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ABSTRACT

The emergence of resistant cells reduces the efficacy of many forms of
drug therapy in human breast cancer. In order to understand some of the
possible mechanisms by which hormonally dependent human breast
cancers develop resistance to progestin therapy we have developed a
human breast cancer cell line (5-RP) which is resistant to the growth
inhibitory effects of progestins in culture. These cells routinely grow in
10 MMmedroxyprogesterone acetate (MPA). The cell line was developed
from T-47D-5 human breast cancer cells by stepwise selection in increas
ing concentrations of MPA. The progestin-resistant phenotype was rel
atively stable as assessed by the removal of MPA from the medium for
varying periods of time. 5-RP cells passaged in the absence of MPA were
still essentially insensitive to the growth inhibitory effects of MPA for
at least 22 passages. Even at 53 passages out of the drug the 5-RP line
was still less sensitive than the original T-47D-5 parent line.

Transforming growth factor-Â«(TGF-a) and epidermal growth factor
(EGF) receptor mRNA were both increased in the 5-RP line compared
to the T-47D-5. Consistent with increased TGF-a expression, the EGF
receptor measured by ligand binding was decreased. When the cells were
removed from MPA, TGF-a expression declined gradually, but EGF-
receptor mRNA levels increased, as did EGF-binding activity.

These cells remained estrogen and progesterone receptor positive.
Although progestins did not downregulate estrogen receptor expression,
they did downregulate progesterone receptor expression in the 5-RP line.
The progesterone receptor level of the 5-RP line, in the absence of MPA,
was approximately 58% of that found in T-47D-5 cells, even after MPA
had been removed for long periods of time. This decrease in receptor
level was reflected in decreased ability to respond to progestins as
assessed by the decreased ability of MPA to activate expression of both
an endogenous gene (EGF receptor) as well as a transiently transfected
progestin-responsive gene (MMTV-TK-CAT).

Progestin resistance in the 5-RP cell line appears to be multifactorial,
involving both increased growth factor expression and decreased receptor
levels. It is likely, however, that these two aspects do not account entirely
for the progestin-resistant phenotype and as yet other unidentified mech
anisms may also be involved.

INTRODUCTION

Although antiestrogens remain the first choice of hormonal
manipulative therapy for human breast cancer, progestin treat
ment of hormone-dependent breast cancer is receiving renewed
attention. Tumors which have become resistant to antiestrogen
treatment often may respond subsequently to other forms of
endocrine therapy such as progestin treatment (1). These ob
servations suggest that antiestrogens and progestins may act by
different mechanisms to promote remission in breast cancer
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(2). However, progestin therapy, like antiestrogen treatment, is
limited by the development of resistance in the tumor. In order
to investigate the molecular mechanisms whereby human breast
tumors develop resistance to progestin therapy we have under
taken to develop human breast cancer cell lines that are resistant
to the growth inhibitory effects of progestins in vitro. We
present data in this paper describing the characteristics of a
progestin-resistant cell line developed from T-47D-5 human
breast cancer cells (3) by stepwise selection in increasing con
centrations of the synthetic progestin, MPA.1 We report here
the rapid evolution of a relatively stable progestin-resistant
phenotype in this cell line.

MATERIALS AND METHODS

Materials. MPA and estradici 17/3 were purchased from Sigma
Chemical Co. (St. Louis, MO). R 5020, pHJR 5020 (87 Ci/mmol), ['H]
estradiol 17/3 (37.9 Ci/mmol), '"I-murine EGF, and [J2P]dCTP were
purchased from NEN (Lachire, Quebec, Canada). 4-Hydroxytamoxifen
was a gift from ICI (Macclesfield, Cheshire, England). Murine epider
mal growth factor was purchased from Collaborative Research (Bed
ford, MA). Dulbecco's minimal essential medium powder and fetal

bovine serum were purchased from Gibco/BRL (Burlington, Ontario,
Canada). All other cell culture medium ingredients were purchased
from Flow Laboratories (Mississauga, Ontario, Canada). Leupeptin
and pepstatin A were from Sigma, aprotinin (10,000 kallikrein inacti
vating units/ml) was from Miles Pharmaceuticals (Rexdale, Ontario,
Canada), and recombinant human TGF-a was from UBI, Inc. (Lake
Placid, NY).

