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Calm&ulin is a ubiquitous intracellular calcium binding protein which 
has been shown to be associated with cell cycling. Previous studies using 
animal tumor models have suggested a positiw correlation between tumor 
calmodulin content and rate of tumr growth. We studied the role of 
calmodulin in renal cell carcincm UXX) cell lines and ampared this with 
short term norm1 fetal kidney cell lines. 'Ihe effects of calmodulin 
inhibition was determined using the calmdulin inhibitor W13 
(Naphthalene-sulfonamide) and its less active partner W12. Cell size, 
calmodulin mntent and inhibition studies using W13 did not reveal any 
simple correlations for the RCC cell lines, although the XC lines did have 
a higher content than the fetal kidney oell lines. Calmodulin mntent 
Mermination of IXX aud norm1 adult kidney tissue failed to show any 
difference. We amcltie that, contrary to previous reports using animal 
mdels, there is no sin@le relationship between tumor grcwth rates and 
calmodulin content for huam RCC. 

Recently it ha.5 been reported that the cellular omcentration of 

calmodulin increases during the cell cycle, suggesting a role for it in the 

regulation of the cycling process (1). In Chinese Hamster ovary K cells a 

sudden increase in cellular calmodulin levels occurs at the Gl/S phase 

boundary (2). Virally transformed cells have also been shown to have 

increased calmodulin levels (3). This increase is due to an increased rate 

of synthesis rather than any change in calmodulin degradation. In vitro 

studies have shown that tmx cells have a decreased requiremnt for 

calcium in the culture media (4). Ihus,calcimamd calmodulinappearedto 

beinvolwdin the growth of nor-ml andtumr cells. 

MATER- AND METHODS 

TISSuEANDCELLLINFs: RCC and non-tumr renal tissue wre obtained 
at surgery and iinwdiately frozen and stored at -7OOC. Non tumor tissue 
was defined as tissue obtained frcxn the kidney containing the RCC, lxt far 
remved fran the site of the tumr. Fetal tissue was obtained fran 
therapeutic abortions or still births and similarly stored. The RCC cell 
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lines 769P, and 1072F ware derived in our laboratory (5). s(-RX-6 as a 
gift fran Dr. Bander, Mmwial Sloan Kettering Institute, New Yark, NY. 
Short term cell lines were derived fran the same fetal tissue as was used 
for the calmodulin assay. Tba cell lines were prepared as previously 
described (6). Generation times for the short term cell lines were 
estiz&ed by seeding a known number of first passage cells and oxnting the 
number reached at the next passaqe. 

-IN INHIBI'JXRS:- !&e-inhibitors used in these experiments 
were n-(4-aminolxnxl)-5-chloro-2-nanhthalenesulfonamide, hvdrochloride 
Wl.3), together with its less acti& partner Wl2 UZAABG, *Luston, Texas). 
Wl2 contains one less chlorine atan at C-5 than the active conpound W13. 
Previous studies have shown that the Wcanpounds bind to mlxwdulinin a 
calciumdependentzenner,with the leas active axnpound having about 5 
times less binding affinity (2,7). As the hydrophobicity of these 
anqounds is similar, their interaction with cell manes should also ba 
similar, neking them excellent probes for evaluating calwdulin function. 

aiImDuLIN ASSAY: Tuzors were suspended in 125 n@l Borate txffer 
containing 1mM JGTA, and 75 IrM NaCl (pH 8.4) and hanogenized in a Brinkman 
Polytron Hcrfqenizer (setting 8 for 80 seconds). Aliquots were then 
removed for protein &termination according to Uwry (8), using ESA as 
standard. Following hanogenization, the sa@e was centrifuged at 105,000 
g for one hour, the supematant rezowd and retained. T¶E precipitate was 
resuspended in hczogenization lxffer and again centrifuged at 105,OOOg for 
one hour. The supernatant was again rwoved and aznbined with the first. 
Ihs precipitate was res(fspended in lxnqenization buffer and both samples 
were then f"o"t"d at 90 C for 5 minutes after which they were rapidly 
cooled to 4 Cin anethanoldryice bath. Further aliquots wxe taken 
for protein determination. In this manner the supematants were dafined as 
the cytosolic fraction and the precipitate as the particulate fraction. 
Szqles were then assayed in a radioimwnoassay as previously performed by 
us (9) (CAABco, Houston, Texas). All results were perfornxad in a single 
assay. The intra-assay coefficient of variation was S-8%. 

