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Abstract-Three calcium channel blockers of the dihydropyridine class were tested in vitro for their 
effects on tumor cell-platelet-endothelial cell interactions and in uiuo for antimetastatic properties. 
Felodipine, nimodipine and nifedipine inhibited tumor cell-induced platelet aggregation in vitro in a 
dose-dependent manner. These compounds also inhibited platelet-enhanced tumor cell adhesion to 
endothelial cells in vitro. Lung colony formation (“experimental” metastasis) and spontaneous pul- 
monary metastasis were inhibited by felodipine, nimodipine and nifedipine. From the present studies 
on three calcium channel blockers of the dihydropyridine class we hypothesize that calcium channel 
blockers may represent a new generic class of antimetastatic agents. 

A distinguishing feature of malignant tumors is their 
ability to metastasize to distant sites via the cir- 
culatory or lymphatic systems. In man, the presence 
of tumor cells in the circulation does not necessarily 
indicate a poor prognosis [ 11, suggesting that a critical 
event in the hematogenous phase of the metastatic 
cascade may be tumor cell arrest and formation of 
stable adhesions to the endothelium or de-endo- 
thelianized surfaces. In our laboratories we have 
been exploring the possibility that interactions 
among tumor cells, platelets and endothelial cells 
facilitate tumor cell arrest and adhesion [2,3]. In 
an animal model, Gasic and co-workers [4,5] have 
shown that induction of thrombocytopenia via neur- 
aminidase or antiplatelet antiserum reduces lung col- 
ony formation by intravenously injected tumor cells, 
whereas concomitant platelet infusion prevents this 
decrease in lung colony formation. We have demon- 
strated that a number of agents which inhibit platelet 
aggregation [exogenous and endogenous prosta- 
cyclin (PG12), prostacyclin stimulating agents (nafa- 
zatrom) and thromboxane (TX) synthase inhibitors] 
are antimetastatic in animal tumor models 
[2,3,6,71. 

Both intracellular and extracellular Ca*+ seem to 
be required for irreversible platelet aggregation 
[8,9]. Thromboxane A2 is a platelet proaggregatory 
agent which may act in part by releasing intracellular 
stores of Ca*+ in the platelet [lo, 111, whereas PGI, , 
a platelet antiaggregatory agent, -acts in part gy 
increasing intracellular sequestration of Ca*+ in the 
platelet [8]. Calcium channel blockers, which prevent 
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the influx of extracellular CaLC in several cell types 
[12-141, have been shown recently to inhibit ADP-, 
epinephrine- and collagen-induced platelet aggre- 
gation in vitro [15-171, perhaps due to inhibition of 
intracellular Ca2+ mobilization [ 171. In humans with 
coronary heart disease, administration of nifedipine, 
a dihydropyridine class calcium channel blocker, has 
been shown to decrease ADP- and collagen-induced 
aggregation of platelets ex uiuo and to increase bleed- 
ing time [ 181. The ability of calcium channel blockers 
to inhibit platelet aggregation in vitro and ex Co, 
in conjunction with our previous studies indicating 
that antiplatelet agents are antimetastatic, led us 
to evaluate three calcium channel blockers of the 
dihydropyridine class for their abilities to inhibit 
tumor cell-platelet-endothelial cell interactions in 
vitro and metastasis in viuo. 

MATERIALS AND METHODS 

Tumor lines. B16 amelanotic melanoma (B16a) 
and Walker 256 carcinosarcoma (W2.56) tumors were 
obtained from the Division of Cancer Treatment 
(National Cancer Institute) tumor bank. Tumors 
were passaged in vivo by subcutaneous injection of 
cellular brei into syngeneic male hosts (C57BL./6J; 
Jackson Laboratory, Bar Harbor, ME) for B16a and 
into allogenic female hosts (Sprague-Dawley rats; 
Spartan Laboratory, Lansing, MI) for W256. All 
tumor lines were routinely restarted from liquid N2 
frozen stocks after six isotransplant generations in 
order to maintain their metastatic phenotype. 

