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Summary. The effects of anticalmodulin agents, namely
trifluoperazine (TFP) and two naphthalene sulfonamide deriv-
atives (W-7 and W-13), were tested on the growth of a human
breast cancer cell line (MDA-MB-231) using a soft agar
clonogenic assay. The results of this in vitro study reveal that
TFP, W-7, and W-13 had the ability to inhibit the colony
formation from this cell line. The inhibitory effect was greater
when the cancer cells were exposed to these agents continuously
than when the cells were exposed to the drugs for 1 h. The ICs,
values for TFP, W-7, and W-13 in continuous exposure were
about 18, 30, and 38 uM, respectively, whereas the correspond-
ing values for 1-h exposure were 50, 53, and 70 uM,
respectively. These findings suggest that anticalmodulin agents
can inhibit the growth of human cancer cells at relatively low
concentrations in vitro. Whether effective antitumor concentra-
tions of these drugs can be achieved in vivo remains a subject for
further study.

Introduction

It is well documented that calciom and/or calmodulin play
significant roles in DNA synthesis and cell proliferation [10,
30]. During the pre-replication stage of a cell cycle, there is a
critical period when intracellular ionic calcium and calmodulin
levels are increased just before DNA synthesis takes place [6,
14, 17, 23, 30]. It has been reported that the calmodulin levels
are significantly elevated in exponentially growing transformed
cells [5, 15, 26]. In addition, the levels of calcium and/or
calmodulin are increased in hepatomas [9, 12, 18, 27, 28] and in
human mammary tumor tissue [24]. Thus, prolonged abnor-
mally high levels of calcium and/or calmodulin may lead to a
bypass of this critical step during cell proliferation. This
biochemical abnormality may be linked to the relatively
autonomous cell growth associated with cancer [10, 30].
The recent finding that increased calmodulin levels in
Morris hepatomas are positively correlated with tumor growth
rates [28] has raised the possibility that anticalmodulin drugs
can inhibit the growth of tumor cells. To test this in the present
study, we investigated the effects of some calmodulin-inhib-
itory agents on the growth of the human breast cancer cell line,
MDA-MB-231 [3, 4] in soft agar, using the clonogenic assay of
Hamburger and Salmon [11, 22]. The agents tested include the
antipsychotic agent trifluoperazine (Stelazine, Terfluzine) [16,
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29] and the naphthalene sulfonamides W-7 and W-13
[6, 13].

Materials and Methods

Drugs. Trifluoperazine hydrochloride (TFP) was obtained
from Smith Kline and French Ltd., Mississauga, Ontario,
Canada. The compounds: W-7, [N-(6-aminchexyl)-5-
chloro-1-naphthalene sulfonamide, hydrochloride], and W-13
[N-(4-aminobutyl)-5-chloro-2-naphthalene sulfonamide, hy-
drochoride] were purchased from Caabco, Inc., Houston,
Texas, USA. These compounds were dissolved in a small
amount of ethanol (e.g., 1mg in 25ul) and adjusted to
appropriate concentrations with culture medium or saline. The
highest concentration of ethanol used in these experiments
(0.05% v/v) had no significant effect on colony formation or
cell culture growth. All drugs were freshly prepared and were
protected from light. Other chemicals were of the highest
purity available commercially.

Tumor Cells. The human breast carcinoma cell line
(MDA-MB-231) was originally grown from a pleural effusion
removed from a patient at the M. D. Anderson Cancer Center,
Houston, USA, in 1973 [3, 4]. This cell line was obtained by
EG & G Mason Research Institute (57 Union Street,
Worcester, MA 01608, USA) and cryopreserved. Dr E. M.
Jensen of this Institute kindly sent this cell line to us and it has
been maintained in our laboratory since January, 1982. The
cells were grown in Corning 75 cm? tissue culture flasks which
contained 15ml enriched CMRL-1066; this medium was
prepared by adding to 100 ml CMRL-1066 (Gibco Laborato-
ries, Grand Island, NY, USA) the following: 15 mi horse
serum (Flow Laboratories, McLean, VA, USA), 2 ml insulin
(100 U/ml) (Connaught Laboratories, Willowdale, Ontario,
Canada), 2ml 1-glutamine (200mM), 1ml vitamin C
(30mM), and 1ml penicillin-streptomycin  solution
(10,000 U/ml) (Gibco Laboratories). The cells were incubated
at 37° C in a humid air/carbon dioxide (5%) mixture for 5—8
days. The cells were removed from culture flasks by digesting
briefly with trypsin (0.125%) in Hank’s balanced salt solution.
After two fold dilution with enriched CMRL-1066 medium,
the cell suspensions were centrifuged at 580 g fof 5 min and
pellets were resuspended in an appropriate amount of fresh
culture medium. These cell suspensions were then passed
through 25-gauge needles several times to make single-cell
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Fig. 1. A Human breast cancer cells (MDA-MB-231) in a confluent culture (100X ). B A typical human breast cancer colony growing in soft agar on

