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ABSTRACT

The estrogen receptor (ER)-positive human breast cancer cell line T
47D exhibited genetic instability under cell culture conditions which
maintained almost continuous exponential growth. This resulted in the
spontaneous generation of three ER-positive sublines with a range of
DNA ploidies and distinctive phenotypes. One of these sublines, T 47D-
5, exhibited resistance to the growth-inhibitory effects of the synthetic
nonsteroidal antiestrogen tamoxifen and the synthetic progestin ORG
2058, in marked contrast to "wild type" T 47D cells (designated T 47D-

7 in this study).
T 47D-5 cells were cloned by limiting dilution and 11 clonal cell lines

were tested for sensitivity to tamoxifen. Although all clones of T 47D-5
were significantly less sensitive than T 47D-7 cells, a spectrum of
sensitivities was observed. Three clones, T 47D-5-13, T 47D-5-21, and
T 47D-S-23, were further characterized by measuring the concentrations
of receptors for estrogen, progesterone, growth hormone, and epidermal
growth factor and responses to estradiol, tamoxifen, and progestin, in
terms of both induction of specific proteins and effects on cellular
proliferation. Although the T 47D-5 subline and clone T 47D-5-23 were
insensitive to both the growth-stimulatory effects of estradiol and the
inhibitory effects of tamoxifen, this was not related to the concentration
of ER or its ability to induce progesterone receptor. Estrogen receptor
levels were similar in resistant and sensitive clones of T 47D-5 (70,000-
81,000 sites/cell] and were 2.5-fold greater than in the sensitive T 47D-
7 line [32,600 Â±5,000 (SEM) sites/cell). Northern blots showed no
difference in the size of ER mRNA transcripts between sensitive and
resistant clones. Estradiol treatment increased progesterone receptor
(PR) levels in all cell lines but the magnitude and sensitivity of this
response were unrelated to growth responses indicating a divergence in
estrogenic control of cellular proliferation and specific protein synthesis
within these clones.

T 47D-5, T 47D-5-13, T 47D-5-21, and T 47D-5-23 were all insensitive
to the growth-inhibitory effects of ORG 2058. The progestin was also
unable to increase lactogenic and epidermal growth factor receptor con
centrations in these four lines in contrast to the response in T 47D-7
cells. The insensitivity to progestin in the T 47D-5 subline and its three
clonal cell lines could be accounted for, in part, by a 75-80% reduction
in PR levels when compared with T 47D-7 cells. However, significant
concentrations of PR (162,000-230,000 sites/cell) were still present in
these progestin-insensitive cells.

Since these data failed to identify major alterations in ER and PR
binding it is concluded that insensitivity to growth regulation by estrogen,
antiestrogen, and progestin in the T 47D-5 subline and its clones is due
predominantly to aberrations in steroid hormone action distal to receptor
binding. However, alterations to other regulatory pathways controlling T
47D cell replication cannot be excluded. These unique clonal cell lines
may therefore provide useful models to further study the molecular basis
of hormone insensitivity in ER-positive, PR-positive human breast cancer.

INTRODUCTION

The T 47D human breast cancer cell line was derived from
the pleural effusion of a postmenopausal woman with met-
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astatic breast cancer (1). This widely studied cell line has been
reported to contain various steroid and polypeptide hormone
receptors and to respond to many of these hormones in terms
of both changes in cellular proliferation and protein synthesis
(1-12). In previous studies from this laboratory it has been
shown that the sensitivity of T 47D cells to the antiestrogen,
tamoxifen, is similar to that of other ER5 positive breast cancer

cell lines (13, 14).
The biological properties of T 47D cells have not always been

consistent between laboratories. While the original cell line was
reported to be ER positive (1) some investigators found that T
47D lacked ER (2) or had modifications in the concentration
and subcellular distribution of ER (3), suggesting that variants
of the line may have arisen in different laboratories. This has
been documented in detail in one particular case where a distinct
variant expressing high concentrations of PR which were no
longer under control by estrogens and antiestrogens has been
defined (3). Furthermore, the proliferation rate of these variant
cells was unaffected by treatment with estradiol or nafoxidine
and the authors concluded that the cells were functionally ER
negative despite the presence of significant, but low, levels of
ER. The "wild-type" T 47D cells used in the present study were

from the National Cancer Institute Breast Cancer Program Cell
Bank and showed the properties outlined in the original publi
cation (1) including significant levels of ER and high levels of
PR. These cells are referred to as T 47D-7 throughout this

