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Abstract-We compared the anti-proliferative properties of 4-benzylphenoxy-N ethyl morpholine (mor- 
pho-BPE) and trifluopromazine (TFP) on both the human breast cancer cell lines, MCF,, and its 
tamoxifen-resistant variant RTx,. We found that the calm~ulin antagonist tri~uopromazine (TFP) 
which bound ABS weakly, inhibited MCF, ceil growth but did not follow the relationship observed for 
diphenylmethane derivatives between MCF,-inhibitory potencies and their K,. Regarding the tamoxifen- 
resistant RTx, cells, TFP but not morpho-BPE induced inhibition of the proliferation. Using a tritiated 
derivative of morpho-BPE, two distinct binding sites could be demonstrated. Indeed, a low affinity 
binding site was present in both cell lines whereas a high affinity binding site was mainly found in MCF, 
cells although being in lower concentration (<lo%) in RTx6 cells. Both tamoxifen and TFP displaced 
morpho-BPE from the two binding sites. The uptake and efflux of the tritiated drug were similar in the 
two cell lines. The drug did not appear to be metabolized. We concluded that TFP and morpho- 
BPE belong to distinct classes of molecules and that ABS mediates the anti-proliferative action of 
diphenylmethane derivatives but not the inhibitory effect of the c~moduIin antagonist TFP. 

Triphenylethylene anti-estrogens have been 
reported to inhibit the proliferation of mammary 
cancer cells in vitro. Moreover, one of these com- 
pounds has been currently used in the treatment of 
more than a quarter of a million breast cancers per 
year over the past decade [l]. In addition, recent 
clinical investigations have shown that tamoxifen 
(NolvadexND) is valuable in post-menopausal 
patients irrespective of estradiol-receptor status [2]. 
The mechanism of action of triphenylethylene anti- 
estrogens is thus a matter of debate. Although these 
moiecules are able to compete with estradiol (EJ on 
its own receptor (ERQ) [3-51 there is evidence to 
suggest that they may act through an estrogen-inde- 
pendent process also implicated in the regulation of 
cell proliferation. Specific intracellular anti-estrogen 
binding sites, distinct from ER, have been described 
[6]. They include calmoduhn [7], and a specific high 
affinity binding site [g-lo]: the anti-estrogen binding 
site (ABS). Diphenylmethane derivatives have no 
affinity for ER and compete with TX on ABS; they 
have been found to inhibit the growth of the human 

$ To whom correspondence should be addressed: 
MSERM U 168, C.H.U. Rangueil, 31054To~ouse Cedex, 
France. 

0 Abbreviations: ER, estradiol receptor, ABS, anti- 
estrogen binding site; CHAPS, 3-[(3-cholamidopropyI)- 
dimethylammoniol-1-propane-sulfonate; morpho-BPE, 4- 
be~lpheno~-~ ethyl mo~ho~ne; TX, tamoxifen; TFP, 
trifluopromazine; PMF, post-mitochondrial fraction; Kdr 
equilibrium dissociation constant; K,, inhibition constant 
of competing ligand. 

breast cancer MCF-, cell line [ll, 121. Their growth 
inhibitory potency was found to correlate well with 
their abilities to compete with [“Hjtamoxifen binding 
and was not reversed by estradiol [12]. ABS pre- 
dominantly localized in microsomal membranes was 
previously solubilized and its molecular mass was 
estimated to be 110,~ [13]. In the present study, 
using tritiated morpho-BPE, we measured the affin- 
ity and the number of ABS binding sites on the post- 
mitochondrial subfraction of both MCF, cells and 
RTQ, a tamoxifen resistant clone variant of MCF, 
cell line [lo]. The uptake, effiux and metabolism of 
this drug were also determined. The growth inhibi- 
tory activity of morpho-BPE was compared to that 
of the calmodulin inhibitor trifluopromazine (TFP). 

MATERIALS AND METHODS 

Chemicals 

[3H]Morpho-BPE (sp. act 2.2 Ci/mmol) was syn- 
thesized by the method of Poling et al. 1147; catalytic 
‘H/H exchange was performed on the benzyl group 
(CEA, Saclay). The radiochemical and chemical 
purity of the labeled and unlabeled compounds 
was > 99% (HPLC and TLC). Trifluopromazine 
(TFP), reagent grade, was purchased from the Sigma 
Chemical Co. (Poole, U.K.). 