-cEUcx~EwLU-ATIcN: Cells were plated at 20,000 - 40,000 
cells/well in 24 well elates. After allowina the cells to attach 
overnight, the media w&s removed and replacd with either-mntrol media 
UU4PI-1640, lo%199 supplemented with 5% fetal Bovine serum and 2 mM 
glumine) or nedia containing Wl2 or Wl.3. Cn days 0, 1 and 2 the cells 
fran wells at each concentration of inhibitor together with controls ware 
trypsinized and counted. Viability was determined by trypan blue 
exclusion. Thus, by initially plating 3 wells at each concentration, and 
counting 1 well daily, it is possible to generate a growth curve. Cell 
size was determined by trypsinizing the cells, cytocentrifuging them onto a 
glass slide Ghandon Southern Instruzents, Inc., Sewickley, PA). T¶E cells 
were stained with 1% crystal violet after fixation in 95% ethanol for 5 
minutes. Cellsizewas then determined using an O@azaz System IV Inege 
Analyser (Optcskax Inc., Hollis, New Hanpshire). 

REsuL!rs 
cm? effects of calnwdulin inhibitors on tumor cell line growth are 

shcwn in Figure 1. In la, 46 @4Wl3 led to azaplete cell death of SK-6 

cells, while causing only growth reduction with 769P (lb) and 1072F (1~). 

Further, this grwth retardation NM greater for 769P than 1072F. Figure 

Id shu+zz the inhibition of growth by W13 for the three oell lines. It-e 

concentrations required to reduce the cell counts to half that for the 

control (ICSO), calculated from each of the experiments were 26 + 0.52 
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Figure 1: A, B, C: lha effect of calrodulin inhibitor W13 cm cell 
growth. Ihe results &m examples frm one experiment 
e3ch. llx experiments were prformd on three occasions. 

D: The effect of Wl3 on cellgrowth,expressed as a 
percentage of control, after 48 hours of cultivation km 
of 3 experiments). 

FM for S-6, 35.2 + 3.7 fl for 769P, and 42 + 7 w for 1072F tnean 

+ SEW. - In axnparison, the IC5O's for Wl2 treatmznt were 80 @ for 

9(-m-6, 120 pi for 769P, and 220 m for 1072F (data not shcwn). These 

values are 3-5 times the concentration required for W13, demonstrating the 

specific calmx?ulin inhibiting effect of Wl3. 

Determination of the cellular calmodulin amtentfor the RCC cell 

lines revealed significantly mre calnmdulin per nq protein than the fetal 

kidney azll lines (Table l), p < 0.05, yet on an absolute basis (oxtent 

per cell), the fetal kidney levels fell within the mid range for the RCC 

lines. when the calmodulin levels for the cytoplasmic arxl particulate 
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mBLE1 
Cell Line Characterization 

CELL SIZE c;ENERATICN FfaYl'EM/CELL CAIMODULIN CAMOCULIN~g/mqPROTEIN 
CELL LINE PICTURE 

UNITS TIME MFS) w pq/cell !lbtid Cytosolic Particulate C/s 

FIDALKIDNEX 
FK.1 38-64 840 1.16 1.38 1.60 0.70 6.95 
FK.2 790 1.13 1.43 1.74 0.62 7.08 

Mean * SEM 1.41+.03b 1.67k07b 

RmALTwKm 
1072F 22OOtlOO 42 ll30 2.05 1.81 2.33 0.45 13.67 

s-6 17302133 41 730 1.69 2.32 2.79 0.93 8.31 
769P 1250+114 28 410 0.84 2.05 2.70 0.63 9.66 

Mean ASEM 2.06+.15 2.612.14 

t Cytosolic/pwticulate ratio. Absolute mntent per cell. 
Significance p < 0.05 (Student t-test) spared with renal tumrs. 

ampatmmts were analyzed, the ECC lines hadelevated cytoplasmiclevels, 

cmparedwitb the fetal lines,p < 0.05, lxltthe particulate levels and the 

absolute cytcplasmic/particulate ratio were similar. 

Canparison of cell growth rates with calmdulin content and cell size 

revealed that 1072F, whid-i had the largest cell size, highest calmodulin 

level, and required the mst Wl3 for inhibition, was the slowest growing 

cell line. This trend wss not found for 769P and S-RX-C. No difference 

was seen in calmdulin Content between these cell lines, when expressed per 

mg protein, for any of the parameters used, despite the generation times 

varying by 50% fran slowest to fastest, and the cell size, similarly by 

76%. 

The tissue calmdulin levels are &mm in Table II. Tissues No. 1 and 

2 for EUX and non-t-r kidney were obtained frcnn the sam patients. Both 

dmqxstrated an increased level of calmdulin for the non-tumor kidney over 

the RCC itself. Non-tumr kidney tissue had higher levels of total, 

cytosolic, and particulate calmcxlulin; ht these were small and 

statistically insignificant. 

