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T-type Ca2+ channel blockers suppress the growth of human cancer cells
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In order to further clarify the role of T-type Ca channels in cell proliferation, we have measured the
growth inhibition of human cancer cells by using our potent T-type Ca2+ channel blockers. As a result,
KYS05090, a most potent T-type Ca2+ channel blocker, was found to be as potent as doxorubicin against
some human cancer cells without acute toxicity. Therefore, this letter provides the biological results that
T-type calcium channel is important in regulating the important cellular phenotype transition leading to
cell proliferation, and thus novel T-type Ca2+ channel blocker presents new prospects for cancer
treatment.

� 2008 Elsevier Ltd. All rights reserved.
Calcium plays a critical role as an intracellular signal and con-
trols many different cell processes,1 of which intracellular calcium
(Ca2+) regulates proliferation, differentiation, growth, cell death,
and apoptosis.2 Thus, alterations in Ca2+ signaling can be the cause
of defects in cell growth and are associated with some cancers. A
number of research groups have suggested a potential role of
T-type Ca2+ channels in controlling cell proliferation.3–8 If a prolif-
eration is a principal characteristic of cancer cells, therefore, a
modulator of T-type Ca2+ channels in cancer cells responsible for
proliferation is of potential clinical significance. For example, the
known inhibitors of T-type Ca2+ channels, for example, both mibe-
fradil and pimozide, have been demonstrated to be effective in
decreasing cell proliferation in normal cells as well as breast cancer
cells (Fig. 1).9–15 In addition, it is recently reported that inhibition
of T-type channels reduces cell proliferation via a p53-dependent
p21CIP1 pathway in certain esophageal carcinomas.16 In light of
these findings, we have recently demonstrated that through the as-
say of eight compounds showing a broad range of channel blocking
effects (34–91% inhibition at 10 lM concentration), there is a close
connection between channel blocking effect and growth inhibition
of human cancer cells.17

As a continuous study, we have set out to select and screen 13
compounds showing the good inhibitory activity (its IC50 is less
than 1.0 lM) against calcium influx from our library of compounds
as illustrated in Figure 2.18–22 The general synthetic method of 3,4-
dihydroquinazoline compounds is described in Scheme 1.20 The
ll rights reserved.
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channel blocking activity of selected compounds was evaluated
against HEK293 cells which stably express both T-type calcium
channel Cav3.1 with a1G subunit and potassium channel Kir2.1.23

The selected compounds were again evaluated for their growth
inhibition against five human cancer cell lines [human lung carci-
noma (A549), human prostate cancer (DU 145), human colon can-
cer (HT-29), human malignant melanoma (SK-MEL-2), and human
ovarian cancer (SK-OV-3)] using sulforhodamine B (SRB) assay.24

Table 1 provides the results of assays used to measure the inhi-
bition of calcium influx and the growth inhibition of human cancer
cells by the compounds as illustrated in Figure 1. The entry of com-
pounds was arranged in order of the channel blocking activity for
the easy data comparison.

Doxorubicin was used as a reference for anti-cancer activity and
also tabulated with data for comparison. Before discussing the
results, we have already confirmed that most compounds showed
little cytotoxicity on HEX293 cell at 100 lM concentration except
KYS05080, which showed the serious cytotoxicity at that concen-
tration. From these data, a brief relationship profile emerged as fol-
lows: first, most compounds showed the linear correlation
between cell growth inhibitory activity and T-type channel block-
ing effect except KYS05055 and KYS05056, which showed no anti-
cancer activity against three cell lines (A549, DU 145, and SK-OV-3)
and the poor activity against another cell lines (HT-29 and SK-MEL-
2) although they show the good channel blocking effect. Second,
most compounds exhibited the similar growth inhibitory activities
against five cancer cells except for compounds KYS05055 and
KYS05056. Among compounds, KYS05090, the most potent chan-
nel blocker, showed the best activity (their GI50 values are less than
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Figure 1. Structures of mibefradil, pimozide, and doxorubicin.
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Scheme 1. Reagents and conditions: (a) SnCl2�2H2O, EtOAc, 70 �C; (b) R1NCO, benzene, rt; (c) Ph3P�Br2, Et3N, CH2Cl2, 0 �C; (d) R2H, THF, rt; (e) LiOH�H2O, THF–H2O (1:1), 60 �C;
(f) p-R3-BnNH2, HOBT, EDC, rt; (g) 10% Pd(C), MeOH, rt; (h) p-R4-PhSO2Cl, pyridine, 0 �C to rt.
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Figure 2. 3,4-Dihydroquinazoline derivatives studied in SRB assay.
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Table 1
Biological data for selected compounds