paper.
In this study analytical DNA flow cytometry has been used

to document the occurrence of genetic instability in T 47D
cells. Genetic instability in this context is defined as gross
changes in cellular DNA content as detected by DNA flow
cytometry. This instability has resulted in the spontaneous
development of several ER-positive sublines of T 47D with a
range of DNA ploidies and distinctive phenotypes. One subline,
designated T 47D-5, exhibited marked tamoxifen resistance
and was therefore studied in detail. This subline and one clone
derived from it (T 47D-5-23) showed marked resistance to both
the growth-stimulating effects of estrogen and the inhibitory
effects of tamoxifen and progestins despite the presence of
functional ER as assessed by the ability of estrogen to induce
PR. This manuscript documents the derivation and properties
of several sublines and clones of T 47D cells some of which
may provide useful in vitro models for further investigation of
steroid hormone insensitivity and antiestrogen resistance in
ER-positive breast cancer; a problem commonly encountered
in the clinical management of this disease.

MATERIALS AND METHODS
Materials. Tamoxifen [trans-1 -(4-/3-dimethylaminoethoxyphenyl)-

1,2-diphenylbut-l-ene] was a gift of I.C.I. Ltd., Pharmaceuticals Divi
sion, Macclesfield, Cheshire, United Kingdom, through the courtesy of
Dr. Alan Wakeling. ORG 2058 (16a-ethyl-21-hydroxy-19-norpregn-4-
en-3,20-dione) was purchased from Amersham Australia, Sydney, New
South Wales, Australia, and 17/3-estradiol was obtained from Sigma
Chemical Co., St. Louis, MO. All compounds were prepared as stock

*The abbreviations used are: ER, estrogen receptor; PR, progesterone receptor;

EGF, epidermal growth factor; HGH, human growth hormone; PCS, fetal calf
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solutions (10 2-10 ' M) in analytical reagent grade ethanol and were
stored at -20Â°C.

Receptor grade murine EOF was purchased from Collaborative
Research Inc., Waltham, MA, while HGH was supplied by Dr. G.
Chapman of the Garvan Institute and had been purified as described
previously (IS). Both hormones were iodinated using a modified chlor-
amine-T method (8).

Materials for cell culture were obtained from Flow Laboratories,
Ryde, New South Wales, Australia, except where otherwise indicated.

Cell Culture. T 47D cells were obtained from two different sources;
at passage 74 from E. G. and G. Mason Research Institute, Worcester,
MA, for the National Cancer Institute Breast Cancer Program Cell
Bank, and at passage 82 from Dr. R. Whitehead, Ludwig Institute for
Cancer Research (Melbourne Tumour Biology Branch), Victoria, Aus
tralia, who had previously obtained them from E. G. and G. Mason
Research Institute. Cells were serially passaged and cryopreserved as
described previously (16). Following thawing from the cyropreserved
cell bank, stock cultures were maintained in almost continuous expo
nential growth by weekly passage of appropriate numbers of cells
following trypsinization (0.05% trypsin:0.02% EDTA). No other selec
tion pressures were applied.

Stock cultures were grown in Roswell Park Memorial Institute
Medium 1640 supplemented with 5 HIM glutamine, 14 DIM sodium
bicarbonate, 20 mM 4-(2-hydroxyethyl)-l-piperazineethanesulfonic
acid buffer (Calbiochem-Behring, Kingsgrove, New South Wales, Aus
tralia), 10 Mg/ml porcine insulin (Novo Laboratories, ParrainÃ¢tla. New
South Wales, Australia), 20 Mg/ml gentamicin, 6 Mg/ml phenol red,
and 10% FCS. Departures from this basic medium for individual
experiments are indicated in the relevant sections.

DNA Flow Cytometry. The relative DNA contents of stock cultures
were routinely monitored by flow cytometry using ethidium bromide/
mithramycin-stained cells (16). Chicken erythrocytes were used as an
internal marker and the relative DNA contents of various sublines and
clones were determined by comparing the fluorescence of the G0-Gi
peak with that of the chick erythrocytes. These analyses were performed
on an ICP22 pulse cytometer (Ortho Instruments, Westwood, MA).

Estimates of cell volume (Coulter volume) were made using a FACS
analyzer flow cytometer (Becton Dickinson, Mountain View, CA).

Derivation of T 47D Clones. The T 47D-5 line (see below for deri
vation) was subcloned using a modified limiting dilution technique.
Exponentially growing cultures were harvested, diluted, and plated into
Nunclon (Kamstrup, Denmark) 96-well tissue culture trays at 1 cell/
0.1 ml/well. Each well was examined under phase contrast microscopy
and any well not containing 1 cell was excluded from further analysis.
After 2 weeks of growth, 24 colonies were harvested by trypsinization
and serially passaged to produce sufficient cells for cryopreservation of
stock vials. After 12-15 weekly passages 11 clones were retained for
further study and cryopreservation, the remainder having been dis
carded on the basis of inadequate proliferation rates and/or lack of
morphological stability as assessed by phase contrast microscopy.

