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The hormone-independent human breast cancer cell line EVSA-T, originally
described as negative estrogen and progesterone receptors is shown to become pos­
itive hormone receptors when the cellular proliferation rate is slowed down. The
experimental procedure included the following steps: 1) EVSA-T cells were seeded
in minimum essential medium supplemented with 10 % fetal bovine serum and kept
undisturbed for 2 days; 2) culture medium was replaced with Dulbecco’s solution
and Ham’s F-12 and cells were incubated in serum-free media for another 24 h; 3)
then, cells were «rescued» with 10 % FBS supplemented medium and estrogen (ER)
and progesterone receptors (PgR) were measured immediately, time 0, and 6, 12,
18, 24 and 30 h after the media were changed. Cell yield was quantified at the same
times. Experimental data indicate that changing the proliferation kinetics makes it
possible to detect estradiol and progesterone receptors on EVSA-T cells. Estrogen
receptor appeared at 18 h after rescue, 6 hours before progesterone receptor could
be detected. Immunohistochemical analysis of ER content confirmed this obser­
vation, showing maximal positive stain at 18 h. Furthermore, ER disappeared when
cells recovered their normal proliferation rate.
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Recent experimental data from several
laboratories nave shown that in breast tu­
mors the expression of estrogen receptors
(ER) and cell proliferation kinetics are 
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strongly related (2, 10, 12). This obser­
vation has led to two important assump­
tions regarding tumor cell biology (19): a)
tumors with an ER+ phenotype should
exhibit slow growth kinetics, and b) het­
erogeneity in ER phenotype among tu­
mor cells may reflect the presence of cells
with different growth rates. Furthermore, 
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immunohistochemical techniques have re­
vealed the complexity of ER expression
patterns in both normal and cancerous
breast tissue. Breast tumors showed a
marked heterogeneity in antibody-recep­
tor binding, together with the existence of
ER+ and ER- cells (131 The biological
significance of these findings has recently
been reviewed (14). It has been suggested
that the expression of a particular antigen
may be related with the functional status
of the tumor cells (7, 17, 18). This phe­
nomenon could reflect the distribution of
hormonedependent cells in the quiescent
and proliferating compartments of cell cy­
cle. In fact, the experiments performed
with hormonedependent cells (19) have
demonstrated that in the human breast
cancer cell line MCF-7 hydroxytamoxifen
exposure results in a blocking of cells in
phases Gq/G] of cell cycle. A 3 to 4-fold
increase in estrogen binding capacity has
been observed when hydroxitamoxifen
treated cells are compared to non-treated
and mitotically active cells (4). The pos­
sibility that systemic treatment in breast
cancer patients may lead to changes in the
tumor ER phenotype has also been widely
discussed (8, 15, 22). It seems that in
breast tumors ER levels drop below the
threshold for its detection in response to
endocrine therapy with tamoxifen. Che­
motherapy as well as hormonotherapy
with compounds whose hormonal action
differs from tamoxifen have occasionally
resulted in the opposite effect, changing
tumors initially characterized as ER- into
ER+ (11, 21). Whether the receptor phe­
notype modification resulted from the
pharmacologically induce deceleration of
the tumor growth rate or from the selec­
tion of ER^ cells, is still unclear and needs
further investigation. This work was car­
ried out to investigate the expression of
estrogen receptors in the hormone-insen­
sitive human breast cancer cells EVSA-T
(11) when cultured in serum-free medium,
strategy designed to decrease its growth
rate.

Materials and Methods

Chemicals. — The following chemicals
were used in all experiments: (a)
[2,4,6,7-3H]-17P-estradiol (Amersham, U.
K.) with a specific activity between 85
and 110 Ci/mMol and a radioactive concen­
tration of 1 mCi/ml; (b) 17a-methyl-
3H-promegestone (New England Nuclear,
Boston, MA), with a specific activity
between 77 and 101 Ci/mMol and a ra­
dioactive concentration of 1 mCi/ml; (c)
17|3-estradiol (Sigma) and (d) 17a-methyl-
promegestone (Russel-UCLAF, France).

EVSA-T cell line. — The EVSA-T cell line
used in this study was first cultured in
1976 from a metastatic ascites fluid ob­
tained from a patient with infiltrating duc­
tal breast carcinoma (11). The presence of
estrogen (ER) and progesterone receptor
(PgR) was not initially reported. How­
ever, a recent report (6) showed that pas­
sage of EVSA-T cells from so-called
«inactive» to «active» sera (5), resulted in
the appearance of a progestin binding ca­
pacity in these cells. EVSA-T cells were
kept in monolayer cultures in T-25 and T-
75 flasks (Costar, Cambridge, MA) in a
saturated humidified atmosphere of 5 %
CO2 and 95 % air at 37 °C. The culture
medium was the minimal essential with
Earle’s salts (MEM) (Flow Laboratories,
Irvine, Scotland) supplemented with 10 %
heat inactivated (56 °C, 30 min) fetal bo­
vine serum (FBS) (Flow Laboratories) and
antibiotics (penicillin 100 Ul/ml, strep­
tomycin 100 pg/ml and gentamicin 40 pg/
ml). Cell growth was estimated by DNA
measurement using the method described
by Burton (1).

