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The MCF-7 cell proliferation bioassay has grown in popularity as a rapid test for
detecting potentially oestrogenic compounds. Several MCF-7 cell sublines with different
sensitivities to oestrogens are currently used, with maximal proliferation responses
ranging from two- to 10-fold above those of hormone-free controls. In the highly
responsive MCF-7 BUS cell line, we evaluated critical assay parameters for test
performance, including growth conditions, initial seeding densities and differences in
growth stimulation in medium containing human serum or fetal calf serum as well as
appropriate solvents for oestrogen-mimicking compounds. Modifications significantly
reduced the labour-intensive steps and overall assay costs without affecting the sensitivity
of the assay. Using this optimized test regimen, the responsiveness of treated MCF-7
BUS cells was consistently increased up to 11-fold over hormone-free controls. The
specificity was characterized by examining the effects of oestradiol-17/3, the anti-oestrogen
ICI 182,780, and dieldrin, a recognized xeno-oestrogen. The improved proliferation
bioassay will be a useful tool in identifying potential xeno-oestrogens.

Keywords: E-Screen, cell proliferation, MCF-7 cells, xeno-oestrogers, SRB assay,
dieldrin.

Abbreviations: CT-FCS, charcoal-dextran treated fetal calf serum; CT-HuS, charcoal-
dextran treated human serum; DMEM, Dulbecco’s modified Eagle’s medium; DMSO,
dimethylsulphoxide; E2, oestradiol-173; EDTA, ethylene diamine tetra-acetic acid; ER,
oestrogen receptor; ERE, oestrogen responsive element; EtOH, ethanol; FCS, fetal calf
serum; PBS, phosphate buffered saline; SRB, sulphorhodamine B; T'CA, trichloroacetic
acid.

Introduction

Exposure to xeno-oestrogens has been linked to abnormal sexual development
in wildlife, developmental disorders of the male reproductive tract, and increasing
incidence of breast and testicular cancer in humans (Fry 1995, Sumpter 1995,
Folmar et al. 1996, Toppari et al. 1996). A battery of in vitro tests has recently been
suggested as screening tools for suspected oestrogenic chemicals (US Environ-
mental Protection Agency 1998). Assays include oestrogen receptor (ER) binding,
ER-dependent transcription systems and proliferation of oestrogen-dependent cell
lines (e.g. MCF-7 cells). Because human exposures often include many potential
xeno-oestrogens, the joint effect may be difficult to predict. Efforts have therefore
been initiated to develop a biomarker using a cell-based system to assess the
oestrogenic activity of a serum sample. The M CF-7 cell proliferation bioassay (E-
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Screen) originally described by Soto et al. (1995) has grown in popularity as a
rapid test for detecting weakly oestrogenic compounds. The E-Screen assay is
based on the ability of oestrogenic compounds to induce proliferation of the
oestrogen-sensitive human breast cancer cell line MCF-7. The proliferative
response of MCF-7 cells is a sensitive endpoint suitable for screening chemicals
because of the fairly reproducible and stable oestrogen sensitivity (Fang et al.
2000). Furthermore, oestrogen agonists and antagonists can be differentiated using
this method (Soto et al. 1998). These features make the E-Screen assay one of the
most sensitive assays available for assessing and comparing the oestrogenicity of
oestrogen-mimicking compounds.

The maximal proliferative responses of M CF-7 cells induced by oestradiol-173
(E2) vary between laboratories from approximately two-fold up to approximately
10-fold above those of hormone-free controls (Soto et al. 1995, Brotons et al. 1995,
Villalobos et al. 1995, Andersen et al. 1999, Schafer et al. 1999, Lin and Garry
2000). Widely varying test regimens and numerous MCF-7 cell sublines may
explain this variability in test results. Wild type M CF-7 cultures contain cells with
varying oestrogen response characteristics. Clones of the cells can be obtained by
elaborate selection procedures in which cells with certain phenotypic character-
istics become predominant. These M CF-7 cell sublines are often used since they
display a more consistent proliferative response to E2 over a range of many
passages than wild type MCF-7 cultures. To detect low potency oestrogenic
compounds it is essential to use a cell subline with high responsitivity, as a limited
proliferation relative to controls may be difficult to distinguish from experimental
deviations. Comparative studies have shown that the MCF-7 BUS cell subline is
the most responsive subline (Villalobos et al. 1995, Schafer et al. 1999), and
therefore is highly suitable for the E-Screen assay. However, a large amount of
variability in the maximal proliferative response has been reported even when the
same cell subline is used. An interlaboratory comparative study of a number of in
vitro oestrogenicity assays, including the E-Screen assay, demonstrated that, with
a standardized cell line and protocol, good agreement can be achieved with most
test compounds (Andersen et al. 1999).