Receptor Assays. Total cellular ER and PR levels were measured
using a whole cell radioligand exchange assay (17). In brief, increasing
concentrations of tritiated estradici or ORG 2058, in the presence or
absence of a 500-fold excess of unlabeled ligand, were incubated with
4-8 x IO5 cells/well in 12-well tissue culture trays for 1.0 and 1.5 h,
respectively, at 37Â°C.The assay buffer was 0.1% bovine serum albumin

in standard culture medium but without FCS or insulin. Following
washing of the monolayers with 5% bovine serum albumin in phos
phate-buffered saline, solubili/alieni with 0.1% Triton X-100 in 0.5 M
NaOH, and counting, the specifically bound estradiol or ORG 2058
was calculated as the difference between the total and nonspecifically
bound counts. Lactogenic receptor and EGF receptor levels were meas
ured as described by Murphy et al. (17, 18). Data were analyzed
according to the method of Scatchard (19).

RNA Extraction and Hybridization. RNA was extracted from mono-

layer cultures of the different T 47D sublines and clones using the
guanidinium isothiocyanate-cesium chloride method (20). Ten and 20
tig of total RNA were separated on a 1% agarose-formaldehyde gel and
transferred to a Zeta-Probe nylon filter (21). The OR8 human ER
complementary DNA (22, 23) was purified from EcoRl digested plas-
mid DNA by agarose gel electrophoresis and nick-translated to a

specific activity of 4 x IO8 cpm/Mg DNA. Filters were prehybridized
for 8 h prior to hybridization for 16 h at 50Â°Cin a solution containing

2 x SSPE and 50% formamide. Following hybridization, filters were
washed to a maximum stringency of 0.2 x standard saline-citrate plus
1% sodium dodecyl sulfate at 65Â°Cfor 15 min. Filters were then
autoradiographed for 18 h with Kodak X-OMAT AR film at -70'C in

the presence of a Dupont Cronex intensifying screen. Transcript size
was determined by comparison with 28S and 18S rRNA.

Estrogen and Progesterone Receptor Function. The ability of estradiol
to induce PR was used as an indicator of ER function (24). Cells were
seeded in 2 ml of medium containing 5% FCS into 12-well Linbro
plates at a density of 10*cells/well. After 48 h the medium was replaced
with fresh medium containing 1% charcoal-stripped FCS and after a

further 24 h cells were treated with 0.1 % ethanol vehicle (control) or
estradiol over the concentration range 10~12-10~8 M. Progesterone

receptor levels were determined after 48 h of estradiol exposure using
a single saturating concentration, whole cell radioligand binding assay.
In brief, treated and control cells were exposed to 5 nM [3H]ORG 2058

in the absence (total binding) or presence (nonspecific binding) of 2.5
MMunlabeled ORG 2058 for 1.5 h at 37Â°C.Following washing, solu-

bilization, and counting as outlined above, the changes induced by
treatment with estradiol were expressed as a percentage of those in
control cultures.

Previous work from this laboratory has demonstrated that progestins
can increase the levels of both lactogenic and EGF receptors in some
breast cancer cells including T 47D by a mechanism which appears to
involve the PR (17, 18). Thus the ability of ORG 2058 to increase
HGH or EGF binding to T 47D cells was used as a measure of PR
function. Cells were seeded into multiwell plates as indicated above and
were treated with 0.1% ethanol vehicle (control) or ORG 2058 over the
concentration range 10~12-10~8M. Lactogenic and EGF receptor levels

were determined after 24 h exposure using a single concentration,
whole cell radioligand binding assay as described previously (17, 18).
Nonspecific binding was measured in the presence of 5 nM unlabeled
EGF or 50 nM unlabeled HGH. Results were expressed as percentage
change relative to control.

Cell Growth Experiments. To test the effect of estradiol on cellular
proliferation rates, exponentially growing cells were plated at a density
of 10s cells/25-cm2 flask in 10 ml of medium supplemented with 10%
charcoal-stripped FCS but without added phenol red. After approxi
mately one population-doubling time, i.e., when cell numbers were
approximately 2 x 105/flask, triplicate flasks were treated with 0.1%
ethanol vehicle (control) or estradiol at final concentrations of 10~12-
10~8M. Control cultures were allowed to grow for approximately four

population-doubling times at which point all flasks were harvested and
the cell numbers were recorded on a hemocytometer under phase
contrast microscopy. Mean doubling times were calculated from the
initial and final cell numbers and the proliferation rate, relative to that
of untreated control cultures, was calculated as described previously
(14).