Estrogen and progesterone receptor
measurements. — ER and PgR activities
were measured using a whole cell assay
that was previously described (16). To
quantify ER and PgR receptors cultures
were performed according to the follow­
ing experimental procedure: 1) approx­
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imately 100,000 cells were seeded in
35mm diameter Petri dishes (Costar) and
cultured in 2 ml of MEM supplemented
with 10 % FBS in a saturated atmosphere
of 5 % CO2 at 37 °C for 2 days; 2) culture
media were discarded and replaced with 2
ml Dulbecco’s medium + Ham’s F-12 and
cells kept in free-serum medium for 24 h;
3) cells were rescued with 2 ml MEM sup­
plemented with 10 % FBS; 4) estrogen
and progesterone receptors were assayed
at 0, 6, 12, 18, 24 and 30 h after rescue.
Cells were incubated for 1 h with 1 ml of
nine different concentrations of 170-estra-
diol and promegestone ranging from
3 • 10-1° M to 7 • 10-9 M, in the presence
and absence of a 500-fold excess of cold
competitor. The results of these assays
were compared with the data collected
from a group of cells cultured under the
same experimental conditions except that
they were not subjected to FBS depletion,
and 5) cellular yields were quantified at
each indicated time by measuring DNA
content (1).

Immunohistochemical procedures. —
Alternatively estrogen receptor immuno­
detection was performed at the times and
the experimental conditions indicated for
the whole cell assay. The immunostaining
was performed according to the method
described in the Abbott ER-ICA kit (Ab­
bott Laboratories Diagnostics Division,
North Chicago, IL). EVSA-T cells were
cultured in petri dishes in cover-slips
glass. Negative controls using the kit con­
trol serum and positive controls using
MCF-7 estrogen-positive cells were rou­
tinely run.

Results

Proliferation yields of EVSA-T cells. —
Figure 1 shows the growth data, expressed
as pg DNA/well, of EVSA-T cells main­
tained for 24 h in serum-free medium
Dulbecco’s and Ham’s F-12 media and

Fig. 1. Growth of EVSA-Tcells in 10% FBS sup­
plemented medium.

Cells were maintained in culture dishes in serum-
free medium for 24 h then media were changed to
10 % FBS supplemented medium (time = 0).
Plates were harvested and DNA determined at the
indicated times. Shown mean ± SE of quintupli-

cate dishes.

then rescued with MEM 4-10 % FBS. For
the first 18 hours following the change of
the media, cell death was a prominent fea­
ture. From 0 to 18 h some cells recovered
from blockage, repaired their lesions and
entered the proliferative compartment.
Moreover, from 18 to 30 h the amount of
DNA in cultures doubled, indicating that
those cells which survived FBS depletion
entered and completed the DNA synthesis
phase during this time.

Receptor Studies. — Maximal binding
capacities for 17-J3 estradiol and proges­
terone in EVSA-T cells in relation to the
post-rescue elapsed time are shown in
figure 2. Cells were rescued with MEM
supplemented with 10 % FBS and estro­
gen and progesterone receptors were
quantified using an intact cell assay (18).
Estrogen receptor was undetectable at 0,
6 and 12 h, became clearly positive at 18
and 24 h, and was absent once again by 30
h post rescue. Results indicated that cells
depleted of FBS for 24 h decelerated its
growth rate and resulted ER+, while non
serum depleted cultures were ER~. Eigh­
teen and twenty four hours after the se-
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Fig. 2. Estrogen and progesterone receptor con­
centrations in EVSA-T cells.

Cells were maintained for 24 h in serum-free me­
dium and then changed to 10 % FBS supplement­
ed medium. At indicated time points after the
change to serum supplemented medium, cells
were incubated with (A) [3H]17|3-estradiol and
(B) [3H]promegestone with and without 200-fold
excess of unlabeled steroids. The concentration of
specific ER and PgR binding sites was determined
by Scatchard plot analysis. Shown mean ± SE

quintuplicate dishes.

Fig. 3. Scatchard plot of the specific binding of
fH]17(5-estradiol to EVSA-T cells at 18 h after

rescue with serum supplemented medium.
Cells were incubated for one hour with nine con­
centrations of [3H]17P-estradiol (3 • IO10 to
7 • 10'9 M) with and without 200-fold excess of

unlabeled 17p-estradiol.

rum supplemented medium was added,
ER levels reached to 2.5 and 0.5 fmol/pg
of DNA, with a ligand-hormone associa­
tion constant of 6.5 X IO-9 M. Figure 3
shows the Scatchard transformation of the
binding data for 17-J3 estradiol obtained at
18 h post rescue. Hill’s transformation (3)
of the 18 h binding capacity data (fig. 4)
demonstrated the existence of a single
protein-receptor binding site, or possibly
multiple sites equivalent in terms of chem­
ical binding characteristics. The linearity
of the Hill plot together with the slope,
hh = 1.00 rule out the occurrence of coop­
eration phenomena which might have fa­
vored or hindered the hormonereceptor
binding processes. No estrogen receptor
could be detected by biochemical analysis
in EVSA-T cells cultured in 10 % FBS
supplemented MEM without previous
passage in serum free medium (data not
shown).