day 10 (400)

suspensions for subcultures or clonogenic assay. The number
of cells per milliliter was counted using a hemacytometer and
cell viability was determined by trypan blue dye exclusion
(0.1% trypan blue in saline). The viability of the culture cells
used in this study was greater than 90%.

Soft Agar Cultures. The culture system for clonic breast cancer
cells is a double-layer agar system similar to the reported
initially by Hamburger and Salmon [11], with the exception
that conditioned medium was not added. All cultures were

performed in 35-mm petri dishes (Miles Laboratories, Naper-
ville, ILL., USA). The underlayer consisted of 1.0 ml McCoy’s
5-A medivm (Gibco Laboratories), 10% fetal calf serum
(Gibco Laboratories), other nutrients [i.e., 5% horse serum,
1% sodium pyruvate (2.2%), 1% L-glutamine (200 mM), 0.2%
L-serine (21 mg/ml), and 1% penicillin-streptomycin solution
(10,000 U/ml)] [11], and 0.5% agar (Difco Laboratories,
Detroit, Mich., USA). The upper layer, to which the tumor
cells were added, consisted of 1.0 ml CMRL-1066 medium
with 15% horse serum (Gibco Laboratories), other nutrients
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Fig. 2. Linear relationship between colony formation and the number
of nucleated breast cancer cells plated. Points represent the means of
three dishes; the bars represent SE. These are the results of a typical
experiment
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Fig. 3. Effect of trifluoperazine (TFP) on survival of breast tumor
colony-forming cells following 1-h exposure (—A—) and continuous
exposure (—O=) to the drug. Results are expressed as the mean
(+ SE) survivals as percentages of the values in untreated con-
trols

[i.e., 2% insulin (100 U/ml), 2% r-glutamine (200 mM), 1%
vitamin C (30 mM), and 1% penicillin-streptomycin solution
(10,000 U/ml)] [11], and 0.3% agar. Cultures were incubated
at 37° C in humidified 5% CO,/air mixture.

Drug Sensitivity Studies

a) One-Hour Exposure. From 3 to 8 X 10° breast cancer cells in
1.5 ml McCoy’s 5-A medium (plus 10% fetal calf serum) were
incubated for 1h at 37°C in the presence of varying
concentrations of drugs. The cells were then washed twice with
drug-free medium and the cell concentration adjusted to 13
X 108 cells/ml. To 0.5 ml of the cells were added 2.2 ml of
enriched CMRL-1066 and 0.3 ml of molten 3% agar. After
mixing, the cells were plated in triplicate and incubated as
described above.

b) Continuous Exposure. The cell concentrations were
adjusted to 1—3 X 10° cells/ml in McCoy’s 5-A medium with
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Fig. 4. Effect of W-7 on survival of breast tumor colony-forming cells
following 1-h exposure (—A—) and continuous exposure (—O—) to the
drug. Results are expressed as the mean (Z SE) survivals as
percentages of the values in untreated controls
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Fig. 5. Effect of W-13 on survival of breast tumor colony-forming cells
following 1-h exposure (—A—) and continuous exposure (—O—) to the
drug. Results are expressed as the mean (x SE) survivals as
percentages of the values in untreated controls

10% fetal calf serum. To 0.5 ml of the cell suspension was
added 1.9 ml of enriched CMRL-1066, 0.3 ml of the drugs at
various concentrations, and 0.3 ml of 3% agar. The cells were
plated and incubated as outlined above. For continuous
exposure to a drug, the final drug concentration in the upper
layer (1 ml) after equilibration with the bottom feeder layer
(1 ml) was estimated to be one-half of that originally
introduced in the upper layer; this equilibrated concentration
of drug was, therefore, used in the Results section.