A similar experimental design was used to assess the growth-inhibi

tory effects of tamoxifen and ORG 2058. In the case of tamoxifen
exponentially growing cells were plated at a density of 0.75 x 10*cells/
25-cm2 flask in 10 ml of medium supplemented with 5% FCS. After

one population doubling triplicate flasks were treated with 0.1 % ethanol
vehicle (control) or tamoxifen at a final concentration of 10~8-10~5 M.

In the experiments with ORG 2058, cells were plated in the same
medium but at a density of 0.5 x IO5 cells/flask and the drug was
administered over the concentration range of 10~'Â°-10~8M. In each

case flasks were harvested after approximately four population dou
blings of control cultures, cell numbers were recorded, and population-

doubling times were calculated for each treatment and expressed as a
percentage of those in control cultures as described above for estradiol.

RESULTS

Derivation of Sublines and Preliminary Characterization

Ploidy. During preliminary work with T 47D cells it was
noted that three different batches of cryopreserved cells from
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the same source, i.e., those obtained at passage 82, gave rise to
cell lines that were different in terms of proliferation rates and
morphology. In view of previously documented evidence of the
spontaneous development of a phenotypically different T 47D
subline (3), these lines (T 47D-1, T 47D-2, and T 47D-3) were
discarded and each of three successive cultures derived from
further vials of the same stock cells (designated T 47D-4, T
47D-5, and T 47D-6) were monitored for changes in ploidy
with successive weekly passage. T 47D cells have been shown
previously to have 60-70 chromosomes with a modal number
of 66 (1) and are therefore aneuploid. However, for ease of
discussion and to facilitate interpretation of the changes in the
DNA histograms, we have defined the GO-G! peak, which was
assigned to channel 50 in the DNA histograms obtained from
cells in the first passage out of liquid nitrogen, as the "diploid"

peak. All three batches of cells were maintained under almost
continuous exponential growth and underwent a different
succession of spontaneous changes in cellular DNA content.

The T 47D-4 subline maintained a "normal" DNA histogram

between passages 82 and 91. However, by passage 100 a signif
icant population of "tetraploid" cells had appeared and these

increased in number to reach about 30% of the culture by
passage 102. Thereafter this "tetraploid" population declined

and by passage 105 the DNA histograms had returned to their
previous appearance, and remained so for more than 70 subse
quent weekly passages (data not shown).

The T 47D-5 subline underwent two major changes in ploidy.
A "hyperdiploid" population appeared at passage 92 as evi

denced by the small peak appearing in channel 63 to the right
of the major Go-Gi peak in channel 50 (Fig. 1). This population
had dominated the culture by passage 102. The evolution of
this new population of cells was followed by the appearance of
a "hypertetraploid" population at passage 107 which dominated

the culture by passage 137 (Fig. 1) and constituted the only
population present by passage 158. These cells maintained a
stable DNA content for more than 82 subsequent weekly pas
sages.

In the T 47D-6 subline a "tetraploid" population became
evident at passage 100 and had almost overgrown the "diploid"

cells by passage 115 but subsequently declined and had almost
disappeared by passage 161 (data not shown). However, a small
proportion of "tetraploid" cells was maintained within the

culture (see below).
In contrast to these changes a vial of frozen cells derived

from stocks obtained directly from E. G. and G. Mason at
passage 74 (T 47D-7) failed to show any detectable changes in
ploidy over 80 subsequent passages. These cells, however, even
tually became tetraploid after extended weekly passages, i.e.,
tetraploid cells first became apparent at passage 155 and had
completely dominated the culture by passage 168. Two other
vials of these cells were subsequently thawed and studied in less
detail. Both remained stable in terms of cellular DNA content
but gave rise to cell lines which were phenotypically quite
distinct from T 47D-7 cells (data not shown).

The 4 sublines (T 47D-4, -5, -6, and -7) were karyotyped and
the modal chromosome numbers for each subline are recorded
in Table 1. These data support the observations made by ana
lytical DNA flow cytometry. Karyotypic analysis indicated a
similar model chromosome number of 64-65 in T 47D-4, T
47D-6, and T 47D-7 cells and the presence of several marker
chromosomes some of which differed slightly between cell lines.
T 47D-6 cells contained about 30% of cells with a modal
chromosome number of 110 while the T 47D-5 line was more
heterogeneous with a mode of 115. This latter cell line in
addition to its extra complement of chromosomes had many
extra translocations. More detailed data on the karyotypes of
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Fig. 1. Serial DNA histograms for the T
47D-5 subline. DNA flow cytometry was per
formed as described in "Materials and Meth
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Table 1 Mean cell volumes and modal chromosome numbers of T 47D cell lines