Cells. The T-47D-5 line was kindly provided by Dr. R. L. Sutherland
(Garvan Institute for Medical Research, Sydney, Australia) in whose
laboratory it was originally isolated (4). The cells were grown in
Dulbecco's minimal essential medium supplemented with 5% fetal

bovine serum, glutamine, glucose, and penicillin-streptomycin (3). Cells
were harvested by scraping the cells with a rubber policeman. After
centrifugation the cell pellet was frozen and stored at â€”70Â°Cuntil RNA

was isolated.
The 5-RP cell line was isolated from T-47D-5 cells by plating an

aliquot of these cells in the above medium containing 1 ftM MPA.
Medium containing MPA was replenished every 3-4 days. When the
surviving cells had grown to a high density but were still less than
confluent, an aliquot of these cells was plated in the presence of a
higher concentration of MPA. Sequentially, 1.0, 2.5, 5.0, 7.5, and 10
/iM MPA were used.

For cell growth experiments, cells were plated at approximately IO4
cells/30-mm dish. Two days later the medium was replaced with fresh
medium containing varying concentrations of the drugs to be tested.
Cells were harvested, in triplicate, 5 days later and cell numbers were
counted using an electronic cell counter.

RNA Extraction and Northern Blot Analysis. RNA was isolated by
the guanidinium thiocyanate/cesium chloride method (5). Poly(A)+
RNA was isolated by one cycle of oligo(dT)-cellulose chromatography
(6). Ten to 15 ^g of poly(A)+ RNA was denatured in 50% (v/v)

formamide and 2.2 M formaldehyde, size separated by electrophoresis

'The abbreviations used are: MPA, medroxyprogesterone acetate; TGF-a,
transforming growth factor-Â«; EGF, epidermal growth factor; ER, estrogen
receptor; PgR, progesterone receptor; poly(A)*, polyadenylate; cDNA, comple

mentary DNA; SDS, sodium dodecyl sulfate; SSC, standard saline citrate; CM,
conditioned medium; CAT, chloramphenicol acetyl transferase.
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on 1% (w/v) agarose gels containing 2.2 M formaldehyde, and then
blotted onto nitrocellulose (7). Filters were baked for 2 h at 80Â°Cunder

vacuum and then prehybridized in hybridization solution for at least 3
h. The filters were then hybridized sequentially with the 1.9-kilobase
pair human EGF cDNA insert from A EGFI5(c) (8), the pE7 cDNA
insert for the human EGF receptor (kindly provided by Dr. I. Pastan),
a 900-base pair human TGF-Â«cDNA insert (kindly provided by Dr. G.
I. Bell), and the human estrogen receptor cDNA insert, OR-8, and the
human progesterone receptor cDNA insert (both kindly provided by
Dr. P. ChambÃ³n). Each hybridization was carried out after the signal
from the previous hybridization had decayed. Hybridizations, usually
for 48 h, were performed at 42Â°Cin the presence of 50% (v/v) deionized
formamide, 5x Denhardt's solution (Ix Denhardt's = 0.02% (w/v)

each of bovine serum albumin, Ficoll, and polyvinylpyrrolidine), 5x
standard saline phosphate EDTA ( 1x standard saline phosphate EDTA
= 1.15 M NaCI, 0.01 M NaH:PO4. l mM EDTA), 250 Mg/ml denatured
salmon sperm DNA, and 0.1% SDS. At the end of the hybridization
period the blots were washed twice in 2x SSC, 0.1% SDS (Ix SSC =
0.15 M NaCI, 0.015 M sodium citrate) for 15-30 min at room temper
ature, followed by three 20-min washes in O.lx SSC, 0.1% SDS at
65Â°C.Filters were also hybridized with chicken 0-actin cDNA (9) as a

control for differences in the amount of RNA loaded on the gel. Filters
were exposed to Kodak XAR film at -70Â°Cwith an intensifying screen.

Whole Cell Kstrogen and Progesterone Receptor Assays. Cells were
plated in charcoal-stripped fetal calf serum-containing medium into 24-
multiwell plates. Three to 4 days later whole cell estrogen and proges
terone receptor assays were performed as previously described (10).
pHJEstradiol 170 and excess unlabeled estradiol 170, ['HjR 5020, and

excess unlabeled R 5020 were used to determine estrogen and proges
terone receptor binding and nonspecific binding, respectively. The
progesterone receptor assay was also done in the presence of 100 nM
dexamethasone to minimize binding of R 5020 to the glucocorticoid
receptor in these cells.

EGK Receptor Assays. Cells were plated in medium containing 5%
fetal bovine serum in 6-wcll plates. Three to 5 days later they were
assayed for EGF-binding activity as previously described (11). Where
cells were to be treated with M PA, fresh medium with the appropriate
concentration of M PA was added 24 h before the binding assay was
performed.