Examination of Cultures. Cultures were examined using an
inverted microscope (Nikon Diaphot, Nikon Canada Inc.,
Mississauga, Ontario). Aggregates of 30 cells or more (with
cell size of 70—150 um) were counted as colonies. Colony
counting was performed after 7—14 days of incubation. For
drug-treated plates, the results are expressed as the mean
percent survival (= SE) of colonies compared with that of
untreated controls.



Results
Growth of Breast Cancer Cells

a) In Liquid Medium. The cell line (MDA-MB-231) has been
established as a pure epithelial cell line [3, 4]. This line grows
rapidly (i.e., doubling time is about 16 h) and, at a dilution of
1:5 or higher has to be transferred every 5—8 days. The cells
remain granular and either form a loose network of round or
short, spindle-shaped cells or pile up as heavy clumps of round
cells (Fig. 1A). This cell line has a near-triploid chromosome
number (ranging from 65 to 69) and contains several
characteristic markers [4]. These findings have been confirmed
by Prof. H. C. Wang (Department of Anatomy, College of
Medicine, University of Saskatchewan) since this cell line was
established in our laboratory.

b) In Soft Agar. When cells are plated in soft agar some of the
cells proliferate as colonies. Some 7—14 days after plating,
colonies that arise from stem cells can be enumerated. A
photomicrograph of a typical breast carcinoma colony at 10
days is shown in Fig. 1B. The colony appears as a group of cells
that aggregate, particularly near the center, and with time
(e.g., after 10—12 days) this central core may become
darkened, possibly due to the development of necrosis.
Preliminary experiments indicate a linear relationship between
number of cells plated (from 1 to 9 x 10° cells/plate) and
colony formation (Fig. 2). The plating efficiency was calcu-
lated by dividing the number of colonies formed by the number
of nucleated cells plated. From the data in Fig. 2 this value is
calculated to be about 0.1%.

Drug Sensitivity Testing

The effects of anticalmodulin agents (e.g., TFP, W-7, and
W-13) on colony formation of breast cancer cells are shown in
representative dose-response curves illustrated in Figs. 3—35.
The ICs, values (i.e., concentration that causes 50% inhibition
of colony formation of untreated controls) of TFP, W-7, and
W-13 were calculated to be 18, 30, and 38 uM, respectively,
with continuous drug exposure; whereas the corresponding
values were 50, 53, and 70 uM, respectively with 1-h exposure.
Although all drugs had the ability to inhibit colony formation,
it appears that continuous exposure is more effective than 1-h
exposure for the three agents studied. The cell-inhibitory
potency of these drugs (based on ICs, values) was as follows:
TFP > W-7 > W-13 in both continuous exposure and 1-h
exposure experiments.

Discussion

The findings that anticalmodulin agents such as TFP, W-7, and
W-13 have the ability to inhibit colony formation from human
breast cancer cells suggests that these agents might be useful in
cancer chemotherapy in vivo. The concentrations of these
agents (ICsy) required to inhibit colony formation in contin-
uous exposure are similar to those values reported in other in
vitro systems, where these agents are assumed to interact with
calmodulin [6, 13, 21]. Therefore, it is likely that the inhibitory
effect of these agents on the colony formation is through the
anticalmodulin mechanism.

Accumulating evidence suggests that calcium and calmod-
ulin play an important role in regulating cell proliferation,
being essential for the early DNA synthesis (i.e., late G, or
early S phase) of the cell cycle [14, 17]. Although cell
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proliferation is a complex phenomenon, presumably involving
interactions between several endogenous components in
addition to calcium and calmodulin (e.g., cyclic nucleotides,
peptide and steroid hormones, peptide growth factors,
polyamines, prostaglandins, etc.), it is becoming evident that
calcium and calmodulin likely play a pivotal role in coordi-
nating these interactions.

