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ABSTRACT

We have previously described an MCF-7 breast cancer cell variant,
MCF-7TAM, which is stimulated to grow in athymic mice by tamoxifen
(TAM) (M. M. Gottardis and V. C. Jordan, Cancer Res., 48:5183-5187,
1988). Earlier experiments have shown that TAM exhibits some pro
found estrogen-like effects in mice whereas TAM is less estrogenic in
the rat. The aim in these studies was to compare the ability of MCF-
7TAM to grow in different host environments and to determine whether
the TAM-stimulated phenotype could be maintained in vitro. Ovariec-
tomized athymic mice and rats were implanted with 1-nini' pieces of

MCF-7TAM tumor and treated with estradiol, TAM, or control silastic
capsules. After 9 weeks of growth in either species, TAM or estradiol-
treated groups both had sustained growth of MCF-7TAM compared with
the control groups. To determine the effects of estradiol and TAM on
immune function in athymic mice, splenocytes from treated or control
athymic mice, challenged with poly(I:C), were assayed for natural killer
(NK) cell activity against 51Cr-labeled YACÃ•target cells. Both estradiol

and TAM abolished lytic activity by 12 weeks of treatment. To evaluate
the role of a decrease in NK-cell activity in the host on growth of MCF-
7TAM xenografts we compared the growth effects in athymic and NK-
cell deficient, ovariectomized beige mice. TAM stimulated MCF-7TAM
in both beige and athymic mice; however, the tumor grew more rapidly
in control beige mice than in control athymic mice. This study demon
strated that TAM-stimulated growth could occur in vivo. However, TAM
or 4-hydroxytamoxifen did not cause a stimulation of MCF-7TAM
compared with wild-type MCF-7 cells when experiments were conducted
in vitro. These studies demonstrate that a suppression immune function
can facilitate the growth of MCF-7TAM in athymic animals. However,
additional components of the host environment contribute to TAM-
stimulated growth in vivo.

INTRODUCTION

TAM,4 a nonsteroidal antiestrogen, is the antihormonal ther

apy of choice for the treatment of breast cancer (1, 2). The
treatment regimens for adjuvant TAM therapy after mastec
tomy are becoming extended to 5 years or more (3-5) because
laboratory evidence suggests that the antiestrogen is a tumor-
istatic agent (6-8). However, it is important to build upon the
successful clinical application of this relatively (compared to
chemotherapy) nontoxic drug, and to maintain the patients for
as long as possible. Regretably, prolonged treatment regimens
with TAM may predispose the tumor to develop therapeutic
resistance. We have previously described a number of potential
mechanisms for tumors to become resistant to antiestrogen
therapy in the laboratory (9-14). It therefore becomes essential
to describe and to investigate the development of resistance to
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TAM therapy as the drug is now available to treat all stages of
breast cancer.

TAM is not a pure antiestrogen. The drug appears to have a
species-specific pharmacology in short-term tests: TAM is pre
dominantly estrogenic in mice but is less estrogenic and pre
dominantly antiestrogenic in rats and humans (1). Interestingly
enough, TAM and its metabolites inhibit the estradiol-stimu-
lated growth of MCF-7 breast cancer cells transplanted into
athymic mice (8, 15). Nevertheless, long-term therapy with
TAM results in the outgrowth of breast cancer cells that are
responsive to TAM for growth (14).

We have previously shown (16) that the growth of the TAM-
stimulated variant of MCF-7 cells, MCF-7TAM (14), can be
inhibited by less estrogenic antiestrogens. However, the fact
that the TAM-stimulated tumor is growing in a mouse host,
where the drug exhibits estrogenic properties (1), raises ques
tions about the role of the host in the growth of the tumor.

The aim of this investigation was to compare and contrast
the growth of MCF-7TAM in different environments. As pre
viously stated, TAM is less estrogenic in the rat than the mouse
(1); therefore, an initial study was undertaken to determine
whether MCF-7TAM tumors would grow during TAM treat
ment in athymic rats. However, one important aspect of
athymic animals is that they retain NK cell activity (17, 18).
Estrogens lower NK cell activity in mice (19, 20); therefore, we
believed it was possible that TAM (an estrogen?) could lower
NK cell activity to promote MCF-7TAM growth indirectly.
Beige mice have selectively impaired NK cell function (21), so
that if TAM-stimulated growth of MCF-7TAM was only de
pendent upon a modulation of NK cells in athymic mice, no
additional TAM-stimulated growth would occur compared with
controls. Finally, the direct effects of estradiol, TAM, or its
metabolite, 4-hydroxytamoxifen, were determined on MCF-
7TAM cells in vitro.

