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Letter to the Editor 

Antitumor Effect of Calmodulin Antagonist 
against MH-134 Hepatoma, Ehrlich Ascites 
Carcinoma and B-i 6 Meianocarcinoma in Mice* 
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Department of Pharmacology, Mie University School of Medicine, Mie 514, Japan 

RECENTLY we have demonstrated that cal- 
modulin may play an important role in initiation 
of DNA synthesis [l]. Moreover, transformation 
of cells to malignancy was found to represent one 
general mechanism that results in a specific 
increase in the intracellular content of cal- 
modulin [2-41. All these findings suggest that 
caimoduiin may be invoived in di proiiferation 
and in transformation [5]. 

In this study the effects of calmodulin 
antagonists such as N-(6-aminohexyl)-5-chloro- 
1 -naphthalenesulfonamide (W-7) or N-(6-amino- 
hexyl)-1 -naphthalenesulfonamide (W-5) against 
MH-1.34 hepatoma (MH-134), Ehrlich ascites 
carcinoma (EAC) and B-16 melanocarcinoma (B- 
16) were investigated. The correlation between the 
antitumor activity and the calmodulin content of 
the tumor cells is discussed. 

EAC (5 X lo6 cells) and MH-134 (2 X lo6 cells) 
were inoculated intraperitoneally (i.p.) into male 
BALB/c and C3H/He mice respectively. B-16 
(1 X lo6 cells) was implanted subcutaneously in 
the right flank area of the BDF, mice. The tumors 
were initially supplied from the National Cancer 
Center Rewarrh Tn~titl~w nf Tanan W-7 awl W-r, -2 _-____ _- _l_l-__- ---l--.Ic1 v- Juru”. VI , UllU I. Y 
were dissolved in 0.9% sterile saline solution. 
Each animal was given an i.p. injection of the 
drug and the control animals were given saline 
only, by the same route and in the same volume. 
The antitumor activity was evaluated by com- 
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paring the mean survival time (+S.D.) of the 
treated animals with that of saline-treated control 
animals [6]. The calmodulin content in the tumor 
cells at the end of 14 days after the tumor 
inoculation was assayed according to the method 
previously reported [7]. Protein amounts were 
determined by the method of Lowry et al. [8] with 
bovine serum albumin as a standard. 

We have previously reported that W-7 and its 
derivatives are putative calmodulin antagonists, 
are bound to calmodulin and inhibit Ca”/cal- 
modulin-regulated enzyme activities [9]. W-5, an 
analogue of W-7 that interacts only weakly with 
calmodulin, has been proved to be a much weaker 
inhibitor of cell proliferation. 

As shown in Table 1, W-7 was almost 
ineffective against MH-134. However, our results 
clearly show that W-7 has an antitumor activity 
against EAC andB-16. In particular, W-7 strongly 
inhibited the growth of B-16 in mice given at 
doses of l-10 mg/kg for 10 consecutive days. The 
effect of W-7 on B-16 did not depend on the dose 
administered. Although this point is of interest 
with regard to the effectiveness of a low dose of W- 
7 rlpfinitp mnrlr,rinnr TAIP~-P nrrt w-n-n-hoc4 The , , Y..II.IICL ._VIICI~.JI”AI~ ““CAL ll”L ILaLIICU. I I,C 

calmodulin contents of B-16, EAC and MH-134 
were 537,375 and 45 ng/mg protein respectively. 
Therefore calmodulin may play some role in the 
growth of B-16 and EAC, whereas a factor other 
than calmodulin may be involved in the process of 
growth of MH-134. It is interesting to note that W- 
7 shows an antitumor effect against the tumor 
containing the highest concentration of cal- 
moduiin. 
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Table 1. Effects of W-7 and W-5 on tumor-bearing mice 

w-7 w-5 
Treatment* Mean survival Treatment* Mean survival 

(mg/kg x days) (days) (mg/kg X days) (days) 

MH-134 (calmodulin content: 45 ng/mg protein) 
Control (n = 10) 15.3 + 1.1 Control (fl = 7) 15.4 + 0.9 

