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Abstract—A cell line (T-47D) has been established from the pleural effusion of a
patient with breast carcinoma. These cells exhibit epithelial morphology and form
monolayers tn culture. The mammary epithelial characteristics are also supported by
tmmunohistologic delection of intracellular casein and the presence of steroid receptors
characteristic of mammary tissue. Electron microscopy reveals the presence of desmo-
somes, lonofilament bundles and tubular-like structures which are characteristic of
epithelial cells. In addition, the cultured cells exhibit an aneuploid karyotype with a
mode of 66 chromosomes, including an extra-long subtelocentric chromosome. The cytosol
of the T-47D cells contains specific high affinity receplors for estradiol, progesterone,
glucocorticord and androgen. Sedimentation studies indicated that the four hormone-
receptor complexes were all 7-8S. Competition studies showed that steroid binding to
estrogen and progesterone receptors was inhibited only by the homologous hormone,
whereas binding of dexamethasone and dihydrotestosterone to their respective receplors
was inhibited by certain other steroids as well.

INTRODUCTION

tors which mediate cellular responses to the
corresponding hormone. Most of the informa-

EstABLISHED human mammary tumor cell . . .
tion available on the steroid responses of

lines obviously constitute an important tool for
immunological, genetic, virological and hor-
monal studies of human breast cancer.
Cultivation of long-term cell lines from solid
breast tumors has proven to be quite difficult
and few such human cultures have been re-
ported [1-5]. However, pleural effusion fluid
from breast carcinoma patients has provided
an excellent source of malignant cells usually
free of fibroblasts. Attempts to establish cell
lines from pleural effusion fluids have met
with some success in the past few years [6-
10]).

Several investigators have shown that cells
of certain mammary tumors in rodents and
humans possess specific steroid binding pro-
teins [11, 12]. These high affinity steroid
binding proteins presumably serve as recep-
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tumors i vitro, and on the cellular com-
ponents which bind steroids, stem from studies
performed on heterogeneous mammary tumor
samples shortly after their surgical resection
and short-term organ culture [13-15].

Steroid receptors in human mammary cells
grown in long-term culture have only been
demonstrated in the MCF-7 line [16, 17].
Other human mammary tumor cell lines that
have been investigated show little or no
steroid receptor activity [5].

This paper reports the successful establish-
ment of a new human cell line obtained
from the pleural effusion of a patient with
disseminated carcinoma of the breast. Cyto-
logic and ultrastructural studies indicate its
epithelial origin. The presence in these cells
of receptor proteins specific for estrogen,
progesterone, glucocorticoids and androgens,
the ability of these tumor cells to produce
casein in culture, their ability to be cultured
m vitro, and the presence of a characteristic
extra-long subtelocentric chromosome, indi-
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cate that this cell line will be a useful model
for exploring the properties, nature and
chemotherapy  of  this  important human
neoplastic disease.

MATERIALS AND METHODS

Establishment of cell lines

In November, 1974, pleural effusion fluid
was obtained by thoracocentesis of a 54-yr
old patient with inoperable infiltrating duct
carcinoma of the right breast. Cytopathologic
examination revealed red blood cells, lcuko-
cytes, histiocytes and tumor cell clusters.
After centrifugation at 800g for 10 min,
the cells were suspended in 10 ml of RPMI-
1640 medium supplemented with 100 calf
serum, 109 fetal calf serum, 0.2 i.u./ml
insulin (Wellcome), 20 pg/ml hydrocortisone
hemisuccinate (Dyosynth, OSS, Holland),
100 ug/ml streptomycin, 100 U/ml penicillin
and 25 pg/ml mycostatin. After incubation
for 24 hr at 37°C in 5%, CO,, the floating
cells were transferred and the adhered cells
refed. After 7 weeks of incubation, an cpithe-
loid colony was isolated which gave rise to a
cell line which formed monolayers and re-
tained differentiated epitheloid morphology on
subculture. For routine propagation, the
hydrocortisone was omitted from the medium.
This cell line was designated T-47D.