MATERIALS AND METHODS

The TAM-stimulated breast cancer tumor, MCF-7TAM, was devel
oped in athymic mice from an MCF-7 tumor failing TAM therapy (14).
This tumor was subsequently maintained by passaging in ovariecto
mized athymic mice implanted s.c. with 5-mg TAM pellets (custom-
made by Innovative Research of America, Toledo, OH). All tumors
used in these experiments were derived from in vivo passage 6.

Ovariectomized BALB/c 4-5-week-old athymic mice, 4-5-week-old
beige Hsd:NlHS-hg/nu/xid mice or Hsdrathymic nude rat (rnu) (Spra-
gue-Dawley, Indianapolis, Indiana) were implanted s.c. in the axillary
mammary fat pads with 1-mnr' pieces of tumor as previously described

(14).
Hormone Treatments. Silastic capsules used in the experiments were

made from Silastic tubing (Dow Corning, Midlands, MI) 0.078" inside
diameter by 0.125" outside diameter out to a 2.0-cm size and filled
with TAM-free base (ICI Americas, Wilmington, DE) and ends plugged
with Silastic Cement (Dow Corning). Estradiol capsules were cut to a
1.0-cm size and filled with a matrix consisting by weight of three parts
Silastic Medical Grade Elastomer (Dow Corning) and one part estradiol
(Sigma Chemical, St. Louis, MO). All capsules were sterilized by 7-
irradiation.

ER and TAM Determinations. Tumors excised from animals were
freshly homogenized in high salt (0.4 M KC1) buffer as previously
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described (14). MCF-7 cytosols were incubated with various concentra
tions of HT or TAM at 4Â°Cfor 2 h, then assayed following the protocol

outlined in a monoclonal estrogen receptor assay kit (Abbott Labora
tories, North Chicago, IL).

Tumor cytosols were assayed for TAM and metabolites by extracting
0.5 ml in 2.5 ml of hexane:amyl alcohol (98:2), drying down samples
under nitrogen and redissolving in HPLC mobile phase. Samples were
assayed using an HPLC method previously described (22).

Tumor Measurements. Tumor measurements were performed weekly
using calipers. Cross-sectional tumor area was calculated using the
formula

/ H-

Preparation of Mouse Spleen Cells for Cytotoxicity Assay. Ovariec-
tomized athymic mice (4-5 weeks old) were treated with TAM 2.0 cm,
estradiol 1.0 cm, or placebo silastic capsules and sacrificed at 1,4, 6,
or 12 weeks. Twenty-four h prior to sacrifice, mice were treated with
an injection of 100 iig/0.1 ml i.p. of poly(I:C) (Miles Laboratories,
Napaville, IL) dissolved in isotonic saline which was reannealed by
heating at 70Â°C,then cooled.

After sacrifice, spleens and uteri were excised from animals and
uterine wet weight was noted. Spleens were placed in RPM1 media
containing 25 mivi HEPES, 2 mM glutamine, 50 mg/liter gentamicin,
and 10% fetal bovine serum (Hyclone, Logan, UT). Spleen cells were
disaggregated mechanically from spleen capsules and treated for 5 min
with Gey's hemolytic solution (23). Cells were washed three times with
RPMI and incubated on a scrubbed nylon wool column for 1 h at 37Â°C

as described by Julius et al. (24). Nonadherent splenocytes were col
lected and quantitated using hemocytometer counting.

YAC-1 mouse lymphoma target cells (ATCC; Rockville, MD) were
labeled with 50 n\ of 5 mCi/ml 5lCr (New England Nuclear; Boston,

MA) for 90 min. The addition of 2000 target cells per well resulted in
a maximum release value of between 5,000 and 10,000 cpm in 3%
Triton X-100 (Sigma, St. Louis, MO) detergent-treated microwells.
Different effector cell (splenocytes) to target cell (YAC-1) (E:T) ratios
(100:1, 50:1, 25:1, 12.5:1, 6.25:1, and 3.125:1) were completed in
quadruplicate in 96-well microtiter round-bottom wells (Costar, Cam
bridge, MA). Effector spleen and YAC-1 target cells were incubated for
4 h at 37Â°Cand harvested using a Titertek supernatant collection

system (Skatron, Lier, Norway). Wells were included to determine the
spontaneous release of 51Crfrom labeled YAC-1 cells. Filter plugs were

collected and the radioactivity determined with a gamma counter. Lytic
units/IO7 cells at 20% Cytotoxicity were calculated from the equations

developed by Pross (25).