Preparation of Conditioned Medium and Radioimmunoassay for TGF-
a. Cells were grown to 60-80% confluency in fetal bovine serum-
containing medium as described above. The serum-containing medium
was replaced with serum-free medium overnight. This latter medium
was discarded and fresh serum-free medium was added and collected
after 48 h of conditioning. The CM was placed on ice and the following
protease inhibitors were added to give the indicated final concentration:
1 mM phenylmethylsulfonyl fluoride, 20 kallikrein inactivating units/
ml aprotinin, 20 ng/ml leupeptin, and 20 ng/ml pepstatin. The CM
was centrifuged at 3000 x g for 15 min at 4Â°Cand then filtered through

a 0.45-nm filter (MSI; Fisher Scientific, Winnipeg, Manitoba, Canada).
The CM was then concentrated between 100- and 200-fold using an
Amicon ultrafiltration unit and Diaflo YM5 membranes (Amicon Di
vision of W. R. Grace and Co., Danvers. MA). The concentrated
conditioned media were stored frozen until assayed. Unconditioned
medium was also treated and concentrated as described above and
provided the medium blank.

TGF-a immunoreactivity in conditioned medium was assayed using
a TCP-Â«radioimmunoassay kit (Biotope, Inc., Seattle, WA). The assay
was performed in duplicate. Two independently conditioned samples
of medium from T-47D-5 cells were assayed and four independent
samples of conditioned medium from 5-RP cells in the presence of 10
MMM PA were assayed.

DNA Transfection and CAT Assay. T-47D-5 and 5-RP cells which
had been removed from M PA for 6-8 passages were transfected with 6
Mgof MMTV-TK-CAT vector (TK-CAT-5A kindly provided by Dr. M.
Beato; Ref. 12) plus 4 ^g of pCHl 10(0-galactosidase expression vector;
Pharmacia. Baie d'Urfe, Quebec, Canada) by the calcium phosphate/

glycerol shock method (13), with modifications. After 6 h incubation
with the calcium phosphate-precipitated DNA, the cells were shocked

with 20% (v/v) glycerol for 5 min. The cells were then treated with
vehicle alone or 10 nM MPA. Forty-eight h later, the cells were
harvested and a supernatant fraction was prepared as previously de
scribed (14). Chloramphenicol acetyltransferase and 0-galactosidase
activities of an aliquot of each supernatant containing 40 jig of protein
were measured using standard protocols (14, 15).

RESULTS

Development and Stability of a Progestin-resistant Cell Line
from T-47D-5 Human Breast Cancer Cells. We have previously
shown that the T-47D-5 human breast cancer cell line is sensi
tive to the growth inhibitory effects of MPA in culture (3). Cells
which are resistant to the growth inhibitory effects of MPA
have been selected from the parent T-47D-5 cells by stepwise
selection in increasing concentrations of MPA (from 1-10 ^M).
Development of the 5-RP cell line was achieved over a period
of approximately 3 months. At passage 11 the cells were placed
into 10 Â¿tM MPA, the concentration in which they are routinely
maintained. Fig. 1 shows a comparison of the sensitivity to the
growth inhibitory effects of MPA of our stock resistant line (5-
RP) and the original parent T-47D-5. MPA has little, if any,
effect on the proliferation of the 5-RP line but significantly
inhibits the proliferation of the T-47D-5 line. The doubling
time of 5-RP and T-47D-5 cells, grown in medium not contain-

100

10 10 10

Concentration (M) MPA
Fig. I. Effect of increasing concentrations of MPA on Ihe proliferation rate of

T-47D-5 cells (â€¢).5-RP routinely maintained in 10 ^M MPA (A). 5-RP grown
in the absence of MPA for 11 passages (A), 5-RP grown in the absence of MPA
for 22 passages (4), and 5-RP grown in the absence of MPA for 53 passages ( ).
Mean doubling times were calculated from the initial (nÂ¡)and final (n,) cell
numbers from the equation:

Doubling time = t log 2
(A)

where t is time between nÂ¡and nt. From this the proliferation rate could be
calculated as rr control:

Proliferation rate ('r control) = Doubling lime (control) x 100

Doubling time
(B)

