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Tamoxifen Enhances the Cytotoxic Effects of the 
Nitrosourea Fotemustine. Results on Human 

Melanoma Cell Lines 
J.L. Fischel, V. Barb&, M. Berlion, P. Formento, J. Berrile, J.P. Bizzari 

and G. Milan0 

Fotemustine (Fote) is a new amino acid-linked chlotoethyl nitrosourea which has been shown to be useful in 
disseminated malignant melanoma. The aim of the present study was to analyse the cytotoxic effects resulting 
from the combination of anti-oestrogens and Fote on human melanoma cell lines. The anti-oestrogens tested 
were tamoxifen (TMX, 5 x lo-’ moY1 and 5 x 10e6 mol/l) and 40H TMX (5 x 10m8 moVl and 5 x lo-’ mol/l). 
As a prebminary step, a series of nine human melanoma cell lines was screened in order to identify and quantify 
the presence of oestradiol receptors (ER) in these cell lines. This led to the selection of an ER-positive (+) cell 
line. The drugs alone or in combination were then tested against CAL 1 ER (+) and CAL 7 ER (-) melanoma cell 
lines. Different sequences of drug combinations were tested using clinically compatible drug concentrations. For 
CAL 1 cells, there was a growth inhibitory effect induced by the anti-oestrogens given alone. Overall, the presence 
of the ant&estrogens resulted in higher cytotoxic effects than when cells were exposed to Fote alone. The lowest 
lcso Fote values as compared to Fote alone were generated by the sequences in which the anti-oestrogens were 
administered before Fote. Significantly, these associations with anti-oestrogens enabled the xc, values of Fote to 
be reduced by up to 80%. Globally, TMX and 40H TMX had similar synergistic effects. TMX and 40H TMX 
had a modest influence on Fote cytotoxic effects against CAL 7 ER-negative cells. These data may be useful for 
optimal planning of future clinical trials for malignant melanoma using anti-oestrogens and nitrosoureas. 
EurJ Cancer, Vol. 29A, No. 16, pp. 226%2273,1993. 

INTRODUCTION 
THE NATIONAL Cancer Institute recently noted, in its annual 
statistical review, that in the years 1973-1989, melanoma inci- 
dence increased by nearly 85% [l]. Clearly, the incidence of 
melanoma is now rising faster than any other cancer. Unfortu- 
nately, the therapeutic success against advanced melanoma 
remains low, and thus new treatment modalities are eagerly 
awaited for improving response rate and survival in this malig- 
nant disease [2]. Dacarbaxine and conventional nitrosoureas are 
the chemotherapeutic agents with the best established activity 
against advanced melanoma [3]. Based on the presence of 
oestradiol receptors (ER), which were reported in melanoma 
specimens [4], clinical trials with tamoxifen (TMX) have been 
undertaken and objective responses observed [S]. Apart from 
specific pharmacological effects through its binding to ER, TMX 
may interact with anticancer drugs at different cellular levels. 
First, TMX has been shown to be capable of restoring cell 
sensitivity to so-called multidrug-resistant (MDR)-related 
anticancer drugs, through interference with the cell membrane 
P-glycoprotein [6,7]. In addition, TMX has been shown to 
interact with non-MDR-related drugs, such as Wuorouracil 
(SFU) leading to final antagonistic effects [8,9], or cisplatin with, 
in contrast, a synergistic interaction [IO]. A randomised trial 
was recently published concerning the comparison between 
dacarbazine and dacarbazine plus TMX in the treatment of 
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metastatic melanoma [ 111. The presence of TMX resulted in 
higher efficacy as evaluated by both the response rate and the 
median survival. Fotemustine (Fote) is a new amino acid-linked 
chloroethyl nitrosourea which has been shown to be useful in 
disseminated malignant melanoma [ 121. The aim of the present 
study was to analyse the cytotoxic effects resulting from the 
combination of TMX and Fote on human melanoma cell lines. 
As a preliminary step, a series of nine human melanoma cell 
lines was screened in order to identify and quantify the presence 
of ER in cell lines. This led to the selection of an ER-positive 
(+) cell line. The drugs alone or in combination were then tested 
against ER+ and ER- melanoma cell lines. Different sequences 
of drug combinations were tested using clinically compatible 
drug concentrations. 