^cpm = â€”¿�â€”(maximum release â€”¿�spontaneous release)
1UU

(1 â€”¿�e~At)+ spontaneous release

where x is the E:T ratio, K is a rate constant, and A is the maximum
attainable percentage lysis. The parameters A and A'are estimated using

nonlinear least squares analysis after transferring both sides of the
equation to the log scale. LU are not defined when A is estimated to be
less than 20% lysis. In these situations, an appropriate LU value was
calculated by fixing A at 21 % lysis. The formula for measuring LU in
20% Cytotoxicity in IO7cells was

LU IO7
IO7 effector cells -'Â»*('-?) Targets per well

Thus, one LU is defined as the number of effector cells required to
cause 20% specific 5'Cr release.

Tissue Culture Experiments. MCF-7 cells were obtained from ATCC
(Rockville, MD) and were used in these experiments at passage 145.
MCF-7 wild-type cells were maintained in MEM media with 100 units
penicillin/streptomycin/ml, 6 ng insulin/ml, 25 mM HEPES, and 10%
calf serum (GIBCO) at 37Â°Cunder 5% CO2 conditions as previously

described (12). MCF-7TAM cells were obtained by mechanically dis
persing MCF-7TAM tumors under sterile conditions. The cells were

maintained in MEM (without phenol red indicator; Sigma) with 10%
charcoal-stripped serum and HT 10~' M (ICI Americas). Cells were
plated at 2.5 x IO4per well in 24-well dishes for all experiments. Before

plating cells, HT was removed by maintaining cells in MEM (without
phenol red indicator) media and 10% charcoal-stripped serum for 7
days with daily media changes. Compounds estradiol (Sigma), TAM or
HT were dissolved in 100% cilia no I and added to media in a volume of
0.1% ethanol. Ethanol alone was added to control. Media were changed
daily in all experiments. At the end of experiments, cells were disrupted
in 0.1 x HBSS using sonication.

DNA determinations were made using a Hoechst 33258 (Calbi-
ochem-Behring; LaJolla, CA) fluorescent dye assay as previously de
scribed (26) and DNA levels reported as ng DNA/ml.

Statistical Analysis. Differences in mean tumor area, DNA content,
uterine wet weight, or LU between groups were measured using analysis
of variance followed by unpaired Student's t test.

RESULTS

TAM-stimulated Growth of MCF-7TAM Tumors in Athymic
Mice and Athymic Rats. In the first set of experiments, we
determined whether MCF-7TAM tumors could be stimulated
to grow in the athymic rat as well as the athymic mouse. Parallel
sets of athymic rats and mice were transplanted with the same
MCF-7TAM tumor. After 9 weeks of treatment, 2.0-cm TAM
capsules produced a sustained tumor growth to a mean area
size (Â±SEM)of 0.75 Â±0.14 cnr (n = 12) in the athymic mouse
(Fig. IA), but only minimal growth was observed in untreated
control animals. Estradiol stimulation with a 1.0-cm capsule
produced similar growth during the 9 weeks of the experiment.
The mean tumor area (Â±SEM) after 9 weeks of estradiol was
0.5 Â±0.04 cm2.

A similar growth pattern for MCF-7TAM tumors was ob
served in the athymic rat (Fig. \B). Tumor size increased to
0.74 Â±0.06 cm2 with TAM while there was again no sustained

growth in control animals. Estradiol also stimulated MCF-
7TAM tumors to grow to a mean area size (Â±SEM)of 0.54 Â±
0.05 cm2 during the 9-week experiment. Thus, despite the
known estrogen-like pharmacology of TAM in the mouse, the
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Fig. I. Growth of MCF-7TAM tumors (mean Â±SE) (n = 12) in athymie mice
(A) or athymic rats (B). O, animals treated with placebo capsules; D, animals
treated with estradiol 1.0-cm capsules; â€¢¿�,animals treated with TAM 2.0-cm
capsules.
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MCF-7TAM tumor could be stimulated to grow with TAM in
a host (the rat) where TAM is known to be less estrogenic.