1 x 7 (n = 10) 19.0 f 1.3 (24)?$ 1 x 7 (n =7) 15.9 rt 1.3 (3) 
3 x 7 (n= 10) 19.2 + 1.0 (25)$ 3 X 7 (n = 7) 16.2 f 1.0 (5) 

10 X 7 (n = 10) 19.2 f 1.2 (25)x 10x 7 (n=7) 16.5 + 1.3 (7) 

EAC (calmodulin content: 375 ng/mg protein) 
Control (n= 10) 17.4 + 0.4 Control (n = 10) 17.0 * 0.7 

1 x 7 (n=lO) 18.5 f 0.7 ( 6) 1 X7 (n=lO) 17.2 f 1.5 (1) 
3 X 7 (n = 10) 29.4 f 3.2 (69)$ 3 X 7 (n = 10) 16.1 k 1.0 (-5) 

10 X 7 (n= 10) 22.6 + 1.3 (30)$ 10 X 7 (n = 10) 18.4 + 0.7 (8) 

B-16 (calmodulin content: 537 ng/mg protein) 
Control (n = 16) 20.4 f 1.3 Control (n = 10) 20.9 + 1.9 

1 X lO(n=B) 33.8 + 2.8 (66)$ 1 X 10 (n =8) 21.5 It 2.2 (3) 
3 X 10 (n=8) 34.0 rt 3.2 (67)$ 3X lO(n=8) 22.7 + 3.1 (9) 

10X lO(n=S) 33.0 f 3.8 (62)x 10 X 10 (n = 8) 21.3 f 2.7 (2) 

*W-7 and W-5 were injected i.p. once daily for seven or ten consecutivedays 
starting 24 hr after the tumor inoculation. 

tNumber in parentheses is increase in mean survival clay above controls 
(%). 

SSignificantly different (P<O.O5) compared to control group. 

A chlorine-deficient analogue, W-5, which 
interacts weakly with calmodulin, had no 
antitumor activity against these tumors in a dose 
similar to that of W-7. 

Although the antitumor effect of W-7 on MH- 
134 was not so potent, the antitumor spectrum of 
this drug does warrant further investigation. 

REFERENCES 
SASAKI Y, HIDAKA H. Calmodulin and cell proliferation. Biochem Biophys Res 
Commun 1982, 104, 451-456. 
CHAFOULEAS JG, PARDUE RL, BRINKLEY BR, DEDMAN JR, MEANS AR. Regulation of 
intracellular levels of calmodulin and tublin in normal and transformed cells. Proc 
Nat1 Acad Sci USA 1981, 78, 996-1000. 
L.&PORTE DC, GIDWITZ S, WEBER MJ, STORM DR. Relationship betweenchanges in the 
calcium-dependent regulatory protein and adenylate cyclase during viral transforma- 
tion. Biochem Biophys Res Commun 1979,86, 1169-1177. 
WATTERSON DM, SMITH RE, VAN ELDIK LJ, VANAMAN TC. Calcium dependent 
regulatory protein of cyclic nucleotide metabolism in normal and transformed chicken 
embryo fibroblasts. Proc Nat1 Acad Sci USA 1976, 73, 2711-2715. 
MEANS AR, DEDMAN JR. Calmodulin. An intracellular calcium receptor. Nature 1980, 
285, 73-77. 
ITO H, KASAMA K, NARUSE S, SHIMURA K. Antitumor effect of palmitoleic acid on 
Ehrlich ascites tumor. Cancer Lett 1982, 17, 197-203. 
HIDAKA H, YAMAKI T, TOTSUKA T, ASANO M. Selective inhibitors of Gas+-binding 
modulator of phosphodiesterase produce vascular relaxation and inhibit actin-myosin 
interaction. Mol Pharmacol 1979, 15, 49-59. 
LOWRY OH, ROSEBROUCH NJ, FARR AL, RANDALL RJ. Protein measurement with the 
Folin phenol reagent. J Biol Chem 1951, 193, 265-275. 
HIDAKA H, SASAKI T, TANAKA T et al. N-(6-Aminohexyl)-5-chloro-l-naphthalene- 
sulfonamide, a calmodulin antagonist, inhibits cell proliferation. Proc Nat1 Acad Sci 
USA 1981, 78, 4354-4357. 