The fetal kidney tissue FKl and FK2 were used to obtain the short term 

fetal cell lines. The thal calma¶ulin (per q protein) was three times 

higher for the tissue than for the cell lines, while the C/P ratios were 

similar. Cmparison of the fetal tissue with the non tmkx and RCC tissue 
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TABLE2 
Tissue Calndulin Levels 

TISSUE 7DTAL CYICSOLIC cTraMmuLIN c~g/ms FROTEIN&txoLIC,PARmJIATE PARTICUIATE 

PsNALcELLcARcINoMA 
1. 1.71 
2. 2.73 
3. 1.98 
Mean+W 2.14+.31a 
Nct4llmRKlDNEY- 
1. 1.94 
2. 4.99 
3. 1.98 
4. 4.22 
Me?lll~% 3.283.76 
FFTAL KIDNEY 
1. 3.15 
2. 5.48 
3. 6.54 
4. 2.22 
5. 5.97 
Me?L+W 4.67+0.84a 

2.12 0.30 
3.57 0.58 
2.91 0.31 

2.902.42 0.4+0.0ga 

2.48 0.35 
7.82 0.64 
2.36 0.39 
5.21 1.56 

4.5kl.3 0.74s.28 

5.78 
1.01 
1.23 
1.63 
7.79 

3.551.4 

0.62 
12.04 
12.58 
7.54 
2.59 

7.1+2.4a - 

24.28 
15.79 
16.54 

18.9+2.7a - 

20.60 
19.07 
25.77 
9.02 

18.6k3.5 

9.03 
5.73 
7.53 
1.95 
5.56a 

6.0+1.2a 

aSignificance p < 0.05 (Student t-test) axnpred with renal tumx tissue. 

damn&rated a significant elevation for all parameters of wlmodulin 

mmmxment over the RCC levels, except the cytosolic levels. 

DISCUSSICN 

Previos studies using animal tumr mdels have suggested a positive 

correlation between tumor calmodulin content aud rate of tumr growth. 

Ihis study presents data suggesting that cellular calmodulin content has no 

simple relationship with either malignant transformation, or tuwr g-m&h 

rates in humn RX. RX cell lines had a higher mlmodulin content than 

the fetal kidney lines, but only relative to protein content and not on a 

wntent per cell basis. No difference ms seen for C/P ratios or cell 

calcium wntent (data not shown). Further, inhibition of growth by W13, 

did not have any clear cut relationship with cell growth rates or 

calmodulin content. We obeerved that at low concentrations (WI-3 < 4 

yg/nl, W12 < 16 pg/ml) the cells had higher growth rates than the 

controls. This phenwenon is mst likely &e to non-specific, non 

wlmodulin mediated membrane effects, as nrzmbrane stimulation pr se tends 

to cause cell division. This data is contrary to previous studies using 

non human rmterial. In one study, Morris hepatams had increasing amounts 

847 



Vol. 114, No. 2, 1983 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

of calmodulin associated positively with gru#th rates (10). This 

association HBS restricted to transformad cells as regenerating liver did 

not have a similar increase. In another study, there was an increased C/P 

ratio for the tumrs over the normal tissues (11). Chafouleas, et al. (3) 

found that virally transformad cells had a greater rate of calmodulin 

production over the "mmel" cells, -ether with a higher absolute 

content. These data appear contrary to our findings, though none is 

exactly amparable. 

Norm1 kidney had slightly higher levels than the KZC, while the fetal 

kidney levels were almost twice those of the Wx. There were no 

differences in the qtosolic fractions between tissues, tut the fetal 

kidney hadparticulatelevels10 timss that for Ilcc or normal. This ledto 

higher C/P ratios for the PCC and normal tissue, in contrast to previous 

hspatana studies (11). Canparison of the tissue C/P values with those for 

the cell lines showed a gocd correlation for the fetal kidney, while the 

F&X cell lines had lower levels than the tissue. 

With the demnstration of numerous other calcium or &nmdulin binding 

proteins, (12,13,14), including one (Oncanodulin) (15) which has only been 

found in malignant tissues, it seems plausible that the differences seen 

between ours and other studies is due to variations in the content of these 

other calcium binding proteins. In a recent study (161, the same group 

that evaluated the rat kidney cells (3) subseguently found, that changes in 

calmxlulin acceptor proteins, and not calmodulin itselE, were associated 

with vital transformation. 

In conclusion, we have found that calmodulin inhibitors are cytotoxic 

for hman XC b& that unlike the case in sune animal tumr mdels, there 

is no simple relationship between calmodulin and tumr call growth. In 

addition, our studies show that extrapolations Eran "in vitro" studies to 

the clinical situation must be nede with extreme caution. 

1. Means, A.R., Tash, J.S. and Chafouleas, J.C. (1982) Physiological 
Rev. 62, l-39. 
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