Tumor cellpreparation. Cell suspensions were pre- 
pared from subcutaneous tumors by sequential col- 
lagenase digestions [19], and tumor cells were 
purified by centrifugal elutriation as previously 
described [20]. Tumor cells were counted with a 
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model ZBI Coulter counter and viabilities were 
determined by Trypan blue dye exclusion. Final 
monodispersed tumor cell suspensions were >90% 
viable and contained ~3% contaminant host cells 
and no cellular debris. 

Platelet preparation. Platelet rich plasma (PRP) 
was obtained from heparinized human blood or cit- 
rated Sprague-Dawley rat blood as previously 
described [21]. Washed rat platelets (WRP) and rat 
platelet poor plasma (PPP) were prepared from PRP 
as previously described [21]. 

Cultured endothelial cells. A Rous sarcoma virus 
transformed endothelial cell line was derived from 
primary rat cerebral endothelial cells as described by 
Diglio et al. [22]. 

Platelet aggregometry studies. Aggregometry stud- 
ies were performed with a Sienco DP247E dual chan- 
nel aggregometer. Final tumor cell concentrations 
were 5 x l@/cuvette and final platelet concentrations 
7.5 x lO’/cuvette. All experiments were run in trip- 
licate as individually controlled samples. 

Tumor cell adhesion studies. Freshly dispersed 
B16a and W256 tumor cells were adapted for growth 
in tissue culture medium as previously described [23] 
and subcultured one time for use in these experi- 
ments. Labeling was accomplished by exposing cells 
to [1251]deoxyuridine (0.5 &i/ml) for 24 hr. Cells 
were harvested with 0.25% (w/v) trypsin plus 0.02% 
(w/v) EDTA, quenched with 10% (v/v) fetal calf 
serum, washed twice, and resuspended in tissue cul- 
ture medium. Viabilities as determined by Trypan 
blue dye exclusion were >97%. An aliquot of the 
final tumor cell suspension was counted in a Searle 
1185 dual channel gamma scintillation spectrometer. 
The average specific activity of labeling was 
300,000 cpm/lo6 tumor cells. 

For adhesion studies, 16 mm Costar multiwell 
plates or 16mm Costar multiwell plates containing 
confluent monolayers of transformed rat endothelial 
cells were used. Each well had a constant volume 
containing (where appropriate) 2.5 x 10“ tumor 
cells, 3 x lo8 WRP, PPP (O.l%, v/v), 2 mM CaC12, 
felodipine (100 PM), nifedipine (100 PM), nimo- 
dipine (100 PM), polyethylene glycol-400 solvent and 
Ca2+- and Mg2+-free media to equalize volumes. 
Drug or solvent control was added immediately prior 
to plating. The tumor cells were allowed to adhere 
for 30min at 37” and the experiments were ter- 
minated by the removal of non-adherent tumor cells 
by vacuum aspiration. The adherent cells were 
washed, harvested as described above, and counted 
for radioactivity. The number of adherent tumor 
cells was calculated from the specific activity of radio- 
labeling and expressed as a percentage of the total 
cells added to each well. Media blanks were less than 
0.1% of the total counts. Each condition (A through 
D) was run in six replicates, and each experiment was 
repeated from two to three times with comparable 
results. 

Metastasis studies. Tumor cells were purified by 
centrifugal elutriation as described above for use 
in both “experimental” and spontaneous metastasis 
studies. In the “experimental” metastasis studies 
(lung colony formation), animals were pretreated 
(p.o. by intubation) with felodipine, nimodipine, 
nifedipine or solvent control (0.1 ml) 1 hr prior to 

and 1 hr post tail vein injection of 3.5 x 10" B16a 

cells. No further drug was administered. Animals 
were killed 21 days post tumor cell injection, lungs 
were removed and fixed in Bouin’s solution, and 
macroscopic colonies were counted as previously 
described [3,6]. In the spontaneous metastasis stud- 
ies, animals were injected subcutaneously with 
1 X 10’ B16a cells into the right axillary region. Drug 
or solvent control (0.1 ml) treatment (p.o by intu- 
bation) was begun 24 hr post tumor cell injection and 
continued 1 x daily for 27 days. Animals were killed 
on day 28, lungs were removed and fixed, and macro- 
scopic pulmonary metastases were counted as pre- 
viously described [3,6]. Twelve animals were used 
per treatment group, and experiments were repeated 
from two to four times with comparable results. 