Measurement of ER and TAM Content from MCF-7TAM
Tumors. We have previously noted that MCF-7TAM tumors
were ER positive (14). We believed it was important to confirm
that MCF-7TAM was still ER positive in the current passage
(determined at Week 10 of the previous experiment; Fig. IA).
Athymic mice, treated with estradici or TAM, were sacrificed
and tumor cytosols prepared (see "Materials and Methods").

Tumor cytosols from TAM-treated animals which were ex
tracted and analyzed by HPLC contained <1 ng/ml (3 HM) of
TAM. ER levels of MCF-7TAM tumors treated with TAM
were 201 Â±20 fmol/mg of protein (mean Â±SE; n = 8), while
ER levels of animals treated with estradiol were significantly
lower (P < 0.001), 35 Â±3 fmol/mg of protein (mean Â±SE; n
= 8), respectively.

A recent report (27) has demonstrated that antiestrogens can
affect the binding of monoclonal antibodies to ER. We therefore
determined the level of TAM and HT which would increase ER
levels as measured by the monoclonal antibody kit. MCF-7
wild-type cytosols were incubated with various concentrations
of TAM and HT. Concentrations of 10~6 M of HT and TAM

increased ER levels in the monoclonal antibody assay by 60
and 20%, respectively (Fig. 2). However, these concentrations
were considerably more than those analyzed in the TAM-
treated tumor cytosols (<1 ng/ml, approximately 3 HM). Thus
the increased ER concentration cannot be attributed to TAM
effect on the ER-EIA alone.

Effect of TAM and Estradiol on NK Cell Activity in the
Athymic Mouse. The long-term effects of sustained-release
preparations of TAM and estradiol were determined in the
ovariectomized athymic mouse. Uterine wet weights at the
various time points demonstrated the estrogen-like activity of
TAM, but the increases observed were not as large as those for
estradiol treatment (Table 1). We have previously noted (28) a
steady decrease in the uterine wet weights of ovariectomized
mice during the long-term TAM treatment using these silastic
capsules. The uteri are also refractory to estrogen challenge.
The uterine weights of TAM-treated mice also declined in this
experiment (Table 1).

Mice were challenged with an injection of poly(I:C) 24 h
before sacrifice to increase NK cell activity. The splenic lym
phocytes were isolated to determine NK cell activity for each
treatment and compared with animals in the control groups
(Table 2). Estradiol treatment affected the NK cell activity by
the first week of treatment, and the activity subsequently
dropped to approximately 6 LU/107 cells. TAM had less of an

effect than estradiol, but at 12 weeks, TAM caused a significant
(P< 0.001) suppression of NK cell activity compared to control

Table 1 Uterine wet weight of athymic mice treated with estradiol (EJ or TAM
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Fig. 2. Effect of incubation of MCF-7 cytosols with antiestrogens on quanti-
tation of estrogen receptors with Abbott Laboratories monoclonal antibody kit
(each point mean Â±SE; n = 3). O, tumor cytosol treated without antiestrogens;
A, cytosols treated with HT; â€¢¿�,cytosols treated with TAM.

Treatment
groupControl

capsules
Ej 1.0-cm capsules'
TAM 2.0-cm capsules'*112.4

+ 0.6Â°â€¢¿�*

62.8 Â±6.2
56.3 Â±2.3Weeks

oftreatment461211.1

Â±0.9 14.1 Â±0.8 11.4Â± 1.3
63.3 Â±5.0 70.1 Â±6.6 87.9 Â±9.3
37.1 Â±3.0 40.4 Â±2.3 29.6 Â±4.9

Â°n = 4 observations per treatment at each time point.
* Values expressed as (mean Â±SE) in mg.
' All Entreated groups significant from control group (P < 0.001 ) by unpaired

Student's / test.
rfAH TAM-treated groups significant from control groups (P < 0.01) by

unpaired Student's / test.

[19.8 Â±3.7 LU/107 cells versus 173.4 Â±28.0 LU/107 cells

(mean Â±SE), respectively].
In a separate experiment, the NK cell activity of splenic

lymphocytes from ovariectomized athymic mice was compared
with beige athymic mice 24 h after a challenge with poly(I:C)
(four mice in each group). No NK cell activity was detected in
splenic lymphocytes from beige mice whereas the NK cell
activity of the athymic mice was 220 Â±12.6 LU/107 cells.