Cells and culture conditions 

MCF, cells were a gift from Dr Rich (Michigan 
Cancer Foundation, Detroit) and RTx6 cells were a 
tamoxifen-resistant clone variant of MCF, obtained 
in our laboratory [lo]. The cells were routinely grown 
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Fig. 1. (A) Time course of effect of (B) TFP (lo-’ M) 
and (+) morpho-BPE (lo-’ M) on MCF, cell growth, (0) 
control is performed in absence of inhibitor. Each point is 
the mean -of three individual determinations with- <IO% 
variation. fBi Inhibitorv action of TFP flO--’ M) and mor- 
pho-BPE (ld-‘M) on MCF7 (H) and‘RTx, (9) in the 
absence or presence of Ez (lOSR M). Results are expressed 
as the percentage difference between control and treated 
cells vs control cells (mean of nine determinations in three 
different experiments with a coefficient of variation 

< 10%‘). 

at 37” in 5% COZ in 75 cm* Nunclon plastic flasks 
(Nunc) in RPM1 1640 medium supplemented with 
2 g of sodium bicarbonate per liter. 2 mM glutamine, 
human insulin 0.08 I.U./mL (pH 7.4 at 23”) and 4% 
fetal calf serum stripped of endogenous hormones. 
The RTx6 clone has remained resistant to tamoxifen 
for more than 10 years with the same karyotype as 
that of MCF, cells. For binding studies, tamoxifen 
was withdrawn from the culture medium of RTx, at 
least for 3 weeks before experiments started. 

Cell proliferation studies 

Cells in the logarithmic growth phase were plated 
in 35-mm Petri dishes (Nunclon) at a density of 
54 x lo4 cells/dish. On the following day, the 
medium was changed, and drugs stored in ethanol 
were added in the medium. Control cultures were 
grown in 0.1% ethanol. The medium was changed 
every 2 days. The inhibitory effects of the diphen- 
ylmethane derivatives have been previously analysed 
by detailed concentration studies [12]. A correlation 
between their inhibitory potencies and their li;, has 
been established at 10e5 M. Time course studies of 
growth inhibition were determined after a 5-day 
incubation period with 10-“M morpho-BPE or 
10m5 M TFP. Cell numbers were determined using a 
Coulter counter (Coultronics). 

Drug influx. Cells (3 X 10’) were plated in 175 cm2 
Nunclon plastic flasks a week before the experi- 
ments. The incubation was started by adding 
[“Hlmorpho-BPE (final concentration 7.5 x IO-” M) 
to the 30 mL culture medium. The same experiment 
was performed by adjusting the drug concentration 
to 10es M with unlabeled morpho-BPE. Cellular and 
extracellular [3H]morpho-BPE were separated by 
removing the culture medium; cells were washed 
twice with saline phosphate buffer, then lysed with 
5 mL 1 N NaOH at the indicated times. An aliquot 
of the lysate was saved for radioactivity counting. 

Drug elyfux. Cells were incubated for 30min in 
the presence of [~~]morpho-BPE under the same 
conditions as for the drug influx studies. The culture 
medium was then removed and replaced by fresh 
medium. The released and intracellular radio- 
activities were determined after 0.6. IS. 24 or 4X hr. 

Metabolism. Cells were incubated for various 
times in the presence of [“Hlmorpho-BPE, washed 
and lysed as described above. Ten mL of the culture 
medium and 3 mL of the cell lysate were treated with 
40 and 15 mL of ethanol, respectively, vortexed and 
cooled for 2 hr at -20”. The precipitated proteins 
were pelleted at 12,OOOg and the supernatant 
removed and evaporated under nitrogen. The dried 
pellet was then solubihzed in SOmM amm[~nium 
carbonate buffer (pH 9.5), and extracted twice with 
ethyl ether. At this pH, at least 98% of the radio- 
active material is in the amino form and is recovered 
in the ether phase. The solvent was dried under 
nitrogen, and the products were solubilized in 
acetonitrile/ammonium acetate 50 mM pH 5 (5O/ 
50). Using this same buffer for elution, the extracts 
were analysed by HPLC on a C,, reverse phase 
system at a flow rate of 1.5 mL/min. From each 
fraction collected (900 pL), 500..PL aliquots were 
saved for radioactivity counting. 