Chemicals. Nimodipine was provided by Dr. Alex- 
ander Scriabine, Miles Institute for Preclinical Phar- 
macology (West Haven, CT, U.S.A.), nifedipine by 
Pfizer (Brooklyn, NY, U.S.A.) and felodipine by 
Hassle (Molndal, Sweden). 

Statistical analysis. In vitro assays were analyzed 
using analysis of variance. Significantly different 
(P 5 0.05) groups were confirmed using Scheffe’s 
test. In vivo experimental data were analyzed using 
the Kruskall-Wallis test. Significantly different 
(P I 0.05, chi distribution) groups were confirmed 
using the Q test [24]. 

RESULTS 

Inhibition of tumor cell-induced platelet aggre- 
gation. Irreversible aggregation of human PRP was 
induced in vitro by elutriated murine B16a cells 
(Figs. 1 and 2) or by elutriated rat W256 cells (Fig. 
1). Three calcium channel blockers of the di- 
hydropyridine class (felodipine, nimodipine and 
nifedipine) inhibited, in a dose-dependent manner, 
the induction of platelet aggregation by W256 cells 
(Fig. 1) and by B16a cells (Figs. 1 and 2). 
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Fig. 1. Dose-dependent inhibition by felodipine. nimo- 
dipine and nifedipine of aggregation of heparinized human 
PRP induced by B16a and W256 tumor cells. Solid symbols, 
B16a; open symbols, W256; (0,O) nimodipine: (A, A) 

felodipine; and (0, w) nifedipine. 
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Fig. 2. Representative tracings demonstrating inhibition of Bl6a-induced aggregation of heparinized 
human PRP by felodipine, nimodipine and nifedipine. 

Nimodipine and felodipine were approximately 
equipotent as inhibitors of tumor cell-induced plate- 
let aggregation. The lczo for inhibition by nimodipine 
of B16a-induced platelet aggregation was 85 @I and 
of W256-induced platelet aggregation was 900 PM. 
For inhibition by nifedipine the ICKY values were 
400 ,uM (B16a) and 1450 PM, (W256), and for inhi- 
bition by felodipine the ICKY was 880pM (W256). 
Nimodipine was also inhibitory in a homologous 
system consisting of rat tumor cells (W256) and rat 
PRP prepared from heparinized blood; the lcso was 
25 ,uM. The degree of inhibition by the calcium chan- 
nel blockers was inversely related to the strength of 
the aggregating stimulus (tumor cell concentration) 
and varied with platelet donor. 

For the experiments described above, the di- 
hydropyridine class calcium channel blockers were 
incubated with PRP for 2 min prior to the addition 
of tumor cells. Lengthening the preincubation period 
to lC-15 min did not affect the inhibition or the 
relative inhibitory potency of the two drugs (data 
not shown). In addition, the inhibition of tumor cell- 
induced platelet aggregation was not reversible for 
up to 20min following the addition of tumor cells 
(data not shown). 

Inhibition of platelet-enhanced tumor cell adhesion 
to endothelialcells. We have reported previously that 
rat platelets (washed) enhance the adhesion of rat 
W256 cells to monolayers of normal endothelial cells 
(derived from rat cerebral microvasculature) under 
non-aggregatory and aggregatory conditions [25]. 
This enhancement of adhesion did not require overt 
platelet aggregation, yet was potentiated if platelet 
aggregation was allowed to occur (confirmed by 
scanning electron microscopy). Platelet-enhanced 
adhesion of W256 cells to both normal and trans- 

formed rat endothelial cells is quantitatively similar 
[25]. Adhesion of murine B16a cells to transformed 
rat endothelial cells is also enhanced by platelets 
under non-aggregatory and aggregatory conditions 
v51. 

