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Binding Sites of Droloxifene in the Cytosol of 7,12-Dimethylbenz[ a]anthracene-

induced Rat Mammary Tumor Cells
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The binding sites, other than the estrogen receptor (ER), of the antiestrogens droloxifene (DROL,
(E£)-a-[p[2-(dimethylamino)ethoxy]-phenyl]-a "-ethyl-3-stilbenol) and tamoxifen (TAM), and estra-
diol-178 (E;) in the cytosol of 7,12-dimethylbenz[ a]anthracene-induced rat mammary ER-positive
tumor cells were studied vsing a high-performance liquid chromatography (HPLC) gel filtration
assay. The cytosol was incubated with *H-labeled drug with or without unlabeled drug, and separated
by HPLC gel filtration. *H-E; produced two major peaks of radioactivity at fractions No. 40 and No.
70. The peak at fraction No. 70 was identified as the ER in an ER-enzyme-immuno assay. This peak
was dose-dependently inhibited by unlabeled DROL or TAM, DROL being a more potent inhibitor
than TAM. The peak at fraction No. 40 was also inhibited by co-incubation with unlabeled DROL or
TAM. *H-DROL or *H-TAM provided only one peak at fraction No. 43. This peak was thought to be
an antiestrogen binding site (AEBS), becanse it was inhibited by unlabeled antiestrogen but not by E;.
The results suggest that the antiestrogens DROL and TAM have a higher affinity for the AEBS than
for the ER in the absence of E;, while in the presence of E; both have an affinity for the ER and inhibit

E; binding to the ER.
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The antiestrogen tamoxifen (TAM) has been widely
used in the treatment of estrogen receptor (ER)-positive
breast cancer and has achieved great success in prolong-
ing the recurrence-free duration and survival time."®
TAM is thought to act by inhibiting the binding of
estrogen to the ER in tumors.*® On the other hand,
inhibition of protein kinase C and antagonism to calmo-
dulin are also reported to be involved in the antitumor
effect.” ® Therefore the pharmacological actions of TAM
are extremely complex and may not all be explicable in
terms of interaction with the ER. Moreover, in addition
to the ER, the presence of another specific binding site
for TAM, but not for estradiol-178 (E;), has been
demonstrated; it has been termed the antiestrogen bind-
ing site (AEBS).” ' AEBS are observed in most estrogen
target tissues™'®'"'® and compounds with a higher
affinity for the AEBS have more potent antiproliferative
effects on breast cancer cells.!*'® Thus, some of the
antitumor activity of TAM may be mediated by AEBS
in the tumors., Therefore it is important to examine the
binding of drugs to the AEBS, as well as to the ER.

Droloxifene (DROL, (E)-a-[p-[2-(dimethylamino)-
ethoxy]-phenyl]-a -ethyl-3-stilbenol) is a new derivative
of TAM with stronger antiestrogenic and weaker es-
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trogenic activities than TAM.*?% In a previous study,
we showed that DROL inhibited the growth and the
initiation of 7,12-dimethylbenz[¢]anthracene (DMBA)-
induced rat mammary tumors and that the binding
affinity of DROL for the ER in the mammary tumors
was stronger than that of TAM in the dextran-coated
charcoal (DCC) assay.” The DCC assay is the most
commonly used technique for the determination of the
binding affinity of a drug for the ER.***® However, in
the DCC assay, it is only possible to determine the com-
petitive binding between antiestrogens and labeled E,, but
not the individual proteins to which each antiestrogen
drug binds. Since the purpose of this study was to ex-
amine the binding affinity of drugs for the ER and the
AEBS, it was necessary to analyze each binding protein
separately. Thus, high-performance liquid chromatogra-
phy (HPLC) gel filtration assay was chosen instead of
the DCC assay, because the binding proteins can be
examined separately in the HPLC assay* and the bind-
ing affinity of a drug for each protein can be determined
easily by comparing the peak areas.

In this study we investigated the binding sites, other
than ER, of DROL, TAM and E, in the cytosol of
DMBA-induced rat mammary tumor cells using HPL.C
gel filtration assay, and established that the antiestrogens
DROL and TAM have a binding affinity for different
proteins depending on the presence or absence of E,.

639



Jpn. J. Cancer Res. 85, June 1994

MATERIALS AND METHODS

Chemicals DROL and TAM were provided by Klinge
Pharma GmbH (Munich, FRG). Both drugs were used
as the citrate salt form. DMBA was purchased from
Tokyo Kasei Kogyo Co. (Tokyo) and E,, from Sigma
Chemical Co. (8t. Louis, MO, USA). The gel filiration size
marker proteins, blue dextran 2000, catalase, bovine serum
albumin and ribonuclease A from Pharmacia (Uppsala,
Sweden). [6,7-*H]Estradiol-1743 (1576.2 GBq/mmol, *H-
E,) and [N-methyl-’H]tamoxifen (3059.9 GBq/mmol,
*H-TAM) were from New England Nuclear Research
Products (Boston, MA, USA). [N-methyl-*H]Droloxi-
fene (3120 GBg/mmol, *H-DROL) was prepared by
Amersham Japan (Tokyo). DROL, TAM and E; were
prepared at 10 mM concentrations in dimethyl sulfoxide
and diluted with the mobile phase buffer. DMBA was
dissolved at a concentration of 20 mg/ml in sesame oil.
Animals and mammary tumors Female Sprague-Dawley
rats were purchased from Japan SLC, Inc. (Shizuoka).
DMBA (20 mg) was given p.o. to rats (7 weeks old).
About 100 days after the administration of DMBA, rats
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with mammary tumors were ovariectomized. Four days
later they were killed and their tumors were removed.
The tumors were proven to have a high ER content by
receptor assay, as reported previously,”®