Compound T-type calcium channel
blocking effect (IC50: lM)a,b

Growth inhibition of cancer cell (GI50: lM)b

A549c DU 145d HT-29e SK-MEL-2f SK-OV-3g

KYS05065 1.04 ± 0.25 24.46 ± 5.79 17.21 ± 1.39 13.94 ± 1.13 17.03 ± 1.56 26.14 ± 6.08
KYS05046 0.68 ± 0.18 3.83 ± 0.55 3.83 ± 1.08 2.08 ± 0.43 4.31 ± 2.56 4.61 ± 0.30
KYS05057 0.63 ± 0.04 14.27 ± 1.05 6.52 ± 1.00 3.15 ± 0.66 8.53 ± 1.65 15.61 ± 1.14
KYS05085 0.57 ± 0.05 7.74 ± 2.60 4.26 ± 0.56 3.18 ± 0.52 2.02 ± 0.40 7.18 ± 1.18
KYS05056 0.38 ± 0.15 >100 >100 28.28 ± 1.42 43.95 ± 7.68 >100
KYS05055 0.35 ± 0.07 >100 >100 22.31 ± 1.00 31.62 ± 3.05 >100
KYS05043 0.30 ± 0.09 2.90 ± 0.38 4.09 ± 0.71 1.08 ± 0.28 1.80 ± 0.48 3.99 ± 1.07
KYS05080 0.26 ± 0.01 0.87 ± 0.18 2.49 ± 0.53 0.61 ± 0.12 0.69 ± 0.15 2.76 ± 0.76
KYS05089 0.23 ± 0.03 1.77 ± 0.16 1.78 ± 0.17 0.52 ± 0.24 1.91 ± 0.11 1.95 ± 0.04
KYS05047 0.17 ± 0.03 1.87 ± 0.05 1.79 ± 0.04 1.70 ± 0.16 1.59 ± 0.27 2.01 ± 0.32
KYS05048 0.16 ± 0.02 1.83 ± 0.22 1.64 ± 0.09 1.67 ± 0.18 1.48 ± 0.31 1.61 ± 0.09
KYS05042 0.11 ± 0.06 1.93 ± 0.13 1.71 ± 0.16 1.71 ± 0.17 1.73 ± 0.28 1.95 ± 0.23
KYS05090 0.041 ± 0.001 0.17 ± 0.02 0.19 ± 0.02 0.04 ± 0.01 0.48 ± 0.13 0.66 ± 0.13
Doxorubicin NDh 0.16 ± 0.01 0.06 ± 0.01 0.21 ± 0.04 0.11 ± 0.01 0.12 ± 0.02

a T-type calcium channel (a1G) expressed on HEX293 cell.
b Value was determined from dose–response curve and obtained from three independent experiments.
c Human lung carcinoma (A549).
d Human prostate cancer (DU 145).
e Human colon cancer (HT-29).
f Human malignant melanoma (SK-MEL-2).
g Human ovarian cancer (SK-OV-3).
h ND, not determined.

J. H. Heo et al. / Bioorg. Med. Chem. Lett. 18 (2008) 3899–3901 3901
1 lM) across all the cell lines in the series as shown in Table 1. This
compound was found to be as potent as doxorubicin against hu-
man lung carcinoma (A549) and showed in particular 4-fold more
potency against human colon cancer (HT-29) compared to doxoru-
bicin. For the acute toxicity study, KYS050590 as a corn oil mixture
was orally single administered at dose of 1000 mg/kg to two CD-
1(ICR) mice, and no mortality was observed during 5 days (the data
not shown). Therefore, KYS050590 did not appear to have signifi-
cant toxicity. This result implies a possibility that KYS050590
works by stopping cancer cells from multiplying, and thus it stops
cancer from growing (cytostatic effect) rather than killing cancer
cells (cytotoxic effect).

In conclusion, our potent T-type channel blockers were eval-
uated for the growth inhibition of human cancer cells and
KYS050590 possess GI50 similar to that of Doxorubicin. This re-
sult provided a strong evidence for the correlation between inhi-
bition of calcium influx and anti-cancer activity. Therefore, this
study presents new prospects for cancer treatment. Now, the
evaluation of in vivo anti-tumor efficacy and chronic toxicity in
CD-1(ICR) mice is in progress and its data will be announced
in the future.
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