This study addresses key issues important for the performance of the E-Screen
assay. The protocol originally described by Soto and co-workers (1995) includes
some labour-intensive steps and requires relatively large amounts of test material.
The purpose of the present study was to describe a modified E-Screen assay that
would (i) reduce labour and time and therefore costs, (ii) improve the utility of the
assay by decreasing the amount of test material required, and (iii) increase the
ability to detect low potency oestrogenic compounds.

Materials and methods

Materials

E2 and sulphorhodamine B (SRB) were purchased from Sigma-Aldrich (Vallensbaek Strand,
Denmark), dieldrin from Ehrenstorfer (Augsburg, Germany), ethanol (EtOH) from Fluka, and
dimethylsulphoxide (DMSO) from Bie & Berntsen (Roedovre, Denmark). The oestrogen antagonist
ICI 182,780 was kindly provided by Astra Zeneca (Cheshire, UK). All media ingredients were
purchased from In Vitro (Fredensborg, Denmark), except insulin (Sigma-Aldrich) and gentamicin
sulphate (DuraScan, Odense, Denmark). The charcoal-dextran treated fetal calf serum (CT-FCS)
batch originated from the same lot (Lot no. 416632) as the fetal calf serum (FCS) batch (In Vitro,
Fredensborg, Denmark). FCS and CT-FCS from the same batch were used in all experiments.
Charcoal-dextran treated human serum (CT-HuS) was prepared from outdated plasma as described
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in Sonnenschein et al. (1995). The comparative study of 96-well plates included Nunclon Delta T'C
(catalogue no. 167008) (Nunc, Roskilde, Denmark), Greiner TC (catalogue no. 676001) (Bie &
Berntsen), Linbro T'C (catalogue no. 7600305) (In Vitro), Falcon Standard TC and Falcon Primaria
T'C (catalogue nos 3072 and 3872, respectively) (Becton Dickinson, Broendby, Denmark).

MCF-7 BUS cell subline

The MCF-7 BUS cells were kindly provided by Dr Soto, Tufts University School of Medicine,
Boston, Massachusetts, USA. A cell bank with cells at passage 114 was established, and all experiments
were performed with cells at passage 116—121. Cells were maintained in 75 cm? culture flasks (Greiner,
In Vitro) and were trypsinized with 0.05% trypsin/0.53 mM ethylene diamine tetra-acetic acid (ED'TA)
and re-seeded at a 1:3 split ratio in maintenance medium (Dulbecco’s modified Eagle’s medium
[DMEM], formula no. 01-050-1A, In Vitro) containing 10% FCS supplemented with 4 mM glutamine,
15mM HEPES and 54 png/l gentamicin sulphate) every 2-3 days before reaching confluence. The
cultures were regularly tested for Mycoplasma contamination and were found to be Mycoplasma-free.

E-Screen assay

Stock cultures of MCF-7 BUS cells in maintenance medium in an atmosphere of 5% CO,/95% air
under saturating humidity at 37°C were seeded in 96-well plates (200 pl/well). After 24h the medium
was carefully aspirated, wells were briefly washed with 100 pl oestrogen-free medium, and filled with
200l oestrogen-free medium. The oestrogen-free medium consisted of phenol red—free DMEM
(formula no. 01-053-1A, In Vitro) containing 10% CT-FCS supplemented with 4 mM glutamine,
20mM HEPES, 0.1% sodium bicarbonate and 3 pg/l insulin. The compounds to be tested were added
from EtOH stocks (final EtOH concentration < 0.5% in all experiments).

SRB assay

Cell proliferation was assessed after 7days in culture (late exponential phase) using the SRB
colorimetric assay (Skehan et al. 1990). The medium was carefully aspirated to avoid cell detachment
and the cells were subsequently incubated at 4°C for 30min in 10% (w/v) trichloroacetic acid (TCA).
Following incubation, the TCA was discarded and the wells were washed five times under a gentle
stream of tap water and air-dried completely. The T CA-fixed cells were stained in a shaker for 10 min
with 100l 0.4% (w/v) SRB dissolved in 1% acetic acid. Following incubation, the supernatant was
discarded and unbound dye was removed by rinsing the wells five times with 1% acetic acid. After
complete drying, bound dye was solubilized with 10 mM T'ris base, pH 10.5, for 20 min on a gyratory
shaker, and the dye intensity was read at 490nm in a MRX microtitre plate reader (Dynex
Technologies, UK).