SublineT
47D-7*

T 47D-4
T 47D-5
T 47D-6Mean

cell
volume"US

86
171
105, 181eModal

chromosome
no./cell64

64115

65,110
* Arbitrary units.
* Wild-type cells.
c Two cell populations were present; approximately 70% of cells were small

and 30% were large.

these sublines and their clones will be presented elsewhere.
Proliferation Rates. The population-doubling times of the

sublines (Fig. 2) ranged from 46 to 52 h for the first 16 weeks
after revival from cryostorage. Thereafter proliferation rates
increased at different rates depending upon the subline and
reached stable levels after 16-32 weeks of passage. These data
illustrate the selection pressure for rapidly proliferating cell
populations under the culture conditions used.

Morphology. All subsequent experiments were undertaken
with these stable cell lines and each subline showed a distinctive
morphology as illustrated in Fig. 3. Relative to the stable and
unchanged "diploid" T 47D-7 cell line (Fig. 3B) the "hyper-
tetraploid" T 47D-5 subline consisted of uniformly larger cells
(Fig. 3/4). The T 47D-6 subline contained two distinct popula

tions, one of relatively large cells and the other of cells of
intermediate size (Fig. 3C) while the "diploid" T 47D-4 subline

consisted of a population of uniformly small cells (Fig. 3D).
Subsequent cloning of the T 47D-6 subline confirmed the
presence of two distinct cell types and showed that the smaller
cells were "diploid" and the larger cells "tetraploid" (data not

shown). Measurement of cell volume by analytical flow cytom-
etry indicated the same relative distribution of cell sizes between
the different cell lines as assessed by light microscopy and again
confirmed the presence of two populations of cells in the T
47D-6 line (Table 1).

The T 47D-5 subline underwent more marked morphological
changes suggestive of increased differentiation which included
pseudoacinus formation, frequent dome formation, well demar
cated borders of cell islands, and papillary structures some of
which are apparent in Fig. 3/t.

Sensitivity to Tamoxifen. T 47D-4, T 47D-6, and T 47D-7
sublines exhibited similar sensitivities to the growth-inhibitory
effects of tamoxifen, with an approximate 25-35% reduction
of proliferation rate occurring at a tamoxifen concentration of
1 Â¿Â¿M(Fig. 4A). In contrast, concentrations up to 2.5 fiM, i.e.,
concentrations in the estrogen-reversible, ER-mediated range
of the antiproliferative effects of tamoxifen ( 13, 14,16), had no
significant inhibitory effect on T 47D-5 cell proliferation,
whereas at a concentration of 5 pM, where the estrogen-irre
versible effects of tamoxifen are manifested, tamoxifen de
creased the growth of T 47D-5 cells by approximately 45%.
Because of the marked tamoxifen insensitivity of the T 47D-5
subline it was singled out for further study, particularly with
respect to the presence of several hormone receptors and re
sponsiveness to estrogen, antiestrogen, and progestin.

Further Characterization of the T 47D-5 Subline

Responses to Estradiol and Tamoxifen. Several clonal cell
lines of the T 47D-5 subline were generated as described in
"Materials and Methods." Each of the 11 clones was tested for

sensitivity to the growth-inhibitory effects of 0.1, 1.0 and 10
tÃMtamoxifen. The lowest concentration was without inhibitory
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Fig. 2. Population-doubling times of T 47D sublines maintained in continuous

exponential growth. Columns, mean of eight successive passages; bars, SEM.

effects on any of the clones while a broad spectrum of sensitiv
ities was observed between clones when treated with concentra
tions of tamoxifen > 1 ^M; e.g., T 47D-5-23 was essentially
insensitive while T 47D-5-21 was almost as sensitive as wild-
type T 47D-7 cells. T 47D-5-13 cells demonstrated intermediate
sensitivity (Fig. 4B).

The growth response of the same lines to estradiol is reported
in Fig. 5 where markedly different proliferation rates are ap
parent between lines. The 2 lines, T 47D-5 and T 47D-5-23,
that were insensitive to the growth-inhibitory effects of concen
trations of tamoxifen Â« 1 ^M were also insensitive to the
growth-promoting effects of estradiol. Both T 47D-5-13 and T
47D-5-21 by contrast were significantly stimulated by estradiol;
maximal responses were seen at 10~9and 10~'Â°M, respectively,
and both lines appeared to demonstrate "bell-shaped" dose-

response curves characteristic of estrogen-induced growth re
sponses where growth is initially stimulated, reaches a maxi
mum, and then declines as the estrogen concentration is further
increased (Fig. 5).