TAM-stimulated Growth of MCF-7TAM Tumors in Athymic
Mice and Beige Mice. The differential growth of MCF-7TAM
was studied in beige and athymic mice. Parallel groups of mice
were implanted with 1-mm' pieces of the same MCF-7TAM

tumor and TAM or control (placebo) capsules were implanted.
After 9 weeks of therapy (Fig. 3), MCF-7TAM tumors were

stimulated to grow with TAM administration in both beige and
athymic mice to a mean area size (Â±SEM)of 0.71 Â±0.10 cm2
and 0.68 Â±0.11cm2, respectively. However, although there was
minimal growth of MCF-7TAM tumors in the athymic mouse
control after 9 weeks, 0.12 Â±0.01 cm2 (mean Â±SEM), the

beige mouse control had over a twofold increase in tumor size,
0.31 Â±0.03 cm2. Thus, MCF-7TAM tumors can grow in beige

mice without TAM supplementation; however, this growth is
significantly lower than in TAM-treated beige mice.

Characteristics of MCF-7TAM Cells in Vitro. Tumors from
TAM-stimulated MCF-7TAM athymic mice were excised and
cells grown in culture under conditions without phenol red and
in 10% stripped calf serum. Experiments were done in parallel
with wild-type MCF-7 cells which had been maintained in
nonestrogenic conditions 7 days before the experiment. The
results shown in Fig. 4 are representative of three experiments
to investigate the ability of estradiol and HT to stimulate MCF-
7TAM cells in vitro. There was a significant increase in DNA
content in cells treated with HT compared with controls (P <
0.01), but there was no concentration-related increase in DNA
content for the antiestrogen. (Data from MCF-7 cells treated
with concentrations of 10~9-10"~6Mof HT were superimposable

so, for clarity, one line is shown in Fig. 4.) The results were
similar when TAM was used in place of HT. In contrast,
estradiol stimulated a 5-fold increase in DNA compared with
controls. Wild-type MCF-7 cells showed a similar pattern of
antiestrogen and estrogen stimulation (data not shown).

Finally, we determined whether estradiol-stimulated growth
of MCF-7TAM cells could be prevented by antiestrogens (Fig.
5). Increasing concentrations of HT inhibited increases in DNA
per well produced by estradiol (10~'Â°M); the IC50 of HT was 5
x IO'8 M (Fig. 5).

DISCUSSION

These studies demonstrate that TAM-stimulated growth of
MCF-7-derived tumors occurs in vivo, in either athymic rats or
mice, and is partly dependent on the level of NK cell activity in
the animals. The MCF-7TAM tumors did grow more rapidly
in NK cell deficient (beige) mice so that part of the growth of
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Table 2 NK cytoloxicily assay of nylon wool-treated alhymic mouse splenocytes after estrogen ana' antiestrogen treatment

Treatment
groupControl

capsules
E2 1.0-cm capsules
TAM 2.0-cm capsulesWeeks

oftreatment1122.2

Â±21.7Â°'*

72.7 Â±20.0
50.6 Â±10.34180.0Â±

31.6
22.0 Â±7.5'

165.9 Â±24.86666.7

Â±138.4
6.9 Â±1.88r

115.0 + 32.0''12173.4Â±

28.0
6.3 Â±1.6Â°

19.9 Â±3.74''

" n = 4 mice per group at each time point.
* Values expressed as (mean Â±SE) in LU/107 cells.
' Significantly different from controls (P < 0.001 ) by unpaired Student's / test.
J Significantly different from controls (P < 0.001 ) by unpaired Student's t test.
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Fig. 3. Growth of MCF-7TAM tumors (mean Â±SE) (n = 18) in athymic mice
or beige mice. Animals treated with placebo capsules in beige mice (A) or in
athymic mice (O): animals treated with TAM 2.0-cm capsules in beige mice (A)
or in athymic mice (â€¢).
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Fig. 4. DNA determination of MCF-7TAM cells in 24-well plates after
different times of treatment with E; IO"10M (â€¢)or concentrations of HT at I0~'Â°
M (A); 10"* M to 10~*M (A); (the separate curves are superimposable so only the
10~" HT curve is shown). O. cells treated with control media are designated.
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Fig. 5. Inhibition of estradiol stimulated MCF-7TAM cells by HT. Cells were
grown in 24-well plates and DNA content per well was measured after 8 days of
treatment. Estradiol (â€¢,10~'Â°M) added to cells alone or with increasing concen
trations of HT (â€¢):Ei. HT I0~6 M alone: D, control media alone.

these tumors in an estrogenized environment is mediated by
suppression of NK cell activity. We have previously noted this
phenomenon with a slow-growing ER-negative endometrial
tumor that grew more rapidly if the athymic host was treated
with estrogen (29).