In the present study, we demonstrated that the 
adhesion of murine B16a cells and rat W256 cells to 
plastic culture dishes was increased in the presence 
of platelets (Fig. 3). Adhesion of B16a cells was not 
increased significantly under non-aggregatory con- 
ditions (absence of PPP; Fig. 3, Control B) but 
was increased 79% under aggregatory conditions 
(presence of 0.1% PPP; Fig. 3, Control D). Previous 
studies [26] have demonstrated that a variety of 
tumor cell lines require a plasma factor (PPP) to 
induce aggregation of washed platelets. Adhesion of 
W256 cells was increased 85% under aggregatory 
conditions (Fig. 3, Control D). Adhesion of tumor 
cells to endothelial cells was also tested using a 
homologous system of rat W256 tumor cells, rat 
platelets (WRP), and monolayers of transformed 
endothelial cells derived from rat cerebral micro- 
vasculature. Adhesion of W256 cells to endothelial 
cells was increased in the presence of platelets (Fig. 
4). Tumor cell adhesion was increased 100% under 
non-aggregatory conditions (Fig. 4, Control B) and 
385% under aggregatory conditions (Fig. 4, Control 
D). 

The three dihydropyridine class calcium channel 
blockers were tested for their abilities to inhibit 
platelet-enhanced W256 cell adhesion to 
endothelium, whereas nimodipine was tested for its 
ability to inhibit platelet-enhanced B16a and W256 
cell adhesion to plastic. Platelet-enhanced adhesion 
to plastic of both B16a and W256 cells was inhibited 
by nimodipine at a dose of 1OOpM (Fig. 3, Nimo- 
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Fig. 3. Representative experiment demonstrating inhibition 
by nimodipine (100 PM) of rat platelet-enhanced adhesion 
of B16a melanoma and W256 carcinosarcoma cells to 
plastic. Key: (A) tumor cells alone, (B) tumor 
cells + platelets, (C) tumor cells + 0.1% PPP, and (D) 
tumor cells + platelets + PPP. Values are expressed as 

R 2 S.E.M.: N = 6. 

dipine B and D); basal adhesion to plastic was not 
inhibited (Fig. 3, Nimodipine A and C). Similar 
results were obtained with felodipine and nifedipine 
(data not shown). Nimodipine also inhibited platelet- 
enhanced W256 cell adhesion to endothelial cells 

(Fig. 4, Nimodipine B and D), but not basal adhesion 
(Fig. 4, Nimodipine A and C). Thus, the inhibitory 
effect of nimodipine on tumor cell adhesion does not 
seem to be limited to either artificial or natural 
substratum. The two other dihydropyridine class cal- 
cium channel blockers also inhibited W256 cell 
adhesion to endothelial cells. Felodipine at a dose of 
100 PM inhibited both platelet-enhanced W2.56 cell 
adhesion to endothelial cells and basal adhesion of 
W256 cells to endothelial cells (Fig. 4). Felodipine 
and nimodipine were more potent inhibitors than 
was nifedipine, resulting in a >90% inhibition of 
platelet-enhanced W256 cell adhesion to endo- 
thelium under non-aggregatory (B) and aggregatory 
(D) conditions. Nifedipine at a dose of 100 PM did 
not inhibit significantly platelet-enhanced W256 cell 
adhesion to endothelium under non-aggregatory (B) 
conditions but did inhibit adhesion by 38% under 
aggregatory (D) conditions. 