To test if differing responsiveness to estrogen and antiestro-
gen was related to ER levels in different cell lines the concen
trations of ER were compared. The data in Table 2 illustrate
that ER levels in the sensitive and insensitive clones are similar
and are perhaps slightly lower than those of the parent T 47D-
5 line. Interestingly, the level of ER in all these lines was
significantly greater than in the T 47D-4, T 47D-5, and T 47D-
7 sublines. No significant differences in receptor affinity were
observed between lines.

Northern analysis of total RNA from each of the clones failed
to reveal any significant differences between the size and con
centration of ER mRNA species between sensitive and resistant
lines (Fig. 6). The ER mRNA transcript present in these cell
lines corresponds to the 6.2-kilobase species previously de
scribed in MCF-7 and T 47D cells (23).

Since differences in ER concentration were not apparent we
next investigated the ability of estradiol to induce PR in these
lines as a measure of the presence of functional ER. The results
in Fig. 7 show that in all T 47D-5 lines estradiol stimulated PR
levels and, although the magnitude of the response varied
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Fig. 3. Photomicrographs of the morphology of the T 47D sublines. Cells were grown on glass coverslips and photographed under phase contrast. I. T 47D-5; B,
T 47D-7; C, T 47D-6; D, T 47D-4.
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Fig. 4. Effect of tamoxifen on the mean proliferation rates of T 47D sublines
and clones. Experiments were performed and proliferation rates calculated as
described in "Materials and Methods." Points, mean of triplicate flasks; bars,

SEM. A, sublines T 47D-4, T 47D-5, T 47D-6, and T 47D-7. B, subline T 47D-
5 and clones T 47D-5-13, T 47D-5-21, and T 47D-5-23.

between cell lines, there was no relationship between the ability
of estradici to induce PR and its ability to stimulate growth in
different cell lines (Figs. 5 and 7).

Response to Progestin. T 47D cells are known to be sensitive
to the growth-inhibitory effects of progestins (25, 26).6 To test
if the insensitivity of the T 47D-5 subline and clones to the
growth-modulating effects of estrogen and antiestrogen was
mirrored by insensitivity to the growth-inhibitory effects of
progestins, we measured sensitivity of these cells to the growth-
inhibitory effects of ORG 2058 (Fig. 8). The exquisite sensitiv
ity of the T 47D-7 line to ORG 20586 was confirmed; the

concentration inducing 50% growth inhibition was approxi
mately 0.025 nM, while the T 47D-5 subline and its 3 clones
were uniformly resistant to these effects. Progesterone receptor
levels in each of the latter 4 lines were 20-25% of those in the
T 47D-7 line (Table 2).

Further studies on progestin responsiveness involved assess
ing the ability of ORG 2058 to increase lactogenic and EGF
receptor levels in the T 47D cell lines. In all the T 47D-5 lines
studied EGF receptor levels were markedly reduced compared
with T 47D-7 cells (Table 2) and in no case was treatment with
ORG 2058 able to increase these concentrations (Fig. 9). The
induction of EGF receptor by progestin in T 47D-7 cells was
confirmed (18). Similarly ORG 2058 was unable to elicit an
increase in lactogenic receptors in T 47D-5 lines in contrast to
the previously reported effect (17) in T 47D-7 cells (data not

shown).

' R. L. Sutherland, R. E. Hall, G. Y. N. Pang, E. A. Musgrove, and C. L.

Clarke. Effect of medroxyprogesterone acetate on proliferation and cell cycle
kinetics of human mammary carcinoma cells, submitted for publication.
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o

Estradiol concentration (Log M)

Fig. 5. Effect of 17/S-estradiol on cellular proliferation rates of the T 47D-5
subline and clones T 47D-5-13, T 47D-5-21, and T 47D-5-23. Experiments were
performed and proliferation rates calculated as described in "Materials and
Methods." Points, mean of triplicate estimations; ears, SEM.