Electron microscopy

Cells from monolayer cultures were washed
with 0.05%) versene and collected by centri-
fugation at 800¢g for 10 min. The pelleted
cells were fixed in 5%, glutaraldehyde-caco-
dylate and postfixed in 19, osmium tetroxide
and embedded in Epon. Thin sections on
grids were stained overnight with uranyl
acetate, poststained with 0.5%, lead citrate
and examined in a Joel 100-B clectron micro-
scope.

Karyolype determination

Three-day old monolayer cultures were
treated with 0.5 pg/ml colchicine, incubated
at 37°C for 2 hr, trypsinized, washed, fixed
in methanol-acetic acid (3:1) and stained
with Giemsa.

Immunofluorescence

The casein content of sections of the ori-
ginal tumor and T-47D cell line was cvalu-
ated by the Coon’s immunofluorescence direct
mcthod employing fluorescein isothiocyanate

conjugated-goat  anti-human casein  kindly
supplied by Dr. J. Gruber (Office of Program
Resources and Logistics, National Cancer
Institute of the Virus Cancer Program. Sec-
tions of lactating mammary gland and non-
mammary tissues served as positive and nega-
tive controls.

Sterods

The following labeled hormones were used:
estradiol 178 [2,4,6,7(n)-*H], 83 Ci/mmole
(Amersham-Searle  Co.), R-5020 [17,21-
dimethyl-19-nor-4,9-pregnandienc-3, 20 dione-
6, 7-°H], 51.4 Ci/mmole (Roussel-UCLAF),
dexamethasone  [1(2)-*H], 28 Ci/mmole
(Amersham-Searle Co.), ) alpha-
dihydrotestosterone [1,2,4,5,6,7(n)-*H], (DHT)
140 Ci/mmole (Amersham-Searle Co.).

Nonradioactive estradiol, dexamecthasone
and testosterone were purchased from Sigma
Chem. Co., and R-5020 from Roussel-
UCLAF.

Cell culture for receptor delermination

For the experiments described, cells were
grown for six days at an initial concentration
of 107 cells/Roux bottle. Twenty-four hours
betore collection of cells, the medium was
supplemented with 2.5¢, FCS and 10 ug/ml

msulin.

Assay of cytoplasmic receptors

Aliquots (200 mg) of cytosol were incu-
bated with either TES (Tris-HCI 0.01 M,
EDTA 1.5 mM, sucrose 0.5 M, dithio-
threitol 0.5 mM, glycerol 10v%,, pH 7.4)
bufter or with 100-fold excess of nonradio-
active hormone for 30 min. Labeled hormone
[*H]-estradiol 5 nM, [*H|-R5020 40 nM,
[*H]-dexamethasone 30 nM or [*H]-5-alpha-
dihydrotestosterone 5 nM, was then added
and the mixtures incubated at 0°C. After 2
hr, 30 ul per sample of dextran-coated char-
coal (DCQC) suspension (charcoal 100 mg/ml,
dextran T-10 1 mg/ml in 0.01 M 'Tris-HCI,
1.5 mM EDTA, pH 7.4) was added. After a
15 min incubation with occasional stirring,
the charcoal was pelleted by centrifugation;
aliquots of the supernatant were added to 3
ml of Insta Gel and the radioactivity was
measured in a Beckman scintillation counter.

Sucrose gradient analysis
The cevtosol was incubated with labeled

sterold in the absence or presence ol non-
labeled competitor and treated with charcoal-
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Fig. 1. T-47D differentiated epithelial cell line growing tn monolayer culture. Nonstained preparation x 200.

Fig. 2. Electron micrograph of T-471D culture showing three adjacent cells irregularly shaped with large nucler and few