Points, means: bars, Â±SEM:n = 3. Any points which do noi appear to have error
bars represent values for which the error bars are within the dimensions of the
symbols used.
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Fig. 2. Expression of steroid receptors and growth factors in progestin-resistant
cells. Experiment 1: 15 ^g each of poly(A)* RNA isolated from T-47D-5 (lane
1). 5-RP maintained in MPA (lane 2), 5-RP without MPA for 35 passages (lane
3), and 5-RP without MPA for 15 passages (lane 4) was subjected to Northern
blot analysis. Experiment 2: 10 /jg of poly(A)* RNA isolated from T-47D-5 (lane
5). 5-RP maintained in MPA (lane 6), 5-RP without MPA for 21 passages (lane
7), and 5-RP without MPA for 42 passages (lane 8) was subjected to Northern
blot analysis. The pattern of hybridization with the human PgR cDNA (A), with
the human ER cDNA (B), with the human TGF-iv (C). with the human EGF
receptor (EGF-R) cDNA (D). and with the chicken /Â¿-actin(B-actin) cDNA (Â£).
Arrows, positions of residual 28S and I8S ribosomal RNA. Estimation of molec
ular size of the various mRNA was made by comparison with the position of 28S
and 18S ribosomal RNAs.

ing MPA, was 1.115 Â±0.012 and 1.115 Â±0.015 days (mean Â±
SEM, n = 3), respectively.

In order to assess the stability of the progestin-resistant
phenotype in the 5-RP cell line, aliquots of cells were passaged
for various periods of time in the complete absence of MPA.
Fig. 1 shows the effect of MPA on the proliferation rate of the
5-RP cells which have been grown in the absence of MPA for
11,22, and 53 passages (cell stocks are routinely passaged every
5-6 days). The doubling times for each of these cell lines grown
in the absence of MPA were 1.088 Â±0.01, 1.058 Â±0.01 and
0.945 Â±0.01 days, respectively. The progestin-resistant phe
notype was stable for at least 11 passages out of the drug (Fig.
1). At 22 passages out of the drug there is little, if any, effect
of MPA on the growth of the 5-RP cell line. After longer
periods of time there was a gradual drift back to a more sensitive
phenotype. However, even at 53 passages, i.e., 38-45 weeks,
out of the drug, the 5-RP line is still significantly less sensitive
than the T-47D-5 parent line to the growth inhibitory effects
of MPA.

Steroid Hormone Receptor Status of the 5-RP Cell Line. The
estrogen and progesterone receptor status of the 5-RP line in
the presence of MPA and at various times after MPA had been

Table I (iene expression in 5-RP cells in the presence or absence of MPA for
varying periods of lime

Various exposures of autoradiograms of Northern blots specifically hybridized
with the appropriate radiolabeled cDNA were quantitated by densitometric scan
ning. Signals were corrected for gel loading using the Â»i-actinmRNA. The value
of the signal obtained for T-47D-5 cells was arbitrarily given the value of 100%
and the other samples were expressed relative to the T-47D-5 sample.

mRNA levels (% control)

Experiment1T-47D-55-RP

MPA5-RP
NDp355-RPNDpl5Experiment

2T-47D-55-RP

MPA5-RP
NDp215-RP

NDp42Experiment

3T-47D-55

RPMPA5-RP
NDp5Experiment

4T-47D-55-RP

MPA5-RPNDplOPgR100177067100246467UM)II4810040231ER100141140117100111895910011969100246266TGF-Â«100295135130100268118115100265116100366282EGF

receptor100112246200100148271320100154177100163554

removed from the growth medium were examined. Classical
ligand-binding assays were initially used to measure estrogen
and progesterone receptor levels. The level of ER in the 5-RP
line (68171 Â±9097 sites/cell, Ka = 0.44 Â±0.15 nM, n = 6) was
slightly increased compared to that of the parent T-47D-5
(56440 Â±1688 sites/cell, KA= 0.28 Â±0.02 nM, n = 6). Little,
if any, PgR is measurable in the 5-RP line maintained in MPA.
This may, in part, be due to isotopie dilution as a result of the
presence of high concentrations of unlabeled MPA; however,
as can be seen in Fig. 2 and Table 1, the level of PgR mRNA
in the 5-RP line maintained in MPA is markedly downregulated
compared to the sensitive T-47D-5 parent line. When the cells
were passaged in the absence of MPA, PgR was now measurable
by ligand-binding assay but the PgR level was decreased on
average to approximately 58% compared to that seen in the
original parent, T-47D-5 line. The level of ER and PgR mRNA
levels were determined by Northern blot analysis and generally
reflected the results obtained from binding studies (Fig. 2, Table
1). Northern blots were quantitated by densitometry and cor
rected for RNA loading using actin hybridization. The signal
obtained with T-47D-5 RNA of any given experiment was
assigned the arbitrary value of 100%. The quantitative results
of 4 separate experiments are presented in Table 1.