Metastasis. Since we have demonstrated previously 
that compounds which inhibit interactions among 
tumor cells, platelets and endothelial cells in vitro 
have antimetastatic properties when administered in 
vivo [3, 6, 71, we tested the dihydropyridine class 
calcium channel blockers for antimetastatic activity 
in vivo using spontaneous and “experimental” met- 
astasis models. The “experimental” metastasis 
model, using intravenously injected tumor cells, 
enabled us to examine the effects of felodipine, 
nimodipine and nifedipine on the interactions among 
circulating tumor cells, platelets and endothelial 
cells. Results obtained in the “experimental” met- 
astasis model were then confirmed by daily admin- 
istration of felodipine, nimodipine or nifedipine in a 
spontaneous model (metastasis from a subcutaneous 
tumor) in which the drugs may exert multiple effects, 
i.e. on the primary tumor as well as on circulating 
tumor cells or on host cells (platelets). In the studies 
of both “experimental” and spontaneous metastasis, 
we used only the syngeneic murine B16a tumor 
model and not the allogenic rat W256 tumor model. 

A single administration of nimodipine (10 mg/kg 
body wt, p.o. by intubation) 1 hr prior to and 1 hr 
post intravenous injection of elutriated B16a tumor 
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Fig. 4. Representative experiment demonstrating inhibition by felodipine, nimodipine and nifedipine 
(100 PM) of rat platelet-enhanced adhesion of W256 carcinosarcoma cells to a virally transformed line 
of endothelial cells derived from rat cerebral microvasculature. Key: (A) tumor cells alone, (B) 
tumor cells + platelets, (C) tumor cells + 0.1% PPP, and (D) tumor cells + platelets + PPP. Values are 

expressed as % 2 S.E.M.: N = 6. 
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Fig. 5. Inhibition by nifedipine (NF) and nimodipine (NM), 
at 10 mg/kg body wt, of pulmonary tumor colony formation 
by intravenously injected B16a cells. Values are expressed 
as median and range (as a percentage of control} from at 
least three representative experiments (N = twelve animals 
per group) and are significantly different from control 

(P 5 0.005). 

cells resulted in a 57% decrease in lung colony for- 
mation (Fig. 5), whereas nifedipine at the same dose 
decreased lung colony formation by 33% (Fig. 5). In 
additional studies em loying lower drug concen- 
trations (0.1 to 4.0 mg P kg body wt), nimodipine was 
also a more effective inhibitor of lung colony for- 
mation than was nifedipine (Fig. 6). The anti- 
metastatic effects of felodipine were only tested at 
the lowest drug concentration (0.1 mg/kg body wt). 
At this dose the ability of felodipine to inhibit lung 
colony formation (43% decrease) was not sig- 
nificantly different from that of nimodipine (34% 
decrease; Fig. 6). 

Experimenkd Mehstasis 
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Fig. 6. Inhibition by felodipine, nimodipine and nifedipine, 
at 0.1 mg/kg body wt, of pulmonary tumor colony for- 
mation by intravenousiy injected BI6a cells. Vakes are 
expressed as median and range (as a percentage of control) 
from representative experiments (N = twelve animals per 
group). Values for felodipine and nimodipine are sig- 

nificantly different from control (P I 0.05). 
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Fig. 7. Inhibition by felodipine (FL), nifedipine (NF) and 
n~modipine (NM) of pulmona~ metastasis from a sub- 
cutaneous B16a tumor. Values are expressed as median and 
range (as a percentage of control) from three representative 
experiments (N = twelve animals per group) and are sig- 

nificantly different from control (P 5 0.005). 

Daily adminis~ation of drug (10 mgfkg body wt, 
p.o. by intubation) to mice bearing subcutaneous 
B16a tumors resulted in a 70% reduction in the 
number of pulmonary metastases by felodipine, a 
72% reduction by nimodipine, and a 40% reduction 
by nifedipine_(Fig. 7). The three calcium channel 
blockers were not toxic to the mice over a period of 
27 days at doses of 90mg/kg body wt. No sig- 
nificant differences were observed in the body weight 
of mice in the present study (Table 1). The effects 
of the three dihydropyridine class calcium channel 
blockers on spontaneous metastasis could not be 
attributed to effects on the primary tumor as neither 
the wet weights nor the volumes of the primary 
subcutaneous tumors were reduced significantly 
(Table 1). 