Chemicals 
MATERIALS AND METHODS 

The anti-oestrogen TMX and 4-hydroxy TMX (40H TMX) 
were from ICI. 17Boestradiol (Ez) was from Sigma (St Louis, 
Missouri, U.S.A.) and [2,4,6,7,-3H]17B-Er (specific activity 
31547 x 10” BqAnrnol) were from Amersham (Les Ulis, 
France). Dihydrotestosterone was from Sigma (StLouis, MO, 
U.S.A.). Fotemustine was obtained from the Institut de 
Recherches Intemationales SERVIER (Courbevoie, France). 
All drugs were stored at -20°C and constituted the stock 
solutions. Dulbecco’s modified Eagle medium (DMEM), L- 

glutamine, fetal bovine serum (FBS), RPM1 1640 were obtained 
from Gibco (Paisley, U.K.). Penicillin and streptomycin were 
supplied by Merieux (Lyons, France). Bovine serum albumin 
(BSA) was from Sigma. The MTT test was performed using 
3-(4-Wirnethylthiazol-2-yl)-2,s diphenyltetrazolium bromide 
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(MTT) and dimethylsulfoxide (DMSO), both of which were 
obtained from Sigma. 

Cell screening for the presence of ER 
Nine different human melanoma cell lines were tested for 

their ER expression : CAL 1, CAL 7, CAL 23, CAL 24, CAL 
52, CAL 86, CAL 103, CAL 109 and 77 V. All these cell lines 
had been obtained from our institute. The procedure for ER 
determination was derived from the Sutherland method [ 131. At 
90% confluence, cells grown in 24-well plates were rinsed three 
times with 500 ~1 RPM1 1640 containing 0.1% BSA at 37°C. 
After rinsing, 150 ~1 medium plus 50 ~1 ligand solution in the 
same vehicle were added. The final concentrations of [3H]E2 
were 0.03,0.04,0.06,0.1,0.2,0.4,0.6, 1, 3, 8 and 15 nmol/l. 
To determine non-specific binding, an excess of unlabelled Ez 
(1500 nmol/l) was added to the highest concentration of labelled 
ligand. Dihydrotestosterone (200 times more concentrated than 
labelled E2) was added for saturating the binding to androgen 
receptors. Cells were incubated for 1.5 h at 37°C in 5% COz. 
Plates were placed on a tray with ice to stop the reaction, and the 
supernatant was removed for each well. Cells were washed three 
times with phosphate buffered saline (PBS) containing 5% BSA 
(4”C, 250 p,l per well). The total amount of time required for 
rinsing was less than 20 min. After removal of the supematant, 
cells were solubilised with 1 mol/l NaOH at 37°C (300 pl per 
well for 15 min) . The radioactivity of each well was measured by 
/3 counting. Results were expressed in fmol per well. Scatchard 
analysis [14] was used to determine the number of receptor sites 
per cell and the dissociation constant (Kd). Each point of every 
Scatchard plot was carried out in quadruplicate or sextuplicate; 
the coefficient of variation was less than 10%. Cells were counted 
in three wells run in parallel, resuspended in 200 ~1 PBS at room 
temperature and counted with a haemocytometer. The validity 
of the Scatchard plot was verified by linear regression. We 
considered that there was significant binding for a given cell line 
when the difference between specific binding and non-specific 
binding was equal or higher than three times the standard 
deviation of the radioactivity counting. We considered a high 
affmity site for E2 when the Kd value was below 1 X 10e9 moY1. 

Cell cultures 
Two melanoma cell lines were cultured: CAL1 which was 

showntobeER+ andCAL7,ER-. 
Cells were routinely cultured in a humidified incubator 

(Sanyo, Tokyo, Japan) at 37°C in an atmosphere comprising 8% 
CO2 in air. Cells were grown in DMEM supplemented with 10% 
FBS, penicillin (50 000 U/l), streptomycin (86 pmoY1) and L- 

glutamine (2 mmol/l). Cells were grown in 96-well microtitration 
plates with flat bottoms. TMX concentrations tested were 
5 x lO-‘j and 5 x lo-’ moY1,40H TMX concentrations tested 
were 5 x lo-’ and 5 x 10-s maul. Fifteen fotemustine concen- 
trations were tested between 2.5 and 2.5 x lo3 PmolA. The 
drug concentrations tested and the concentrations described in 
treated patients [15,16] were overlapping. Cells were exposed 
for 5 days to three different drug sequences (Sanyo, Tokyo, 
Japan): (i) Fote 2 h and then anti-oestrogens (TMX or 40H 
TMX) for 120 h ; (ii) anti-oestrogens 60 h then Fote 2 h and 
again anti-oestrogens for 60 h and finally, (iii) anti-oestrogens 
for 120 h then Fote for 2 h. In addition, drugs were tested alone 
: Fote for 2 h, anti-oestrogens for 120 h. 