Growth Factor and Growth Factor Receptor Gene Expression
in the 5-RP Cell Line. We have previously shown that the
expression of TGF-Â«and epidermal growth factor receptor are
progestin responsive in some human breast cancer cell lines
(11, 16, 17). Therefore, the expression of transforming growth
factor-Â«and epidermal growth factor receptor was examined at
the mRNA level in the progestin-resistant cell line in the
presence and absence of MPA (Fig. 2). EGF is not expressed
in the parental T-47D-5 cells (3), nor was its expression induced
in the progestin-resistant 5-RP cell line (data not shown). The
level of TGF-Â£YmRNA in the resistant line in the presence of
MPA was consistently found to be elevated (Fig. 2C). Quanti-
tation of Northern blots of 4 separate experiments indicated
that the 5-RP line grown in the presence of MPA contained 3
Â±0.2-fold (n = 4) more TGF-Â« mRNA than the original T-
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47D-5 cell line (Table 1). TGF-a immunoreactivity was meas
ured in the conditioned medium of T-47D-5 and 5-RP cells
maintained in the presence of MPA. The conditioned medium
from T-47D-5 cells (n = 2) contained 1.12 Â±0.11 pM/106 cells
(range, 1.01-1.22 pM), while that in 5-RP cells (n = 4) contained
1.94 Â±0.2 pM/106 cells (range, 1.5-2.36 pivi). This represented
a 1.73-fold increase in detectable TGF-Â« immunoreactivity in
the medium of the resistant cell line. When the 5-RP cells were
removed from the drug, the level of TGF-a mRNA gradually
declined with increasing passages out of MPA, although even
after 42 passages out of the drug a slight elevation of TGF-a
mRNA was still apparent (Fig. 2C; Table 1).

The level of EGF receptor mRNA in the 5-RP line in the
presence of MPA was slightly elevated compared to the T-47D-
5 parent line (Fig. 2D). When data from 4 separate experiments
were quantitated EGF receptor mRNA in the 5-RP line in the
presence of MPA was increased 1.4 Â±0.1-fold (n = 4) compared
to the T-47D-5 line. However, when the 5-RP line was removed
from MPA for varying periods of time the level of EGF receptor
mRNA was consistently found to be elevated 3 Â±0.5-fold (n =
6; obtained from pooling the results of single determinants
obtained at passages 5, 10, 15, 21, 35, and 42 out of MPA; see
Table 1).

The EGF receptor was measured by ligand-binding assay in
the T-47D-5 and in the 5-RP cell line maintained in the
presence and absence of MPA for varying periods of time (Table
2). In all cases the level of EGF receptor was decreased in the
5-RP line maintained in the presence of MPA when compared
to T-47D-5 cells. When MPA was removed from the 5-RP for
varying periods of time the level of EGF receptor was increased
compared to the 5-RP in the presence of MPA (Table 2). The
level of EGF receptor in the 5-RP cells without drug was found
to be elevated except for one instance when compared to the T-
47D-5 cell line. In contrast, EGF receptor mRNA was increased
slightly in the 5-RP cells maintained in MPA and further
increased when those cells were removed from the drug (Fig. 2;
Table 1).

Effect of Exogenously Added TGF-a on the Growth Inhibitory
Response of 5-RP Cells Removed from MPA. Since the in
creased endogenous expression of TGF-a was associated with
progestin resistance and its decline was associated with the
return to progestin sensitivity, it can be speculated that addition
of exogenous TGF-a should partly reverse the increased pro
gestin sensitivity of 5-RP cells which have been removed from
MPA. The data from such an experiment are shown in Fig. 3.
Addition of 10 ng/ml of recombinant human TGF-a to 5-RP
cells which have been grown for 50 passages in the absence of
MPA partially decreases the sensitivity of the cells to the growth
inhibitory effects of MPA.

Effect of Progestins on Endogenous and Exogenous Gene
Expression in the 5-RP Cell Line. The 5-RP line is resistant to
the growth inhibitory effects of MPA and this resistance is
relatively stable for at least 22 passages after the drug has been
removed from the cells (Fig. 1). It was therefore of interest to
investigate the sensitivity of endogenous genes, e.g., EGF re
ceptor, normally responsive to MPA in the original parent line
as well as an exogenous progestin-responsive gene, e.g.,
MMTV-TK-CAT, to progestins in the 5-RP cell line.

The effect of increasing concentrations of MPA on EGF
binding in T-47D-5 cells is shown in Fig. 4. MPA increased the
level of EGF receptor in these cells in a dose-dependent fashion
over the concentration range of 0-10"8 M. However, the 5-RP

cell line removed from MPA for various periods of time showed

Table 2 Progesterone and EGF binding in 5-RP cells in the presence or absence
of MPA for varying periods of time

Progesterone and EGF receptors were measured by ligand binding using a
whole cell assay as described in "Materials and Methods." In each experiment
the value obtained for T-47D-5 cells was given a value of 100% and the other cell
lines were expressed relative to the T-47D-5 cells.