Binding studies 

Cells were harvested by scraping in PBS and then 
pelleted at 800 g for 10 min. Homogenization was 
carried out by sonication in a buffer containing 1 mM 
EDTA, 20 mM Tris-HCl, pH 7.4. The homogenate 
was centrifuged at 12,OOOg for 20min and the 
remaining supernatant, the so called post-mito- 
chondrial fraction (PMF), was kept for binding stud- 
ies. Bound (B) and unbound (U) morpho-BPE or 
tamoxifen were measured after incubation of 200 PL 
of PMF (1 mg protein/ml) with appropriate dried 
ligand for 16-20 hr at iF”. 3 and U were separated by 
the charcoal-dextran procedure (151. Measurements 
on microsomal CHAPS-extracts were carried out as 
described elsewhere [13]. Because tamoxifen is able 
to bind ER, all binding experiments were performed 
in presence of 5 PM 17@-estradiol. 

Scatchard analysis 

PMF from MCF;- and RTxh cells were incubated 
with increasing concentrations of ~H]morpho-BPE 
(0.5 nM-O.5 ,uM) in the absence or presence of 10 PM 
of either tamoxifen or unlabeled morpho-BPE. Satu- 
rable components of the binding were obtained from 
the difference between total and non-specific binding 
corrected by the Rosenthal method 1161. 
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Fig. 2. Scatchard analysis of [3H]morpho-BPE. (A) MCF,. 
(B) RTx,. Results are the mean of four individual exDeri- 
mints carried out in triplicate with a coefficien’t of 

variation < 5%. 

Competition studies 

The ability of ligands to compete with 
[3H]tamoxifen binding to ABS was determined by 
incubating two concentrations (l-3 nM) of 
[3H]tamoxifen for 16 hr at 4” with increasing con- 
centrations of unlabeled ligand ranging from 2.5 to 
1000 nM. The Ki values were determined from Dixon 
plots [17]. Similarly the ability of tamoxifen to com- 
pete with [3H]morpho-BPE was also determined. 

RESULTS 

Although both morpho-BPE and TFP inhibited 
the growth of MCF, cells, only TFP was active on 
RTX, cell proliferation (Fig. 1). Addition of 178 
estradiol did not modify any of these inhibitory activi- 
ties. TFP at 10m5 M induced a 42% growth inhibition 
for a Ki of 120 nM. From a previous study [12], a 
10% inhibition would have been expected for such a 
Ki if the anti-proliferative effect was ABS-mediated. 
These results indicate that the actions of morpho- 
BPE and TFP are probably not mediated through 
the same mechanism. They suggest that TFP belongs 
to a different class of molecules that do not act 
through an ABS interaction for their MCF,-inhibi- 
tory properties. 

Scatchard analysis 

[3H]Morpho-BPE displays affinity for at least two 
distinct types of binding sites (Fig. 2), being displaced 
by the unlabeled ligands, tamoxifen and TFP (data 
not shown). The high affinity binding site is about 
10 times more abundant in MCF, than in RTx6 cells. 

Fig. 3. Competition of tamoxifen (+) and morpho-BPE 
(0) for high affinity binding site of [‘H]morpho-BPE 
(10nM). Results are the mean of two individual experi- 
ments carried out in triplicate with a coefficient of 

variation < 5%. 

Its binding parameters K,, = 5.4 + 1.7 nM, B,,, = 
1.5 5 0.6 pmol/mg protein for MCF, cells (Fig. 2A); 
Kd = 4.7 * 2.0 nM, B,,, = 0.15 2 0.1 pmol/mg pro- 
tein for RTx6 cells (Fig. 2B), correspond to those 
previously determined using [3H]tamoxifen. More- 
over, the high affinity (Fig. 3) and low affinity (data 
not shown) binding sites are both competable by 
tamoxifen whereas they are not by 17B_estradiol, 
progesterone, diethylstilbestrol, dihydrotestos- 
terone and dexamethasone, up to a concentration 
of 10e5 M. Consequently, these results suggest the 
identify between this newly described site and 
ABS. 

The low affinity binding site (Kd = 450 k 75 nM, 
B max = 10 2 3 pmol/mg protein) is present to an 
equal extent in the two cell lines and is still to be 
characterized. 

[3H]Morpho-BPE uptake 

Using 7.5 x low9 M of tritiated morpho-BPE 
maximum uptake was reached after 30min and 
remained constant for 48 hr (Fig. 4A). Addition of 
increasing concentration (up to 10m5 M) of unlabeled 
ligand did not modify the uptake kinetic. This process 
appeared non-saturable and [3H]morpho-BPE 
uptake at 30 min was identical for both cell lines 
(Fig. 4B). 