Evaluution of cytotoxicity 
The cytotoxic effects of the drugs tested alone or according to 

the above described combinations were assessed using the 

MTT semi-automated method [ 171. For all the experimental 
conditions, the MTT test was conducted 5 days after the cells’ 
exposure to Fote, whatever the sequence tested. Results were 
expressed as the relative percentage of absorbance as compared 
with that in untreated controls. Absorbance was set at 540 nm 
and was measured on a Titertek Twin reader. Each experimental 
point was determined in sextuplicate. For all experiments, the 
coefficients of variation ranged between 3 and 10%. ICY,, was 
defined as the Fote concentration inhibiting 50% of the cell 
growth as compared with that in cells exposed to an&estrogens 
only. All experiments were conducted in duplicate within a 2-3- 
week interval. 

RESULTS 
Among the nine different human melanoma cell lines which 

were screened for their ER cellular content, only the CAL 1 cell 
line showed significant ER expression, having two families of E2 
binding sites (Fig. 1): one family with high affinity binding sites 
(Kd = 0.039 nmoY1,2573 sites/cell) and the other one with low 
affinity binding sites (Kd = 12.5 nmoY1,74 700 sites/cell). 

Figure 2 illustrates the different growth inhibition patterns for 
CAL 1 ER+ cells resulting from the tested drug combinations. 
There was a growth inhibitory effect induced by the anti- 
oestrogens given alone (data not shown). Globally, the presence 
of the ant&estrogens resulted in higher cytotoxic effects than 
when cells were exposed to Fote alone. The data for the CAL 7 
ER- cells are shown in Fig. 3. In comparison with CAL 1 ER+ 
cells, the presence of anti-oestrogens did not markedly influence 
the cytotoxic effect of Fote on CAL 7 ER- cells. Unlike CAL 1, 
there was no growth inhibitory effect for CAL 7 induced by the 
anti-oestrogens used alone (data not shown). Table 1 summarises 
all the data resulting from duplicate experiments on CAL 1 and 
CAL 7 cell lines. Considering the CAL 1 ER+ melanoma cell 
lines, the lowest lcso Fote values as compared to Fote alone were 
generated by the sequences with the anti-oestrogens adminis- 
tered before Fote (P < 0.05). It is worth noting that these 
associations with ant&estrogens enabled the lcso values of Fote 
to be reduced by up to 80%. For both anti-oestrogens tested, 
there was no significant difference in the Fote lcso values when 
comparing the two doses which were tested. Globally, TMX and 
40H TMX had similar synergistic effects when combined to 
Fote, keeping in mind that 40H TMX was used at one log 
concentration range below TMX. As already apparent from the 
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Fig. 1. Scatchard aaalysis of E2 binding ia CAL 1 melanoma cell line. 
Solid circles, high afkity biding sites; open squares, low afkity 
binding sites; r, linear coefficient of correlation. For methodological 

details see Material and Methods. 
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Fig. 2. Dose-response curves for Fote on CAL 1 ER+ cells. Upper Fig. 3. Dose-response curves for Fote on CAL 7 ER- cells. Upper 
panel shows drug sequence aoti-oestrogens followed by Fote. The panel shows dxug sequence anti-oestrogeos followed by Fote. The 
middle panel shows an&estrogens followed by Fote then aati- middle panel shows anti-oestrogens foilowed by Fote then aoti- 
oestrogeos. The bottom panel shows Fob followed by anti-oestro- oestrogeos. The bottom panel shows Fote followed by anti-oestro- 
geas. Dpeo squares, Fote alone; open triangles, Fote plus TMX geos. Dpeo squares, Fote alone; open triangles, Fote plus TMX 
5 x lo-’ mofl; closed triangles, Fote plus TMX SX 10T6 mom, open 5 x lo-’ moyl; closed triangles, Fote plus TMX 5 X lo-& moV1; 
diamonds, Fote plus 4OH ThIX 5 x lo-* moyl; closed diamonds, open diamonds, Fote plus 4OH TMX 5 x lo-* mol/l; closed dia- 

Fote plus 40H TMX 5 x lo-’ moVl. moods, Fote plus 4DH TMX 5 x lo-’ mol/l. 

dose-effect curves shown in Fig. 3, the Fote ICKY values given in 
Table 1 confirm that both TMX and 40H TMX had a modest 
influence on Fote cytotoxic effects against CAL 7 ER- cells. 