Progesterone receptor
EGF receptor

d (nM) % control (% control)0Sites/cell

Experiment1T-47D-55-RP

MPA5-RPND*plO5-RP

NDp30Experiment

2T-47D-55-RP

MPA5-RPNDpl55-RP

NDp35Experiment

3T-47D-55-RP

MPA5-RP
NDp215-RP

NDp42"
Mean Â±SEM.*
ND, no drug.356,42140,079216,724276,489372,140Undetected150,174207,829323,958Undetected198,433173,3661.93.62.12.41.51.31.72.21.41.910011.260.877.610040.455.810061.353.5100

Â±8.730.3
Â±7.260.3
Â±6.6102.5
Â±5.6100

+966.8
Â±4.3149.2
Â±47.7116.7
Â±11.7100

Â±438.1
Â±13111.9Â±

2159.1
Â±32

110-,

10

Concentration (M) MPA
Fig. 3. Effect of exogenously added TGF-n on the MPA-induced inhibition of

proliferation of 5-RP cells withdrawn from MPA. Proliferation rate was calculated
as for Fig. 1. Effect of increasing concentrations of MPA on the proliferation rate
of 5-RP cells routinely grown in 10 MMMPA (*) and 5-RP cells removed from
MPA for 50 passages in the absence (â€¢)and presence (O) of 10 ng/ml human
TGF-a. Points, means; bars, Â±SEM;n - 3.

a marked decrease in response to MPA in terms of increased
EGF receptor levels (Fig. 4).

Similarly, the ability of MPA to activate a transiently trans-
fected exogenous progestin-responsive gene, MMTV-TK-CAT,
in the 5-RP line was markedly reduced compared to the T-
47D-5 parent line (Table 3). The ability of PgR in the 5-RP
line to activate transcription CAT gene ranges from 5.2% (when
2 x 10" cells were transfected) to 14.4% (when 1 x IO6 cells

were transfected) of the activity found in the T-47D-5 parent
cell line. This range was calculated by using the mean fold
induction of the two experiments and the value of T-47D-5
cells was arbitarily attributed a value of 100% activity.

DISCUSSION

In human breast cancer the emergence of resistant cells
reduces the efficacy of many forms of drug therapy. In order to
understand some of the possible mechanisms by which hor-
monally dependent breast cancers develop resistance to proges
tin therapy we have developed a breast cancer cell line which is
resistant to the growth inhibitory effects of the synthetic pro-

2054

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/8/2051/2446858/cr0510082051.pdf by guest on 19 M

ay 2023



PROGESTIN-RESISTANT HUMAN BREAST CANCER CELLS

200 n

180^

o
O
cÂ£l60i
o>
e

? 140
co
u.
O

^120

u
iÃ¼IDO
u
0)
a

(O

-10 -9 -8 -7 -6
O 10 10 10 10 10

Concentration(M) MPA
Fig. 4. Effect of acute administration of increasing concentrations of MPA on

'"I-EGF binding in T-47D-5 cells (â€¢),5-RP cells removed from MPA for 11
passages (A), and 5-RP cells removed from MPA for 42 passages (A). Cells were
treated with MPA for 24 h and then EGF binding was measured as described in
"Materials and Methods." Points, means; bars, Â±SEMof triplicate measurements.

This entire experiment was repeated a second time with essentially similar results.

gestin, MPA. The progestin-resistant line, 5-RP, developed
from T-47D-5 human breast cancer cells by stepwise elevation
of MPA concentration over a period of 3 months, has been
grown routinely in the presence of 10 UMMPA with a doubling
time not significantly different from the original parent line,
grown in the absence of progestin. When 5-RP cells were taken
out of MPA for varying periods of time the doubling time of
the cells remained quite similar to that when grown in the
presence of MPA. This is in contrast to the "M" cells, a cell

line selected for resistance to the growth inhibitory effects of
MPA from MCF-7 cells (18) where MPA appears to exert a
growth stimulatory effect.

In our hands T-47D-5 cells are more sensitive than T-47D
cells to the growth inhibitory effects of both progestins and
antiestrogens (3). These results are in contrast with those ob

tained by Reddel et al. (4). Furthermore, the level of progester
one receptor in our T-47D-5 cells is also different from that
reported by Reddel et al. (4). There are a number of possible
reasons for these apparent discrepancies.