Previous studies have revealed that trifluoperazine or
chlorpromazine inhibits DNA synthesis in bone marrow
granulocytes [19] or in T51B rat liver cells [2], which results in
prolonged generation time and delayed cell division. It is also
known that chlorpromazine and other phenothiazines have the
ability to inhibit the growth of mouse B-16 melanoma [25] and
mouse sarcoma 37 [1], but not of Ehrlich ascites carcinoma [7],
or mouse mammary adenocarcinoma [8]. The mechanism of
action of these phenothiazine derivatives on these susceptible
tumors has not yet been ascertained. However, the present
studies suggest that the ability of phenothiazine derivatives to
inhibit tumor growth likely depends not only upon the dose but
also upon the levels of calmodulin (and calcium) in the tumor
cells.

Whether the antitumor concentrations of anticalmodulin
agents that are effective in vitro will be achievable in vivo in
man remains to be determined. Trifluoperazine, a phenothia-
zine derivative used clinically in treating psychiatric disorders
such as schizophrenia, is usuvally given in doses of
20—60 mg/day PO. Unfortunately, there is at present no
known published information on the pharmacokinetics of
trifluoperazine in man. The naphthalene sulfonamides (W-7
and W-13) were recently developed by Hidaka and co-workers
and have been tested for their anticalmodulin effects in various
biological systems [6, 13, 14]. As with trifluoperazine, there
are no known published pharmacokinetic data in man with
either W-7 or W-13. Whether these agents have antitumor
effects without causing severe adverse effects must still be
investigated.

Our results show that the colony growth suppression
observed with 1-h exposure was less effective than with
continuous incubation of these agents. This may be due to the
cell cycle-dependent growth-inhibitory nature of these drugs,
although other factors such as drug permeability through cel
membranes or intracellular metabolism may also contribute to
the enhanced effect with prolonged exposure; alternatively,
this effect may be simply due to an increased C x T with
continuous exposure. Since most neoplastic cells have gener-
ally more rapid growth rates than normal cells [20], antical-
modulin agents may selectively inhibit tumor growth with
minimal adverse effects on normal cells.

"The plating efficiency of this cell line is rather low (0.1%).
This may be at least partly due to the method used to obtain a
single-cell suspension, namely, passing the cells through
25-gauge needles several times.

Finally, these studies indicate that the soft agar clonogenic
assay shows promise as a system for testing the potential
efficacy of cell growth regulators (or their inhibitors) as
anticancer agents.

Acknowledgements. This work was supported by the Saskatchewan
Health Research Board and the Saskatchewan Cancer Foundation. Dr
J. W. Wei was a Research Fellow of the Saskatchewan Health
Research Board.

We thank Miss Lois M. Blyth for ther technical assistance in tissue
culture, Mr David Y. W. Wong for his helpful suggestions with regard
to methodology, and Miss Jackie Bitz for her competent secretarial
help. :



90

References

1.

2.

10.

11.

12.

13.

14.

15.

16.

Belkin M, Hardy WG (1957) Effect of reserpine and chlorpro-
mazine on sarcoma 37. Science 125:233-234

Boynton AL, Whitfield JF, MacManus JP (1980) Calmodulin
stimulates DNA synthesis by rat liver cells. Biochem Biophys Res
Commun 95: 745—749

. Brinkley BR, Beall PT, Wible LI, Mace ML, Turner DS, Cailleau

RM (1980) Variations in cell form and cytoskeleton in human
breast carcinoma cells in vitro. Cancer Res 40:3118~3129

. Cailleau R, Young R, Olive M, Reeves WJ Jr (1974) Breast tumor

cell lines from pleural effusions. J Natl Cancer Inst

53:661-674

. Chafouleas JG, Pardue RL, Brinkley BR, Dedman JR, Means

AR (1981) Regulation of intracellular levels of calmodulin and
tubulin in normal and transformed cells. Proc Natl Acad Sci USA
78:996—1000

. Chafouleas JG, Bolton WE, Hidaka H, Boyd AE, Means AR

(1982) Calmodulin and the cell cycle: Involvement in regulation of
cell-cycle progression. Cell 28:41-50

. Chorazy M (1959) Effect of chlorpromazine on Crocker sarcoma

and Ehrlich ascites carcinoma. Nature 184:200-201

. Cranston EM (1958) Effects of some tranquilizers on a mammary

adenocarcinoma in mice. Cancer Res 18: 897—899

. Criss WE, Kakiuchi § (1982) Calcium: Calmodulin and cancer.