microvidlt x 6200.
Fig. 3. Electron micrograph of T-47D cell illusirating well-defined Golgi apparatus (G). Note dicylosomes composed of  several
lamellae with small coated vesicles and desmosomes (D) x 11,700,
Fig. 4. Electron micrograph of T-41D cell showing endoplasmic veticulum (ER), irregularly shaped nuclens and abundant
mitochondria (M) x 7800.
Fig. 5. Electron micrograph of T-37D showing well-defined intracytoplasmic duct-like vacuoles (DLV) x 7800.
Fig. 6. Electron micrograph to T-47D cells illustrating a cytoplasmic junction with well-defined desmosomes (D) and parallel
arrays of tongfilament bundles (T} x 31,000.
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Fig. 7. A representative karyotype of a T-47D cell showing 62 chromosomes including
markers (M).
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Fig. 8. Immunofluorescence stains of 47D cells (A1), lactating mammary gland
(B), and parent breast tumor of the 47D cell line (C) with anticasein serum. Note
bright cytoplasmic fluorescence in A and similar staiming pattern in B and C where
Jluorescence is seen primarddy at the apical border of the epithelial cells lining the
acinic and tumor glands and therr sections x 500.
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dextran as described above. Aliquots of 150
ul of the reaction mixtures were layered on a
5-209, sucrose gradient prepared in Tris—
EDTA buffer, pH 7.4, containing 109, gly-
cerol and centrifuged in an SW-36 rotor
(180,000 g, 18 hr at 4°C), in a Beckman
1.2-65 ultracentrifuge. Purified rabbit IgG (10
mg/ml) served as a 7S sedimentation marker.
Fractions were collected from the bottom of
the tubes directly into scintillation vials and
the radioactivity counted.

RESULTS
Morphology and ultrastructure

After repeated subculturing for over 3 yr,
the cells remain pleomorphic epithelioid cells
with basophilic cytoplasm. The nuclei are
large, irregularly shaped with loose chromatin
pattern and contain one to three nucleoli.
On electron microscopic examination, micro-
villi, desmosomes, tonofilament bundles and
intracytoplasmic duct-like vacuoles character-
istic of epithelial cells are evident. Also evi-
dent are large numbers of mitochondria, a
well developed Golgi apparatus, granular
endoplasmic reticulum and abundant-free
ribosomes (Figs. 1-6). Mycoplasmas were not
detected by standard culture methods or by
electron microscopy.

Karyotype analysis

Within the cell population there is a
considerable variation of chromosome number
ranging from 60 to 70, with a mode of 66
(Fig. 7). Furthermore, 2-39, of the cells have
a chromosome number close to 100. Dicen-
tric chromosomes and an extra long sub-
telocentric chromosome are characteristic.
Centromere elongation breaks (chromatidic
and isochromatidic) with resulting acentric
fragments and translocated chromosomes are
also frequently observed. No HeLa marker
chromosomes are present (Dr. W. A. Nelson-
Rees [Pers. Commun.]).

Immunofluorescence

When the cells were incubated with fluo-
rescein-conjugated antihuman casein, intense
cytoplasmic and membrane fluorescence was
observed in more than 609, of the T-47D
cells (Fig. 8A). In sections of human lac-
tating mammary gland, the fluorescence was
seen in the secreting acini as expected (Fig.
8B). No fluorescence was seen in either cells
of human colonic epithelium or of a human
lymphocyte cell line (NC-37). Casein was

C

also evident in the sections of the original
breast carcinoma (Fig. 8C).

Estrogen receptors

In all cases, estradiol binding was assayed
on the day the cytosol was prepared
although the activity was not detectably
affected by storage of the cytosol at —70°C
for 2 months. Specific binding was measured
by incubating various concentrations of cyto-
sol with 5 nM [*H]-estradiol for 2 hr at
4°C. Binding of the receptor by [*H]-estradiol
was a linear function of protein concentration
(Fig. 9). The time course of binding, mea-
sured at 1.6 mg cytosol protein per 200 ul
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Fig. 9. Specific binding of |*H)-estradiol in cell cytosol, with
increasing  protein concentration, determined following 2 hr
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Fig. Y0. Specific binding of |>H]-estradiol with time, de-
termined at a constant cytosol protein concentration (8 mg/ml).

assay mixture (8mg/ml), showed that an
equilibrium was reached after 3 hr (Fig. 10).
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Specific binding was calculated from the dif-
ference in the amount of [*H]-estradiol bound
in the presence and absence of an excess of
unlabeled estradiol. The receptor content of
the T-47D cells was 17 fmole bound estra-
diol/mg protein.