DISCUSSION 

Calcium ions serve as molecular messengers which 
regulate intracellular biochemical functions. Calcium 
antagonists by preventing release of Ca*+ from intra- 
cellular stores or influx of external Ca2+ can interfere 
with these biochemical functions. One group of cal- 
cium antagonists have as their primary action an 
effect on the “slow channels” in the cell membrane 
through which calcium enters the cells [13]. This class 
of compounds originally described by Fleckenstein 
[13] was named calcium channel blockers.* Currently 
known calcium channei blockers belong to four 
chemical classes: (1) dihydropyridine (nimodipine), 
(2) phenylalkylamines (verapamil); (3) diphenyl- 
alkylamines (prenylamine) and (4) benzothiaze- 
pines (diltiazem). Due to their inhibition of Ca*+ 
influx and thereby contractility in vascular smooth 
muscle, these compounds have received widespread 
use in the treatment of cardiovascular disease in 
Europe [27,28] and are now in clinical use (ver- 
apamil, diltiazem, nifedipine) or in clinical trials for 
use in the U.S.A. (nimodipine). 
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Table 1. Effects of calcium channel blockers on primary tumor weight and volume 

Volume (mm”) Weight (g) Mouse weight 

Control 1767 2 93 1.56 2 0.1 21.2 + 0.7 
Nimodipine* 1583 2 156 1.61 f 0.2 21.7 2 0.5 
Control 2791 5 673 2.52 r 0.4 20.5 ? 0.9 
Nifedipine* 2262 + 229 2.08 t 0.3 19.8 t 0.5 
Control 1420 + 128 1.3 * 0.2 21.8 + 0.6 
Felodipine* 1105 ? 139 1.03 + 0.13 22.4 2 0.5 

* Drug was administered 1 x daily (p.o. by intubation for 28 days). 

Recently, calcium channel blockers have been 
found to enhance conventional antitumor therapy. 
Calcium channel blockers of the phenylalkylamine 
and benzothiazepine classes have been demonstrated 
to enhance the cytotoxicity of drug resistant lines 
derived from several murine solid tumors to standard 
chemotherapeutic agents such as adriamycin, vin- 
cristine and vinblastine [29,30]. In addition, ver- 
apamil has been demonstrated to increase (>50%) 
blood flow to a murine adenocarcinoma at levels 
which did not significantly alter arterial blood press- 
ure (311. These results suggest that calcium channel 
blockers may provide a means of improving the 
delivery of chemotherapeutic agents to solid neo- 
plasms and may, in addition, have the potential to 
increase the effectiveness of radiation therapy by 
increasing oxygenation of the tumor hypoxic cell 
fraction. 

The experimental results presented in this paper 
suggest that compounds of the dihydropyridine class 
of calcium channel blockers are potential anti- 
metastatic agents. We have previously proposed and 
demonstrated that several antiplatelet agents (e.g. 
PGIz, PGIz-stimulating agents and TX synthase 
inhibitors) possess antimetastatic properties [6,32]. 
Although representatives of each chemical class of 
calcium channel blockers have been found to inhibit 
platelet aggregation, the dihydropyridines and 
phenylalkylamines appear to be the most potent 
[ 15,331. We have demonstrated that dihydropyridine 
class calcium channel blockers inhibit tumor cell- 
induced platelet aggregation and platelet-enhanced 
tumor cell adhesion to plastic or endothelial cells in 
vitro and tentatively suggest that their antimetastatic 
effects in viuo may be related to inhibition of tumor 
cell-platelet-endothelial cell interactions. The abili- 
ties of felodipine and nimodipine to inhibit tumor 
cell-platelet-endothelial cell interactions in vitro 
were approximately equipotent as were their abilities 
to inhibit metastasis in uivo. Nifedipine was a sub- 
stantially less effective inhibitor both in vitro and in 
vivo. 

We do not, however, exclude the possibility that 
the dihydropyridines may be antimetastatic in vivo 
due to their effects on hemodynamic parameters 
[34], to inhibition of phosphodiesterase [35], to inhi- 
bition of calmodulin [36] or to stimulation of PG12 
production by pulmonary endothelial cells [37]. 
Nevertheless, we believe that the antimetastatic 
effects of the calcium channel blockers are not due 
to the hypotensive properties of these compounds. 