Table 2 Binding properties of estrogen, progesterone, and epidermal growth
factor receptors in T 47D sublines and three clones of the T 47D-5 line

ER PR EGF-R

Cell line Sites/cell KÂ¿(nM) Sites/cell Ka (nM)Â° Sites/cell Kd (nM)

T47D-4T
47D-5-5-23-5-21-5-23T

47D-6T
47D-761,450*117,75081,05070,55073,10041,85032,6250.410.620.400.430.590.500.40575,950161,700230,450184,850177,250791,150955,6000.260.460.430.450.420.450.50NDC2,2907451,8203,450ND6,180ND0.130.110.110.14ND0.08

â€¢Data are for ORG 2058.
* Data are the means of 2-4 determinations where variability was less than

20%.
c ND, not determined.
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T 47D cells is not understood and similar gross changes were
not apparent during the same time frame in two other hormone-
responsive breast cancer cell lines (MCF 7 and ZR 75-1)
maintained under identical culture conditions. The changes in
ploidy that occurred in T 47D cells did so during the period of
decreasing doubling times, indicating that cells with chromo
somal alterations leading to growth advantage were being se
lected during this period. More minor karyotypic changes as
sociated with mutations, small deletions, and chromosomal
rearrangements would not have been detected by analytical
DNA flow cytometry and could be responsible for the pheno-
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Fig. 7. Effect of 17f)-estradiol on induction of the progesterone receptor in
the T 47D-5 subline and clones T 47D-5-I3, T 47D-5-21. and T 47D-5-23.
Experiments were performed as described in "Materials and Methods." Points,

means of triplicate estimations.
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Fig. 8. Effect of ORG 2058 on cellular proliferation rates of the T 47D-7 and
T 47D-5 sublines and clones T 47D-5-13, T 47D-5-21, and T 47D-5-23. Experi
ments were performed and proliferation rates calculated as described in "Materials
and Methods." Points, means of 3-26 determinations; bars, SEM.

Fig. 6. Size and concentration of estrogen receptor mRNA in the T 47D-5
cell line and clones. Autoradiographs of Northern blots of 10 and 20 iÂ¡ntotal
RNA, extracted from the T 47D-5 cell line and clones T 47D-5-I3, T 47D-5-21,
and T 47D-5-23, and hybridized to the OR8 human estrogen receptor comple
mentary DNA. Markers of 28S and 18S rRNA are indicated.

All of the parameters presented in Figs. 5-9 and Table 2
were assessed at least 2-3 times over >40 weekly passages and
no major changes in any of the parameters were noted.

DISCUSSION

These data demonstrate genetic instability in the widely stud
ied T 47D human breast cancer cell line and document the
spontaneous evolution of several phenotypically distinct sub-
lines and clones. The basis of the genetic instability observed in

g
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Fig. 9. Induction of the epidermal growth factor receptor by ORG 2058 in the
T 47D-7 and T 47D-5 sublines and clones T 47D-5-I3, T 47D-5-21, and T 47D-
5-23. Experiments were performed as described in "Materials and Methods."
Points, means of duplicate determinations.
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typic heterogeneity observed between sublines with similar
ploidies, e.g., T 47D-4 and T 47D-7. Preliminary karyotypic
data were supportive of this view.

Although it is possible that unnatural environmental factors
experienced by cultured cells, such as cryopreservation and
exposure to dimethyl sulfoxide may play a role in the develop
ment of an unstable genome this would not explain the differ
ences between T 47D and other cell lines studied in this labo
ratory. However, it is well documented that MCF 7 cells from
different sources and different clones of the MCF 7 cell line
exhibit different properties including changes in: modal chro
mosome number and the production of tetraploid cells; steroid
hormone receptor concentrations; estrogen responsiveness; tu-
morigenicity in nude mice; cellular morphology; degree of
differentiation; anchorage-independent growth; and plasmino
nen activator production (14, 27-29). Factors intrinsic to neo-
plastic cells are known to contribute to karyotypic aberrations
resulting in increased phenotypic heterogeneity within a given
tumor cell population (30, 31). Theories of tumor progression
based on genetic instability and clonal evolution are well devel
oped (30, 31) but longitudinal data following a given tumor
through its natural history are very difficult to obtain. In breast
cancer, aneuploidy has been reported in 54-92% of tumors (32,
33), but ploidy was found to be temporally and spatially stable
(34, 35). However, the number of samples analyzed was small
and the time periods studied were mostly short when compared
with the natural history of breast cancer. It is thus unclear
whether a change in ploidy is a feature of tumor progression in
this disease and hence whether the changes seen in the T 47D
cells in vitro have an in vivo correlate.

The development of a more differentiated phenotype and
resistance to the growth-stimulatory effects of estrogen and the
growth-inhibitory effects of both tamoxifen and progestin in
the "hypertetraploid" T 47D-5 subline provided an interesting

model for further study. It is possible that the more differen
tiated phenotype arose from the additional accumulation of
gene products necessary for expression of differentiated func
tion through gene amplification associated with multiple copies
of some chromosomes or changes in their regulation. Potential
candidate genes include those coding for basement membrane
and structural proteins and those for humoral factors which
might modify differentiated function by autocrine or paracrine
mechanisms. Preliminary evidence for the latter phenomenon
was provided by the observation that conditioned media from
some clones with a more "differentiated" phenotype were ca

pable of inducing a similar phenotype in a clone which normally
did not show these features of differentiation (results not
shown). Since many of the clones derived from the T 47D-5
subline failed to maintain the "differentiated" morphology and

the insensitivity to tamoxifen of the parent subline it appears
likely that the general properties of the T 47D-5 subline were
maintained by the predominance of one cell type or by the
effects of humoral factors produced by a minority of cell types.
Since karyotypic studies have indicated a mixed population of
cells with different numbers of chromosomes in T 47D-5 cells,
the latter possibility appears more likely.