The results were confirmed by using a
specific antibody against estrogen recep­
tor. ER immunohistochemical evaluation
revealed specific staining in the nuclei of
EVSA-T cells at 18 and 24 h after rescue.
The percentage of positive cells range
from 56 % at 18 h to 10 % at 24 h.

Progesterone receptor expression lagged
6 h behind ER positive stain, a finding

log F

Fig. 4. Hill's plot of f H] 17f-estradiol binding
data in EVSA-T cells at 18 h after rescue with se­

rum supplemented medium.
Logit Y is defined as (B/Bmax)/(1-B/Bmax). The
experimental design is described in the legend to

Fig. 3.
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in accordance with current notions regard­
ing PgR as a product of the action of es­
trogens in hormone sensitive cells. At 24
and 30 h PgR levels attained 1.3 and 2.5
fmol/pg DNA and the Kd obtained were
1.6 X 10-9 M, respectively.

Discussion

Control of cell proliferation by steroid
hormones in estrogen sensitive tissues has
been related for a long time with the exis­
tence of estrogen receptor but the estrogen
action mechanisms on cell proliferation
are badly understood (20). Previous stud­
ies showed that EVSA-T cells were de­
void to sensitivity to estradiol (10'9 to IO'6
M) and the synthetic estrogen diethyl­
stilbestrol (10’8 M) (9). The synthetic pro­
gestogen medroxiprogesterone acetate at
10’6 M remarkably produced a significant
growth inhibition when these cells were
cultured in some sera which endowed es­
tradiol with growth promoting properties
in MCF-7, ER, PgR positive breast cancer
cells (5, 6). It was also shown that EVSA-
T cells expressed progesterone receptor
when maintained in that particular sera
(6). The possibility to induce the appear­
ance of PgR in EVSA-T cells in absence
of ER was presented as a proof of a direct
PgR inductive process independent of es­
trogen. The present paper shows that
EVSA-T cells, considered for a long time
as a genuine ER- cell line, expressed es­
trogen receptor when the culture condi­
tions were changed. Passage of cells from
10 % FBS supplemented medium to se­
rum-free medium for 24 h and then «res-
cue» with 10 FBS supplemented medium,
led to the demonstration of estrogen and
progesterone receptors. The expression of
the receptors is shown here to be time de­
pendent, ER appeared and had a maxi­
mum at 18 h after rescue, was still positive
at 24 h and fell to undetectable levels at 30
h. Progesterone receptor showed the same
biphasic pattern but with a six hour delay, 

suggesting an expression estrogen-depen­
dent.

Finally, whether the expression of es­
trogen and progesterone receptors in
EVSA-T cells is a consequence or receptor
positive clone selection or is related to cel-
ular growth arrest in the cell cycle is now
jeing explored.
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Resumen

Se demuestra que las celulas EVSA-T, linea
celular hormono-independiente de cancer de
mama humano, originalmente descrita como
receptor de estrogenos (ER) y progesterona
(PgR) negativa, pueden expresar ER cuando el
ritmo de proliferacion se enlentece. El proce-
dimiento experimental consta de las siguientes
etapas: 1) Siembra de celulas EVSA-T en medio
esencial minimo (MEM) suplementado con
10 % de suero bovino fetal (FBS), mantenidas
dos dias en estas condiciones; 2) Reemplazo del
medio de cultivo por medio Dulbecco y Ham
F12 e incubacion de las celulas en medio Libre
de suero durante 24 h; 3) Rescate posterior de
las celulas con MEM mas 10 % de FBS y me-
dida inmediata (tiempo 0) de la concentracion
de ER y PgR, y a las 6, 12, 18, 24 y 30 h des­
pues del cambio de medio. El numero de ce­
lulas presentes en el cultivo se cuantifica a esos
mismos tiempos. Los datos experimentales in­
dican que el cambio de la cinetica de prolife­
racion hace posible detectar ER y PgR en las
celulas EVSA-T. Las celulas ER positivas se
encuentran a las 18 boras del rescate, seis boras
antes de la deteccion de positividad de PgR. El
analisis inmunobistoqufmico de ER confirina 
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csta observacion mostrando la maxima fijacion
a las 18 horas. Posteriormente, cuando las ce-
lulas recobran su ritmo normal de crecimiento,
el ER vuelve a ser indetectable.

Palabras clave: Proliferacion celular, Receptores
hormonales, Linea celular EVSA-T.
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