Fed Proc 41:2289-2291

Durham ACH, Walton JM (1982) Calcium ions and the control of
proliferation in normal and cancer cells. Biosci Rep 2:15-30
Hamburger AW, Salmon SE (1977) Primary bioassay of human
tumor stem cells. Science 197: 461—463

Hickie RA, Kalant H (1967) Calcium and magnesium content of
rat liver and Morris hepatoma 5123t.c. Cancer Res
27:1053-1057

Hidaka H, Asano M, Tanaka T (198la) Activity-structure
relationship of calmodulin antagonists-naphthalene sulfonamide
derivatives. Mol Pharmacol 20: 571—578

Hidaka H, Sasaki Y, Tanaka T, Endo T, Ohno S, Fujii Y, Nagata
T (1981b) N-(6-aminohexyl)-5-Chloro-1-naphthalene sulfonam-
ide, a calmodulin antagonist, inhibits cell proliferation. Proc Natl
Acad Sci USA 78:4354—4357

LaPorte DC, Gidwitz S, Weber MJ, Storm DR (1970) Relation-
ship between changes in the calcium-dependent regulatory protein
and adenylate cyclase during viral transformation. Biochem
Biophys Res Commun 86: 1169—1177

Levin RM, Weiss B (1977) Binding of trifluoperazine to the
calcium-dependent activator of cyclic nucleotide phosphodiester-
ase. Mol Pharmacol 13: 690—697

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

MacManus JP, Boynton AL, Whitfield JF (1978) Cyclic AMP and
calcium as intracycle regulators in the control of cell proliferation.
Adv Cyclic Nucleotide Res 9:485—491

MacManus JP, Braceland BM, Rixon RH, Whitfield JF, Morris
HP (1981) An increase in calmodulin during growth of normal and
cancerous liver in vivo, FEBS Lett 133: 99-102

Pisciotta AV (1965) Studies on a granulocytosis VII limited
proliferative potential of chlorpromazine-sensitive patients. J Lab
Clin Med 65:240—247

Pitot HC (1981) Fundamentals of oncology, 2nd edn. Marcel
Dekker, New York, p 19

Prozialek WC, Weiss B (1982) Inhibition of calmodulin by
phenothiazines and related drugs: Structure-activity relationships.
J Pharmacol Exp Ther 222: 509—516

Salmon SE (1980) Application of the human tumor stem cell assay
to new drug evaluation and screening. In: Salmon SE (ed) Cloning
of human tumor stem cells, chap 22. Alan Liss, New York, pp
291-314

Sasaki Y, Hidaka H (1982) Calmodulin and cell proliferation.
Biochem Biophys Res Commun 104: 451-456

Singer AL, Sherwin RP, Dunn AS, Appleman MM (1976) Cyclic
nucleotide phosphodiesterase in neoplastic and non-neoplastic
human mammary tissues. Cancer Res 36: 60—66

Van Woert MH, Palmer SH (1969) Inhibition of the growth
of mouse melanoma by chlorpromazine. Cancer Res
29:1952—1955

Watterson DM, Van Eldik LJ, Smith RE, Vanaman TC (1976)
Calcium-dependent regulatory protein of cyclic nucleotide metab-
olism in normal and transformed chicken embryo fibroblasts. Proc
Natl Acad Sci USA 73:2711-2715

Wei JW, Hickie RA (1981) Increased content of calmodulin in
Morris hepatoma 5123t.c.(h). Biochem Biophys Res Commun
100: 1562—1568

Wei JW, Morris HP, Hickie RA (1982) Positive correlation
between calmodulin content and hepatoma growth rates. Cancer
Res 42:2571-2574

Weiss B, Prozialeck WC, Wallace TL (1982) Interaction of drugs
with calmodulin: biochemical, pharmacological and clinical impli-
cations. Biochem Pharmacol 31:2217—-2226

Whitfield JF, Boynton AL, MacManus JP, Rixon RH, Sikorska
M, Tsang B, Walker PR, Swierenga SHH (1980) The roles of
calcium and cyclic AMP in cell proliferation. Ann NY Acad Sci
339:216—240

Received December 21, 1982/Accepted April 16, 1983