1. Because of the known genetic variability of T-47D cells,
this "wild-type" cell line in our laboratory may be different

from that of Reddel et al. (4). Indeed, the doubling time of our
cells (approximately 48 h) (3) is slower than the approximately
35 h doubling time of the wild-type T-47D-7 cells reported by
Reddel et al. (4). Since all measures are relative to the wild-
type line, differences at this level may account for the apparent
discrepancy. However, the wild-type T-47D cells of both labo
ratories are estrogen receptor positive and, although the abso
lute receptor concentration varies between laboratories, the T-
47D wild-type line was found in both laboratories to contain
approximately 10-fold more progesterone receptor than the T-
47D-5 cell line (3, 4).

2. Differences in culture conditions may also explain the
apparent difference between our findings and those of Reddel
et al. (4). Reddel et al. (4) routinely grow their cells in fetal
bovine serum with 10 Mg/ml insulin. Our routine growth me
dium does not have added insulin. Insulin is often a potent
growth factor for breast cancer cells and has been shown to
reduce their sensitivity to the antiproliferative effects of proges
tins (19); furthermore, insulin may alter the sensitivity of breast
cancer cells to other agents such as estrogens (20).

3. In addition, the T-47D-5 cell line was obtained by us as an
uncloned line. Our growth conditions may have selected a
population with different sensitivities to these agents compared
to the line maintained in Sutherland's laboratory (4).

It has been shown previously that exogenous addition of
growth factors such as epidermal growth factor and insulin
would partially reverse the growth inhibitory effects of proges
tins in T-47D cells (3, 19). It is of interest that the T-47D-5
cell line, which does not express epidermal growth factor and
has a very low level of transforming growth factor-Â«expression
compared to the parent cell line, is much more sensitive to the
growth inhibitory effects of MPA compared to the growth
factor-expressing T-47D cell line (3). These observations sug

gested to us that increased endogenous expression of growth
factors may be one mechanism whereby cells develop resistance
to the antiproliferative effects of agents such as progestins. The
observation that the 5-RP cell line has 3-fold more transforming
growth factor-Â«mRNA expression than the original progestin-
sensitive T-47D-5 parent is consistent with this hypothesis.

Table 3 Effect of MPA on the expression of an exogenous progeslin-responsive gene (MMTV-TK-CAT) in transiently transfected cells

% acetylation Fold inductionrof CAT activity

CelilineT-47D-55-RPCelino."1

x10'1
x10'2
x10'2x

10'1

x10'1
x10'2x

10'2x
10'MPA(lOnM)

Experiment1+

1.360.09+

10.990.10+

0.110.06+

0.570.15Experiment

20.840.1017.380.540.380.252.380.64Experiment115.11109.911.8313.751Experiment28.4132.211.513.71MeanÂ±SD11.8

Â±3.4171.1

Â±38.911.7

Â±0.213.7

Â±0.031

" Cell number at time of transfection.
* After correction for transfection efficiency. 40 ng of protein were used to assay for CAT activity. The areas on the thin layer Chromatograph corresponding to the

acetylated metabolites of [l4C]chloramphenicol as well as the unacetylated compound were scraped and the radioactivity was quantitated by scintillation counting.

Counts in acetylated species% acetylated = :
Counts in acetylated species + Counts in nonacetylated chloramphenicol

' The acetylation in the absence of MPA was given a value of I in each case.
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TCP-Â« protein and activity have been shown to be present in
the conditioned medium of human breast cancer cells that
contain TGF-Â«mRNA (21). We have also shown that there is
a reproducible increase in immunoreactive TGF-<v in the me
dium of the 5-RP cells growing in the presence of MPA. Since
TCP-Â«synthesis and secretion are increased in the 5-RP cells
and TGF-Â«can act in an autocrine loop, it might be anticipated
that it interacts with the EGF receptor on these cells and in so
doing can downregulate it. When the level of EGF binding in
the 5-RP line maintained in MPA was compared to that of the
T-47D-5 cell line, a marked reduction was found. These data
are consistent with a higher level of endogenous expression of
TCP-Â«in the 5-RP cell line. The endogenous ligand is available
to interact with its receptor, resulting in enhanced internaliza-
tion, making the receptor unavailable to the radioactive ligand
but enhancing receptor expression, as determined by EGF
receptor mRNA abundance. The discrepancy which we have
seen between TGF-Â« mRNA levels (increased 3-fold over T-
47D-5 cells) in the 5-RP cells and the level of TGF-Â« immu-
noreactivity in the conditioned medium (increased 1.73-fold
over T-47D-5 cells) may be explained by TGF-cv rapidly inter
acting with the EGF receptor. This suggestion is supported by
the observed downregulated level of EGF binding under the
conditions used for conditioning the medium.