DISCUSSION 
This study shows that the combination of the anti-oestrogens 

TMX and 40H TMX with the nitrosourea fotemustine leads to 
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synergistic cytotoxic effects on human melanoma cell lines. The 
therapeutic benefit gamed by combining TMX and chemo- 
therapy in the treatment of advanced malignant melanoma has 
already been demonstrated. For instance, promising data were 
shown for a cisplatir-TMX combination [ 181, and more 
recently, when TMX was given in association with dacarbazine 
[ll]. The synergistic anti-tumour effects of the combination 
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Table 1. Evolution offotemustine ICKY values (pmolll) according to the different associutkms with anti-oestrogens 

Drug combinations (first experiment) Drug combinations (second experiment) 
(I) (II) (III) (I) (II) (III) 

T+F T+F+T F+T T-*F T+F-+T F+T 
F 40HT 40HT 40HT 40HT F 40HT 40HT 40HT 40HT 

CAL 1 ER+ 
T 5 X 10-7moYl 

5 X 10-6moVl 
40HT 5 X lo-*mol/l 

5 X 10-7moV1 

CAL 7 ER- 
T 5 X lo-‘moVI 

5 X lo+ mol/l 
40HT 5 X 10-s moYl 

5 X lo-‘mol/l 

79.3 
27.8 (66) 
36.1 (55) 
27.7 (65) 
14.9 (81) 

273.4 
267.2 (2 ) 
274.9 (0) 
272.9 (1) 
277.1 (0) 

120 
22.3 (72) 27.1 (66) 
18.6 (77) 22.3 (72) 
15.3 (81) 28.6 (64) 
21.6 (73) 30.5 (62) 

380 
276.5 (0) 306.4 (0) 
292.5 (0) 320.1 (0) 
258.1 (5) 286.5 (0) 
308.4 (0) 287.2 (0) 

62.7 (48) 
86.9 (28) 
95.9 (20) 
64.1 (47) 

281.6 (25) 
382.8 (0) 
339.2 (10) 
317.6 (16) 

92.2 (23) 
46.5 (61) 
95.2 (21) 
80.3 (33) 

346.2 (9) 
342.3 (10) 
336.3 (11) 
328.9 (13) 

71.3 (41) 
72.9 (39) 

9.6 (25) 
49.3 (59) 

383.2 (0) 
416.3 (0) 
375.8 (1) 
395.9 (0) 

T, TMX; 40HT, 40H TMX; F, Fote; df, degrees of freedom; NS, non-signilicant. Numbers in parentheses are the percentage of I& reduction. 
In each case, ICKY values were determined as a function of the initial cell survival without Fote, which takes into account the growth inhibitory effect 
induced by the ant&estrogens alone. For details concerning the experimental conditions see the Material and Methods section. Statistics: the 
statistical test used was the t-test for paired samples. Ant&estrogen concentrations effects (all experimental conditions tested): TMX 5 x lo-’ vs 
5 x 10-6mol/l, t = 1.26,df = 11,NS. 40HTMX5 x lo-*vs. 5 x lo-‘moY1, t = 0.61,df = 11,NS. Drugcombinationeffects(allexperimenta1 
conditions tested): I vs. II, t = 0.48, df = 16, NS. I vs. III, t = 2.48, df = 16,0.02 < P < 0.05. II vs. III, t = 2.38, df = 16,0.02 < l’ < 0.05. 

TMX-cisplatin on human malignant melanoma cells was 
recently confirmed and was shown to be independent of ER 
expression in these cells [ 191. 

The present data confirm the relatively low frequency of ER 
expression in human melanoma [4], since among nine different 
tumours screened only one expressed a significant presence for 
ER. We disagree with the views of previous investigators who 
consider the ER expression in melanoma cell lines as a technical 
artefact [20]. The Kd value we found (0.039 nmohl) in CAL 1 
cells is proof of high affinity sites; it must be acknowledged that 
the absolute number of sites per cell (2573) is 10 times lower 
than that which we previously found in the classic human breast 
cancer MCF 7 cells [2 11. Despite this relatively low level of ER 
expression in CAL 1 cells, it was possible to demonstrate a 
specific anti-proliferative effect of the anti-oestrogens TMX and 
40H TMX on these cells. Also, the presence of ER was the 
determining factor for a synergistic interaction between the anti- 
oestrogens and the nitrosourea tested. The ER-mediated effects 
of the anti-oestrogens is strengthened by the fact that 40H 
TMX, used at one log concentration below TMX, exhibited 
similar synergistic effects to TMX; 40H TMX is the most 
potent ant&estrogen, and we have previously shown its affinity 
for ER, which is close to that of oestradiol, and 200 times 
stronger than TMX [ 161. Considering the clinical application of 
the present observations, human melanoma expressing ER is the 
most likely to exhibit a therapeutic benefit when combining 
TMX and nitrosoureas. Although caution must be taken when 
extrapolating data from the bench to the clinic, significant 
therapeutic effects can be anticipated since the association with 
anti-oestrogens allowed the lcsO values of Fote to be reduced up 
to 80%. It is not easy to describe the pharmacological origin of 
the synergistic cytotoxicity observed in ER+ melanoma cells 
when combining the anti-oestrogens and nitrosourea. 
Nitrosoureas are preferentially active against cells in the Gl 
phase of the cell cycle [22]. One of the major cellular effects of 
TMX is to synchronise cells in the Gl stage of the cell cycle [23]. 
Thus, one possible explanation could lie in ER-mediated cell 
synchronisation by anti-oestrogens, allowing an optimal, sub- 