The sedimentation pattern of the T-47D
estradiol receptors on sucrose density gradi-
ents 1s shown in Fig. 11A. A radioactive
peak was obtained in the 8S region. The
binding is totally suppressed by the addition
of an excess of unlabeled estradiol but not
of unlabeled R-5020 progesterone or dexa-
methasone. The dissociation constant for
specific estradiol binding, obtained from the
Scatchard plot was 2.98 x 10~ M (Fig. 11B).

Progesterone receptors

We have found that T-47D cells have 8S
receptors for progesterone as measured with
[*H]-R-5020, a highly potent progestin (Fig.
12A). Competition studies with unlabeled hor-
mones show that only R-5020 or progesterone
were able to compete for binding of [*H]-R-

[ heydai eval.

5020. No significant competition was detected
with unlabeled estradiol or dexamethasone.
The dissociation constant of R-5020 for this
receptor was found to be 3.57 x 107°M (Fig.
12B) and the average receptor concentration
was 254 fmole/mg cytosol protein.

Glucocorticoid receptors

Glucocorticoid receptors were measured by
radioactive dexamethasone, either alone (40
nM) or in combination with 100-fold excess
of nonradioactive steroid.

The results shown in Fig. 13A indicate
that dexamethasone, R-5020 and progesterone
effectively  inhibited  [*H]-dexamethasone
binding, while estradiol only partially com-
petes for the glucocorticoid receptor. The
glucocorticoid receptor sediments in the 7-8S
region of the gradient. The Kd was found to
be 3.29x107° M (Fig. 13B) and the cells
contained 29 fmole/mg protein of glucocor-
ticoid receptors.
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Fig. 11A.  Sucrose gradients of cell cytosols (10 mg/ml) incubated with

labeled *estradiol (O -- Q) in the presence or absence of 100-fold unlabeled
estradiol (M0--W) R-5020 (A --A), progesterone (& --A) o7
dexamethasone (@ - - @ );
Fig. 11B. Scatchard plot of the binding of varying concentrations of [3H]-
estradiol with a constant cytosol level (9.3 mg/ml).
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Fig. 12A.  Sucrose gradients of cell cytosols (5 mg/ml) incubated with
labeled *R-5020 (A -- A) in the presence or absence of 100-fold unlabeled
R-5020 (M--M). progesterone (O--Q), estradiol (A--A) or
dexamethasone (@ —— @ );
Fig. 12B.  Scatchard plot of the binding of varying concentrations of [*H]-
R-5020 with a constant cytosol level (4 mg/ml).

Androgen receptors

The results shown in Fig. 14A indicate
that these cells have androgen receptors, as
measured by their ability to bind [*H]-5-a-
dihydrotestosterone (DHT). The gradients
revealed a decrease in androgen binding in
the 7-8S region with DHT and R-5020 and a
partial inhibition with estradiol and dexa-
methasone. The dissociation constant for
androgen binding was found to be 4.8 x
107°M (Fig. 14B). The cytosol contains
approximately 3 fmole/mg protein of DHT-
receptor.

DISCUSSION

We describe here the isolation and cha-
racteristics of a human mammary tumor cell
line which was established and has been
maintained in our laboratory for over 4 yr.

As suggested by Buehring et al. [18] and
Seman et al. [19], the ultrastructure of cells in
culture may reflect their tissue of origin.

Even after several years of passage the T-47D
cell line contains desmosomes, tonofilaments
and intracytoplasmic duct-like vacuoles which
indicate an epithelial origin. Strong evidence
for the mammary origin of the T-47D cells,
is that like the original carcinoma, the cell
line exhibits fluorescence when tested by the
direct immunofluorescence technique with
goat anti-human casein serum. Further evi-
dence for the mammary origin of the T-47D
cells is also provided by the presence of
cytoplasmic steroid receptors which are cha-
racteristic of mammary cells. The high
affinity nature of this hormone receptor is
evident from the finding of a radioactive
7-8S binding component which is markedly
suppressed by the addition of an excess of
the wunlabeled homologous hormone. The
Scatchard plot of the interaction of cytosol
with increasing hormone concentrations re-
veals a high affinity binding component in
cytosol for each of the four steroids tested.
The steroid receptors in T-47D cells share
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Fig. 13A.