Preparation of cytosol of DMBA-induced mammary
tumors The tumors were homogenized in Tris-EDTA-
dithiothreitol (TED) buffer (10 mM Tris/HCl, 1.5 mM
EDTA, 0.5 mM dithiothreitol, 10% glycerol, pH 7.4),
and then centrifuged at 105,000¢ for 1 h to obtain the
cytosol as the supernatant.

Analysis of binding sites of DROL, TAM and E; in
DMBA-induced mammary tumors One hundred and
fifty ¢l of the cytosol (protein content: 9.8 mg/ml) of
DMBA-induced mammary tumors was incubated with
10 nM *H-labeled drug (75 ¢1) in the presence or absence
of unlabeled drug (75 g1) at 4°C for 18 h and then
subjected to HPLC gel filtration. The HPLC system
consisted of a pump (Hitachi 655 liquid chromatograph),
a detector (Toyo Soda U.V. 8000) and a Hitachi 833A
data processor. The column was reverse-phase TSK gel
G3000 SWx, (Tosoh, Tokyo) with a 4 cm SWy guard
column packed with the same material. The mobile phase
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Fig. 1. Binding of *H-E, in the cytosol of DMBA tumors (A) and the competition of E; (B), DROL (C) and TAM (D). The
cytosol of DMBA-induced mammary tumors was incubated with 10 nM H-E, in the presence or absence of unlabeled drug at
4°C for 18 h, then analyzed by HPLC. Arrows show the elution positions of marker proteins; blue dextran 2000, catalase,
bovine serum albumin and ribonuclease A (left to right).
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consisted of 0.05% sodium azide and 0.1 M sodium
sulfite in 0.1 M phosphate buffer, pH 6.7; flow rate 0.9
ml/min. One hundred and fifty ul of the sample was
injected into the HPLC system and the eluate was auto-
matically collected every 10 s using an Atta mini collec-
tor (8J1410NC). The radioactivity of the eluates col-
lected was measured in a Packard Tri-Carb TR1900CA
liguid scintillation analyzer. Marker proteins were sepa-
rated in the same way and the absorbance of each eluate
was determined at 280 nm.

Measurement of ER level The cytosol of DMBA-
induced mammary tumors was separated and fraction-
ated in the same way as above and the ER content of each
fraction was measured uwsing an ER-EIA kit (Abbott
Laboratories).”"*® Briefly, the fraction (1001} was incu-
bated with polystyrene beads ceated with an antibody
(rat anti-human ER, D547). The beads were next in-
cubated with the second antibody (rat anti-human ER,
H222) conjugated with horseradish peroxidase. Follow-
ing incubation and subsequent washing steps the concen-
tration of horseradish peroxidase was determined using
diaminobenzidine and H;(0.. The ER content in each
fraction was calculated from a reference standard curve.

RESULTS

Binding of *H-E, Following incubation of the cytoscl
with *H-E; in the presence or absence of unlabeled drug,
the complex was separated by HPLC gel filtration assay,
and the radioactivity of each eluate was counted. As
shown in Fig. 1A, the incubation of the cytosol with 10
nM *H-E, alone resulted in two major peaks at fractions
No. 40 and 70. The unbound radioactive drug formed a
large peak that was eluted after fraction No. 80. This was

100 b
]
S sof
2
£ L
£
=
@ 401
o
(]
& 20p

o . . .

0 0.1 1 10 100

Drug Concentration (M)

Fig. 2. Inhibitory effects of DROL (®) and TAM (C) on
the peak at fraction No. 70 of bound *H-E,. The cytosol was
incubated with 10 nM *H-E; in the presence of 10- to 10,000-
fold excess of unlabeled drug and analyzed. The inhibition of
the peak at fraction No. 70 was compared by measuring the
peak areas. Each point represents the mean of 2 experiments.
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confirmed by HPLC gel filtration of *H-E, alone, without
the cytosol. Both peaks at fractions No., 40 and 70 of
bound *H-E, were suppressed by co-incubation with un-
labeled 1 u M E; (Fig. 1B). Co-incubation with unlabeled
I uM DROL (Fig. 1C) or 10 uM TAM (Fig. 1D)
resulted in a reduction in the peaks at fractions No. 40
and 70. Next the inhibitory effects of DROL and TAM
on the peak at fraction No. 70 were examined by measur-
ing the peak areas (calculated from the height and width
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Fig. 3. Binding of ’H-DROL in the cytosol {A) and the
competition of E; (B) and TAM (C). The cytosol was in-

cubated with 10 nM *H-DROL in the presence or absence of
unlabeled drug, and then analyzed by HPLC.
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of the peak). As shown in Fig. 2, DROL and TAM
dose-dependently inhibited this peak, the effect of DROL
being stronger than that of TAM.