sequent cytotoxic effect of the nitrosourea on CAL 1 ER+ cells. 
This view concurs well with the fact that the most marked 
synergies were observed when anti-oestrogens were used before 
Fote. Other cellular targets, different from ER, may also explain 
the different behaviours of CAL 1 and CAL 7 towards the drug 
combinations tested. These targets may include the cellular 
membrane itself, whose structure may be altered at TMX 
concentrations in the micromolar range [24], and within the cell, 
the so-called type II oestrogen binding sites, whose interaction 
with TMX was shown to result in synergistic effects with 
cisplatin [lo]. 

The presence of elevated concentrations of TMX has been 
shown in brain metastasis [25]. Fotemustine, due to its very 
good octanol-water partition coefficient, has a particularly high 
diffusion capacity in the cerebrospinal fluid [IS]. Brain meta- 
static diffusion of human melanoma cells is a frequent compli- 
cation of malignant melanoma which significantly compromises 
patient survival. This clinical situation could be particularly 
indicated to evaluate the drug combination presently described. 
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Acute Effects of Growth Factors on T-47D Breast 
Cancer Cell Cycle Progression 

Elizabeth A. Musgrove and Robert L. Sutherland 

Growth factors play a major role in the control of human breast cancer cell proliferation but their acute effects on 
cell cycle progression have not been well studied in these cells. T-47D cells, growth-inhibited by serum 
deprivation, were induced to re-enter the cell cycle in a concentration- and time-dependent manner by addition of 
insulin, insulin-lihe growth factor (IGF)-I, epidermal growth factor (EGF), transforming growth factor a (TGFa) 
or basic fibroblast growth factor (BFGF). After a lag of -10 h semi-synchronous entry into S phase was observed. 
The relative potencies of maximal concentrations of growth factors were in the order: insulin 2: IGF-I = bFGF > 
TGFa > EGF, identifying bFGF as among the most potent mitogens for these cells. Insulin or IGF-I alone 
resulted in growth rates comparable with those observed in fetal calf serum. These data demonstrate that single 
growth factors can induce a signilicant proportion of T-47D cells to traverse the cell cycle. The ldnetics for entry 
into S phase were similar, indicating that the basis of differential sensitivity to the growth factors tested was the 
proportion of cells that responded and ultimately entered S phase. 
EurJ Cancer, Vol. 29A, No. 16, pp. 2273-2279,1993. 

INTRODUCTION 
BREAST CANCER cell lines respond not only to steroid hormones, 
but also to a wide range of peptide hormones and growth factors 
[l-3] and thus provide an experimental model in which the 
actions of a variety of mitogens can be studied. Members of the 
epidermal growth factor (EGF)/transforming growth factor a 
(TGFa) and insulin/insulin-like growth factor-I (IGF-I) family 
have been widely investigated using these cells, a reflection of 
the major role these growth factors are thought to play in the 
overall regulation of proliferation of breast cancer cells. Indeed, 
some of the earliest studies using breast cancer cells in tissue 
culture documented growth stimulation by insulin and EGF [4, 
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51. However, there is evidence that other, less well-studied 
growth factors are important in aspects of normal breast and 
mammary gland development, as well as in the initiation or 
progression of tumours. For example, mammary epithelial cells 
respond to several fibroblast growth factor homologues [4-g]. 
Proliferation of MCF-7 and T-47D human breast cancer cells is 
also stimulated by both acidic fibroblast growth factor (aFGF) 
and basic fibroblast growth factor (bFGF) [9, lo], although 
other studies have found no effect, even in the absence of other 
mitogens [ 111. 

Despite the diverse growth factors to which responses have 
been recorded, relatively few studies have directly compared the 
effects of a range of growth factors on breast cancer cell 
proliferation. It is clear, however, that the degree of response 
differs between growth factors. For example, in one publication 
EGF, TGFcl and bFGF promoted fewer cell population doub- 
lings of MCF-7 and T-47D cells than did insulin or IGF-I [9]. 
Similarly, another study using MCF-7 cells found insulin to be 