Drug efjlux 

MCF, and RTxh cells were preincubated in the 
presence of 7.5 X 10m9M [3H]morpho-BPE for 
30 min and the intracellular radioactivity was deter- 
mined for the following 48 hr. Figure 5 shows that 
there was a similar decrease in [3H]morpho-BPE 
concentration in the two cell populations, demon- 
strating that the RTx, resistance was not attributable 
to a more rapid loss of the drug in these cells. 

Drug metabolism 

After incubation of MCF, and RTQ cells in pres- 
ence of [3H]morpho-BPE for 0, 30min, 6, 24 and 
48 hr, cell and medium radioactivities were extracted 
as described in Materials and Methods, and were 
then analysed by HPLC. A single peak of radio- 
activity was observed, corresponding to non metab- 
olized morpho-BPE with a retention time of 
14.5 min. The same elution profile of radioactivity 
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Fig. 4. MCF, (0) and RTx, (e) uptake of [3H]morpho- 
BPE. (A) The tritiated ligand is 7.5 X 10m9 M in the culture 
medium of both cell lines, the uptake of radioactivity is 
estimated at various times. (B) Ceils are incubated in 
the presence of increasing concentrations of the tritiated 
molecules for 30min as in (A). The radioactivity incor- 
porated in cells is determined after washing as described in 

Materials and Methods. 
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Fig. 5. Drug efflux; tbe two cell lines, MCF, (U) and RTx, 
(f%) are incubated in the presence of [3H]mo~ho-BPE 
7.5 x 10e9 M for 30 mitt, then the culture media are 
replaced by non-radioactive fresh media, and the radio- 
activity remaining in cells is estimated after various times. 

was obtained at each treatment time for both celi and 
medium extracts of the two cell lines. The recovery 
determined in each condition was 85 + 10% for cell 
extracts and 75 t 10% for medium. The incubation 
time had no influence on these recoveries, moreover, 
the same recoveries were obtained when measure- 
ments were performed with medium alone incubated 
with ~3~]morpho-BPE, Non specific complexation 
of the ligand with proteins, peptides and lipids could 
account for the loss of 25 2 10% of the radioactivity. 
This study clearly shows that the drug metabolism 
was the same for both cell lines and cannot account 
for the resistance of RT%. 

DISCL!SSION 

Although the anti-estrogen tamoxifen is a com- 
petitive inhibitor of estrogens on their own receptor, 
part of its action could also be mediated by another 
protein with high affinity for this drug which has 
been designated as ABS. This protein has been ident- 
ified as a protein of the calmodulin family by various 
laboratories [7, 181. We show here that the growth 
inhibition induced by the calmodulin inhibitor TFP 
is not mainly mediated through ABS. This was 
demonstrated by its inhibitory action on RTx, cell 
proliferation and the discrepancy between its affinity 
for ABS and its growth inhibitory effect. Using 
[3H]morpho-BPE which displays no affinity for the 
estrogen receptor, we have shown that the uptake. 
efflux and metabolism of this drug are identical for 
the MCF, and RTxh cell lines. These results strongly 
suggest that, in our conditions, ABS does not sub- 
stantiafly interfere with the pharmacokinetic of the 
drug in MCF,, and thus do not support that ABS 
could behave as a storage protein [19]. Performing 
Scatchard analysis, with either [“HJmorpho-BPE or 
[3H]tamoxifen, we confirmed our previous results 
relating that ABS is present at different con- 
centrations in the two cell lines [lo]. Moreover, the 
two ligands are able to fully displace each other on 
their binding site. However, a second binding site 
demonstrating affinity for both morpho-BPE and TX 
was observed in equal amounts in both cell lines. On 
the other hand, we have observed in a preliminary 
study that morpho-BPE treatment, decreases the 
cellular concentration of estrogen receptor and 
induces cell morphological changes. Both of these 
modifications may be relevant to an advanced step 
in cellular differentiation. We report in this paper 
that the interaction of morpho-BPE only with ABS 
is strongly correlated to its growth-inhibitory action 
on MCF, cell growth. On the contrary, TFP exerts 
its anti-proliferative activity through a mechanism 
independent of its interaction with ABS. This result 
favors the contribution of ABS in the mechanism of 
action of tamoxifen, a compound widely used for the 
endocrine treatment of breast cancer. 
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