The perceived but yet unproven relationship between differ
entiated phenotype and resistance to tamoxifen and progestin
in vitro raises the issue of the potential induction of "differen
tiation" as part of the growth-inhibitory properties of these

compounds. Although there are few published data on the
subject, both progestins and antiestrogens (at least in combi
nation with progesterone or dexamethasone) are known to
induce differentiated function in some tissues; the chicken

oviduct being perhaps the best studied example (36, 37). Thus,
if part of the action of these two agents was to induce differ
entiation it may not be unreasonable to expect cell lines that
were already more differentiated to be less sensitive to the
agents. It is interesting to note in this regard that the tamoxifen-
resistant clone of MCF 7, R-27, was the most differentiated of

the clones studied by Seibert et al. (27).
Cloning of the tamoxifen-resistant T 47D-5 subline demon

strated the existence of heterogeneous subpopulations of several
discrete phenotypes which were sufficiently similar in terms of
morphology, ER and PR content, and karyotype to suggest
recent divergence from a common parent. Two of the three
clones that were studied in detail, T 47D-5-13 and T 47D-5-
21, were tamoxifen sensitive while T 47D-5-23, like its parent
T 47D-5, was markedly tamoxifen resistant showing no growth
inhibition over the estradiol-reversible range of tamoxifen con
centrations (13, 14, 16). A variant T 47D subline with high PR
levels and resistance to antiestrogens has been described previ
ously (3). However, the resistance to tamoxifen of the T 47D-
5 subline and clone T 47D-5-23, unlike that described by
Horwitz et al. in their T 47D variant (3), could not be explained
on the basis of ER content. Furthermore, the ER was demon-
strably functional in all of our T 47D variants, as assessed by
the ability of estradiol to induce PR. It is therefore likely that
loss of the growth response to estradiol observed in the T 47D-
5 and T 47D-5-23 sublines results from a defect in the normal
control mechanisms which mediate the mitogenic action of
estradiol. Tamoxifen resistance correlated with loss of this
mitogenic response to estradiol which is perhaps not surprising
since cells growing independently of estradiol are unlikely to be
inhibited by agents whose action is mediated predominantly
through the ER. This explanation is supported by a recently
reported study on the MCF 7 human breast cancer cell line, in
which cells were transfected with the \-rasH oncogene which

resulted in loss of dependence on estrogen for growth and also
produced antiestrogen resistance (38). Further studies revealed
that MCF 7rascells secreted higher levels of several autocrine
growth factors than MCF 7 cells (39) suggesting that enhanced
secretion of growth factors may play a role in the escape from
regulation by estrogens and antiestrogens. If genetic re
arrangements associated with the evolution of the steroid-in
sensitive T 47D cells described in the present study resulted in
changes in the regulation of growth factor gene expression and
the overproduction of such factors this could account for the
insensitivity to estrogen and antiestrogen. Studies are being
undertaken to test this possibility.

The lower PR content observed in the T 47D-5 subline and
its clones is another important way in which these cells differ
from the extensively studied parent line, which is notable for a
very high cellular PR concentration. The markedly reduced
sensitivity of these cells to the growth-inhibitory action of
progestins can, in part, be explained by the lower PR levels.
However, the PR levels, although lower in the T 47D-5 lines
than in the parent line, are by no means negligible, and are of
the same order as the PR concentration in MCF-7 cells which
demonstrate progestin sensitivity (17, 18, 25).6 Our failure to

demonstrate that the PR was functional in terms of both growth
inhibition and induction of HGH and EGF binding suggest
that additional mechanisms may be opÃ©rant.

A sizable minority of ER-positive breast tumors are resistant
to antiestrogen and progestin treatment and many which are
initially sensitive become resistant. There is need for the devel
opment of suitable models of ER-positive, hormone-resistant
breast cancer for the study of this problem. The novel subline
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T 47D-5 and the T 47D-5-23 clone derived from it are likely
to be useful both in this respect and in the investigation of basic
questions on the role of steroid hormones in the growth and
differentiation of hormone-sensitive tissues.
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