Prostacyclin and prostaglandin Ez are approximately 
equipotent as vasodilators; however, only PGIz is 
antimetastatic [6]. In addition, we have tested three 
other hypotensive agents (minoxidil, prazosin, tri- 
methaphan) as potential antimetastatic agents in the 
“experimental” metastasis model. None of these 
agents possessed antimetastatic activity (unpublished 
observations). Inhibition of phosphodiesterase or of 
calmodulin and stimulation of PGIz would. of course, 
all result in inhibition of platelet aggregation. We 
have shown previously that PGIz inhibits tumor cell- 
induced platelet aggregation and platelet-enhanced 
tumor cell adhesion in vitro and lung colony for- 
mation in vivo [2,3,6]. Phosphodiesterase inhibitors 
have been reported to be antimetastatic in viuo 
although Maniglia et al. [38] suggested that the anti- 
metastatic effects of the phosphodiesterase inhibitor 
2,6 - bis(diethanolamino) - 4 - piperidinopyrimido[5, 
4-dlpyrimidine (RA233) are not due to antiplatelet 
activity nor to inhibition of primary tumor growth. 
RA233 did not inhibit “experimental” metastasis 
but did inhibit spontaneous metastasis [38]. In the 
present study, the dihydropyridines exhibited anti- 
metastatic effects in the absence of effects on primary 
tumor growth in a spontaneous metastasis model and 
also exhibited antimetastatic effects in an “experi- 
mental” metastasis model. 

At low concentrations calcium channel blockers 
reduce the transmembrane transport of extracellular 
Ca*+. .However, at higher concentrations these 
agents can also effect cellular mobilization of Ca?+ 
[39]. The effects of the dihydropyridine class calcium 
channel blockers on inhibition of tumor cell-induced 
platelet aggregation and of platelet-enhanced tumor 
cell adhesion to endothelium reported here could be 
due to inhibition of either platelet transmembrane 
Ca2+ transport or platelet intracellular Ca*+ mobil- 
ization.’ We cannot exclude either possibility. The 
inhibition of ADP- and collagen-induced platelet 
aggregation by verapamil and nifedipine has been 
reported to be due to inhibition of intracellular Ca2+ 
mobilization [17]. However, there is an obligatory 
requirement for extracellular Ca*+ for induction of 
platelet aggregation by tumor cells [26]. The ability 
of dihydropyridine class calcium channel blockers to 
inhibit tumor cell-induced platelet aggregation may 
be due in part to inhibition of intracellular Ca*+ 
mobilization and/or in part to inhibition of platelet 
transmembrane Ca*+ transport. 

These studies indicate that three representatives 
of the dihydropyridine class of calcium channel 
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blockers have antimetastatic properties. Preliminary 
results in our laboratories indicate that represen- 
tatives of two other classes of calcium channel block- 
ers (phenylalkylamines and benzothiazepines) 
inhibit tumor cell-induced platelet aggregation and 
platelet-enhanced tumor cell adhesion to 
endothelium. Although calcium channel blockers 
represent four chemical classes and at least two 
mechanisms of action, we propose that calcium chan- 
nel blockers may represent a new generic class of 
antimetastatic agents. This proposal is attractive in 
that calcium channel blockers (1) have been selected 
for low chronic toxicity due to their intended long- 
term use in cardiovascular patients, (2) can be 
administered orally, (3) are currently in clinical trial 
or have been approved for use in treatment of car- 
diovascular disease in the U.S.A. and, therefore, 
could be readily available for Phase I clinical trials 
in cancer if efficacy in animal models can be demon- 
strated, (4) may synergize with PGIz-stimulating 
agents and thromboxane synthase inhibitors (which 
lower platelet intracellular Ca*’ ), compounds which 
are currently under development as antimetastatic 
agents, and (5) may, at the same time, enhance 
conventional cytotoxic chemotherapy and radiation 
therapy. 
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