Binding of *H-DROL Next the binding of *H-DROL
was examined. As shown in Fig. 3A, the incubation with
10 nM *H-DROL resulted in one sharp peak at fraction
No. 43 and no peak at fraction No. 70. This peak at
fraction No. 43 was completely or partially inhibited by
co-incubation with unlabeled 1 M DROL (data not
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Fig. 4. Binding of "H-TAM in the cytosol (A} and the com-
petition of E, (B) and DROL (C). The cytosol was incubated
with 10 nM *H-TAM in the presence or absence of unlabeled
drug, and then analyzed by HPLC.
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shown) or 10 4 M TAM (Fig. 3C), but was unaffected by
co-incubation with unlabeled 1 zM E; (Fig. 3B).
Binding of *H-TAM The binding of *H-TAM was also
investigated. As shown in Fig. 4A, incubation with 10
nM *H-TAM also gave a peak at fraction No. 43, but the
peak was low and rounded. This peak was completely
eliminated by co-incubation with unlabeled | uM TAM
(data not shown) and 1 g M DROL (Fig. 4C). Co-
incubation with unlabeled 1 z M E; did not affect the peak
(Fig. 4B).

ER assay In order to determine the point at which the
ER was eluted, the fractions separated by HPLC were
assayed using an ER-EIA kit. An ER concentration of
more than 10 fmol/m! was accepted here as being reli-
able, since the detection limit of the ER was about 10
fmol/ml with the kit used in this study. As shown in Fig.
5, the ER was detected only around fraction No. 70,

DISCUSSION

In this study we investigated the binding sites of
DROL, TAM and E,; in the cytosol of DMBA-induced
rat mammary ER-positive tumor cells using HPLC gel
filtration. The incubation of the cytosol with *H-E, pro-
duced two major peaks of bound *H-E; at fractions No.
40 and 70 (Fig. 1A). These two peaks were suppressed
by co-incubation with 100-fold excess of unlabeled E,.
The results suggest that these proteins are the binding
sites of E,.

The peak at fraction No. 70 of bound *H-E; was found
to be the ER in an ER-EIA assay. DROL and TAM
dose-dependently inhibited this peak, the effect of DROL
being stronger than that of TAM (Fig. 2). This result
suggests that DROL and TAM bind to the ER in the
cytosol and that the binding affinity of DROL is stronger
than that of TAM. Previously, using the DCC assay, we
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Fig. 5. ER content of the HPLC eluted fractions. The
cytosol was separated by HPLC and the ER content of each
fraction was measured using an ER-EIA kit.



showed that DROL has a higher affinity than TAM for
the ER in DMBA-induced rat mammary tumor cells,??
The DCC assay allowed us to examine the inhibitory
effect of DROL or TAM on the overall E, binding to
both the ER and other proteins. However, using the
HPLC assay we could examine their inhibitory effects on
E; binding to the ER alone and we confirmed that DROL
has a stronger binding affinity than TAM.

The peak at fraction No. 40 of bound *H-E, was in-
hibited by co-incubation with DROL or TAM but was
not detected as ER in an ER-EIA assay. The ER-EIA kit
we used in this study contains two antibodies to the ER,
H222, which recognizes a site close to the estrogen-
binding domain, and D547, which recognizes a site near
the DNA binding domain.?3® It is necessary for both
antigenic determinants to be present in order to detect
the ER using this kit. Therefore, there is a possibility
that this protein at fraction No. 40 may be a complex of
the ER and another component, with only the estrogen-
binding domain being expressed, but further investiga-
tion is needed.

Next we examined the binding sites of DROL and
TAM in the cytosol of DMBA-induced rat mammary
tumors. The incubation with *H-DROL resulted in no
peak near fraction No. 70 but a sharp peak at fraction
No. 43 (Fig. 3A). *H-TAM also produced only one peak at
fraction No. 43, but the peak was low and rounded (Fig.
4A). The peak at fraction No. 43 of bound *H-DROL or
*H-TAM was inhibited by co-incubation with unlabeled
TAM or DROL, respectively, but the peaks were not
affected by unlabeled E,. These findings imply that the
protein at fraction No. 43 is different from that at fraction
No. 40 obtained with bound H-E, and may be an AEBS,
because it fulfills the criteria of an AEBS proposed by
Sutherland et al®'?; that is, it binds antiestrogens but
not E;. The existence of AEBS in the cytosol or nuclear
fractions from rat uteri, rat liver and human breast
cancer cells has already been reported.®!"'® In this
study, we showed that AEBS, in addition to the ER, may
be present in DMBA-induced rat mammary tumors and
that DROL has a binding affinity for the AEBS in these
tumors. Our previous study showed that DROL inhibited
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