Estradiol is known to reduce NK cell activity in mice (18)
and we now show that the prolonged treatment of mice with a
sustained release preparation of TAM can cause a depression

(at 12 weeks) in the poly(I:C)-induced increases in mouse NK
cell activity. This effect is not as dramatic as seen with estradiol.
Interestingly enough though, TAM does not cause an early
decrease in NK cell activity (Table 2) at the time of the highest
uterotrophic (estrogenic) activity. This again illustrates the
spectrum of biological effects of TAM that appear to be target
site specific (1).

Overall, these observations raise the question of the role of a
suppression of NK cells in the growth of tumors and their
designation as "hormone-dependent" in an estrogen-treated

animal. A recent report (30) of the facilitated growth of laryn-
geal tumors in estrogen-treated athymic mice has illustrated
the "hormone dependency" of laryngeal tumors with sugges

tions for the treatment of patients with TAM. It is possible that
an estrogen-induced depression of NK cells in their experiments
has permitted increased tumor growth.

Nevertheless, a suppression of NK cell activity is not solely
responsible for "hormone-dependent" growth. TAM facilitates

further growth of MCF-7TAM tumors in NK cell-deficient
mice and this can be interpreted as an example of the estrogenic
action of the drug. Furthermore, tumors appear to maintain a
differential or target site specificity for TAM in vivo. The
endometrial tumor, EnCalOl, will grow more rapidly in
athymic mice during either estradiol or TAM treatment (31).
In contrast, wild-type MCF-7 cells only grow in response to

estradiol (8, 15). Athymic mice that are bitransplanted with
EnCalOl and MCF-7 cells maintain a differential sensitivity to
TAM; TAM causes the endometrial tumor to grow but the
breast cancer cells do not (13). Therefore, host factors alone
are not responsible for TAM-stimulated growth.

These laboratory findings in the athymic mouse raise the
question of whether TAM can modulate the immune function
of patients receiving adjuvant therapy for breast cancer. Pre
vious studies (32-34) have demonstrated that TAM affects NK

cell activity in peripheral blood lymphocytes of patients. Un
fortunately, there are conflicting reports as to whether TAM
augments or reduces the NK cell activity. This discrepancy may
be because patients were treated with TAM for different pe
riods. Clearly, this is an area for further study because a clear
understanding of the effects of TAM on immune functions may
have a profound bearing on the overall ability of the drug to
control the disease in patients during long-term adjuvant ther
apy.

The observation that MCF-7TAM tumors grow in response
to TAM in vivo, but antiestrogens do not stimulate and in fact
block estrogen-stimulated growth of the cells in culture, points
to a complex interaction between the tumor and the host. It is
possible that TAM is metabolized to estrogenic ligands in vivo
which cause tumor growth locally but no evidence to support
this hypothesis has been published (35, 36). Several antiestro-
gen-resistant breast cancer cell lines have been reported (37-

39), but none are stimulated to grow by TAM. There is, how
ever, a recent report (40) to document the ability of high
concentrations of HT to stimulate an endometrial cell line to
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grow in vitro. Similar concentrations of HT did not stimulate
MCF-7TAM in culture.

In summary, JAM causes the growth of a selected MCF-7
tumor in vivo; however, these cells are sensitive to the inhibitory
effects of TAM in vitro. Although these studies may only be
applicable to the laboratory models used, the results point to
the possibility that the estrogen-like properties of TAM could
promote tumor growth in vivo. There are anecdotal reports that
comment upon the stimulatory effects of TAM during therapy
(41-43); however, it is interesting to note that one patient who
did not respond to TAM (after 3 months of therapy) provided
the cells (from a massive ascites) to establish the ER-positive
cell line, ZR-75-1 (44). TAM inhibits estrogen-stimulated
growth of ZR-75-1 cells in vitro (45) so the pharmacology
reported in this paper may occur in the clinics.
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