The presence of high concentrations of MPA appears to be
required to maintain the marked elevation in TGF-Â« expres
sion. Removal of the drug for varying periods of time results in
TGF-Â« mRNA levels gradually declining back toward those
present in the sensitive T-47D-5 parent line. It should be noted,
however, that even at passage 42, i.e., 30-36 weeks, without
MPA, there is still a slight elevation in TGF-Â«mRNA levels.
The decrease in TGF-Â« expression seen when MPA is with
drawn is consistent with the concomitant increase in EGF
binding seen in the 5-RP cells after MPA withdrawal. Interest
ingly, the increase in EGF binding in these cells is accompanied
by an even further increase in EGF receptor mRNA. The
mechanism of this increase remains unclear since acute admin
istration of progestins and EGF both enhance EGF receptor
expression (11, 16, 22).

The ability of exogenously added TGF-n to partially reverse
the increased progestin sensitivity of the MPA-withdrawn 5-
RP cells is consistent with increased TGF-n expression being
involved with the resistant state. If elevated TGF-Â« were the
only factor responsible for the resistance of the 5-RP line to
the growth inhibitory effects of MPA, then the return to sensi
tivity might be expected to be more rapid and parallel more
closely the declining TGF-Â« mRNA levels. Moreover, effects
such as the decreased ability of MPA to activate endogenous
gene expression, i.e., EGF receptor, and exogenous gene expres
sion, i.e., transiently transfected MMTV-TK-CAT, as we have
demonstrated, would not be expected. However, we have found
that the 5-RP cell line in the presence of MPA, as might be
expected (23), has markedly downregulated expression of the
progesterone receptor. This occurred at both the binding and
mRNA levels. Although the level of PgR expression increased
after MPA removal, the level of PgR is found to be permanently
decreased to approximately 58% of that seen in the original T-
47D-5 parent line. This decreased level of receptor is associated
with decreased ability to respond to progestins as determined
by the decreased ability of MPA to activate expression of both
endogenous (EGF receptor) and exogenous (MMTV-TK-CAT
plasmili) target genes. While the reduction in the MPA-induced
increase in the EGF receptor appeared to correlate with the

reduction in PgR, the marked impairment of the response of
the transiently expressed MMTV-TK-CAT is unlikely to be
explained on this basis. The PgR level in the 5-RP line was
reduced to approximately 58% of that of the wild type, while
the MPA-induced CAT activity in the transient expression
study was reduced to between 5 and 14% of the wild type.

It has been shown previously that exposure of MCF-7 and
T-47D human breast cancer cells to the synthetic progestin, R
5020, caused a marked downregulation of the progesterone
receptor mRNA and protein (23). When 10 n\i R 5020 was
used, this downregulation was maintained for at least 48 h. The
very high levels of MPA in which the 5-RP line was selected
and routinely grown similarly caused PgR downregulation.
However, even after the drug had been removed for many
passages when no residual MPA would be expected to remain,
the PgR levels both at the binding and mRNA level were still
reduced. Moreover, this reduction was accompanied by a de
creased ability of the cells to respond to MPA. However, the
amount of PgR remaining was still sizable, suggesting that
either these receptors were a population that was intrinsically
less active than the population in the original parent line (i.e.,
receptor heterogeneity) or that other factors, separate from the
receptor but involved in modulation of PgR activity, were
altered in some way. Consistent with the latter hypothesis is
the observation that, as the 5-RP cells gradually increase in
their sensitivity to MPA with longer periods of time out of the
drug, there appeared to be no concomitant increase in PgR
levels. This would be consistent with an effect on a factor(s)
distal to the ligand/receptor complex.

In normal estrogen and progestin target tissues such as the
uterus (24) and in T-47D human breast cancer cells (25),
progestins have been found to downregulate the ER. This
occurred at both the mRNA and the protein levels. The down-
regulation of ER by progestin is thought to be one way in which
progestins antagonize the effects of estrogens. However, in the
5-RP cell line, even in the presence of MPA, ER gene expres
sion, if anything, is slightly increased (Fig. 2; Table 2).

In summary, progestin resistance in the 5-RP cell line appears
to be multifactorial, involving both increased growth factor
expression and decreased progesterone receptor levels. It is
likely that these two aspects do not account entirely for the
progestin-resistant phenotype and as yet other unidentified
mechanisms may also be involved.
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