Sucrose gradients of cell cytosols (8.5 mg/ml) incubated with

labeled *dexamethasone (@ -- @) in the presence or absence of 100-fold
unlabeled dexamethasone (M -- M), estradiol (O --CO), R-5020 (A --A)
or progesterone (M -- &),
Fig. 13B. Scatchard plot of the binding of varping concentrations of [*H]
dexamethasone with a constant ¢ytosol level (6.2 mg/ml).
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several similar properties with the receptors
reported in the MCF-7 line [17]. The studies
on the specificity of the receptor sites using
competition by various hormones show that
estradiol and progesterone receptors bind only
the respective homologous hormone. Dexa-
methasone and DHT receptors, however,
were able to bind other steroids as well,
though less effectively than the homologous
steroids. The fact that dexamethasone and
DHT binding molecules sediment on sucrose
density gradients at about 8S suggests that
these are true receptors. Similar results of
cross-competition for glucocorticoid and DHT
receptors by various steroids have also been

Fig. 14A.  Sucrose gradients of cell cytosols (6 mg/ml)
incubated with labeled *5-alpha-dihydrotestosterone (DHT)
(@--@), in the presence or absence of 100-fold unlabeled
DHT (H--W), R-5020 (O--0), estradiol {(/\--/\), or
dexamethasone (4 -- A);
Fig. 14B.  Scatchard plot of the binding of wvarying con-
centrations of [PH|-DHT with a constant cytosol level
(6 mg/ml).
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reported for other tissues and cells [17, 20,
21].

In view of the data reported for MCF-7
cells [17] and from our results in T-47D
cells, the assumption suggested by Wittliff
[22] that two different hormones may become
associated with a single receptor site appears
unlikely. In both types of cells, progesterone
competes for glucocorticoid receptors, while
dexamethasone is ineffective in competing for
progesterone receptors. In T-47D cells, estra-
diol also competes for the glucocorticoid
receptor but no effective competition was
observed with dexamethasone for estradiol
receptor.

This line of human mammary carcinoma
cells may provide a novel system to explore
fundamental aspects of hormone-tumor inter-
actions, including clarification of how hor-
mones regulate receptor levels [5, 13] and
modify cell metabolism. They also offer pos-
sible opportunities for the evaluation of
chemotherapeutic agents.

ADDENDUM

Recently an analysis of the 47D cell line was
carried out at the Child Research Center of
Michigan under Contract N0O1-CP-3-3333 from
the Division of Cancer Cause and Prevention,
National Cancer Institute.

The following information was obtained: The
47D cell line is of human origin as shown by
reaction with human antiserum and by i1soenzyme
and cytogenetic analysis. The glucose-6-phosphate
dehydrogenase mobility is that of human type B,
the LDH mobility pattern is human, and shows
only the lactate dehydrogenase band 5.
Cytogenetically, all metaphases examined have hu-
man chromosomes, and a characteristic large sub-
telocentric marker chromosome. The modal
chromosome number is 66.

The trypsin—Giemsa banded karyotype is shown
in Fig. 15. No normal No. 9 chromosome could be
found. Unassignable chromosomes comprise the
last row with M indicating marker chromosomes.
M, — the long subtelocentric chromosome appears
to be an inverted No. 1 chromosome, with the p
arms of the marker chromosome being the upper
portion of the ¢ arms of the No. 1 chromosome
The middle third has an insertion of a portion of
the ¢ arms of a 7, 8 or 9 chromosome attached to
a portion of the p arms of the No. | chromosome.
The lower third of the chromosome has the lowest
four bands found in the normal No. 1 chromo-
some. The Mj is most likely derived from the No.
9 chromosome. My is probably an altered No. 10
chromosome.

Note added in proof

Prior to our receiving the galley proofs of this munu-
script, a report by Horowrrz et al. Cancer Res. 38, 2131
(1978) was published confirming the presence of steroid
hormone receptors in the T-47D cell line.
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