Transient transfection assay

MCF-7 BUS cells were plated in 24-well plates 24 h before transfection. The medium was changed
1 h prior to the transfection. Each well was transfected with 1 g oestrogen responsive element (ERE)-
luciferase reporter plasmid DNA and 0.3 pg (-galactosidase control plasmid using the calcium
phosphate method. Five hours later the cells were shocked with 12.5% glycerol in phosphate buffered
saline (PBS), pH 7.3, at room temperature, and fresh oestrogen-free medium was added together with
the indicated compound or solvent alone. After 24 h the cells were harvested and the luciferase and (-
galactosidase activities measured in a Berthold MicroLumat LB96P luminometer using a commercial
kit (Galacto-Light, Tropix). The inducible luciferase values were normalized to the constitutive (3-
galactosidase values.

Statistical analysis

To establish concentration response relationships, at least three independent experiments were
performed. Within each experiment three or six culture wells per concentration were used to establish
mean values. Cell proliferation was normalized to the hormone-free controls in each experiment to
correct for differences in the initial seeding density. In the experiments with dieldrin, the results were
further normalized to the proliferative effect of 10pM E2 on the same plate to correct for differences
between experiments, and data are therefore presented as proliferative effect relative to E2. The
concentration response curve for dieldrin was generated using GraphPad Prism and fitted to the
asymmetric Hill function. Homogeneity of variance was tested by Bartlett’s test, and the data was log
transformed if required before conducting analysis of variance (ANOVA). If the ANOVA test showed a
significant difference (p < 0.05), the Tukey’s multiple comparisons test was used to identify differences
between means.
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Results

Replacement of human serum with FCS

Replacement of human serum with FCS did not affect the growth rate of
MCF-7 BUS cells nor did it alter the appearance of the cells determined by
microscopic examination (data not shown). We also examined whether the CT-
HuS prepared in our own laboratory could be replaced by a commercially
prepared CT-FCS in the study of oestrogen-dependent proliferation of MCF-7
BUS cells. Parallel concentration response curves to E2 were obtained with cells
cultured in oestrogen-free medium containing either 10% CT-HuS or 10% CT-
FCS. Cell proliferation increased dose-dependently in both media. In CT-FCS
medium the cell proliferation of control cells was very low, whereas control cells
cultured in CT-HuS medium exhibited a two-fold increase in cell number,
indicating the presence of oestrogen in the C'T-HuS. Since the proliferative effect
is calculated as the ratio between the proliferation of E2-treated and hormone-free
controls, the low proliferation of the hormone-free control cells cultured in CT'-
FCS medium led to a higher maximal proliferative effect than that in cells cultured
in CT-HuS medium (table 1). The CT-FCS batch was further characterized by
culturing cells in CT-FCS medium in the presence of E2 and increasing con-
centrations of the anti-oestrogen ICI 182,780. The proliferation induced by 1 nM
E2 was reduced to the hormone-free control level by addition of an excess
concentration of ICI 182,780 (figure 1A), and cells treated with 1nM ICI
182,780 did not show any difference in proliferative effect compared with
hormone-free controls (figure 1B).

Miniaturization of the E-Screen assay

Comparative studies between 24-well plates and 96-well plates demonstrated
no significant difference in proliferative effect (data not shown). But cells from the
peripheral wells seeded in 96-well plates unexpectedly aggregated toward the outer
edge of the plate and gave rise to higher optical densities than cells growing in the
central wells (figure 2A). This edge effect was especially pronounced in corner
wells. The effect gave rise to large variations between wells. A comparative study
of several 96-well plates (see the Materials and methods section for details) was
consistent with the initial observation of an edge effect. Since the edge effect was
least pronounced on the Nunclon Delta microwell plates, these plates were
selected for further studies.

Table 1. E2-induced cell proliferation in medium containing CT-HuS or CT-FCS.

Proliferative effect

Treatment CT-HuS CT-FCS
Control 1.0+ 0.1 1.0+ 0.1
1pM E2 1.5+0.1 1.8+ 0.1
10pM E2 3.2+0.1 4.74+0.2
100pM E2 5.3+0.3 7.0+£0.3

Cells (3000 cells/well) were cultivated in the absence or presence of E2 (1, 10 and 100 pM). After
7 days of culture, cell proliferation was measured with the SRB assay using 150pul/T'ris base well.
Results are expressed as the mean proliferative effect £SD (n = 3).
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Figure 1. Concentration response curves to (A) 1 nM E2 and increasing concentrations of ICI 182,780
or (B) 1 nM ICI 182,780 and increasing concentrations of E2, supplemented with oestrogen-free
medium containing 10% CT-FCS. MCF-7 BUS cells (3000 cells/well) were seeded in microwell
plates. After 7 days of culture, cell proliferation was measured with the SRB assay using 150 pl
Tris base/well. Results are expressed as the mean proliferative effect £ SD (nz = 3). Results from
control cells are indicated by the horizontal solid line. *Values differ significantly from control

(p < 0.05).

To avoid temperature differences between the peripheral and the central wells,
all plates were preheated in the incubator prior to seeding of the cells. This change
reduced the edge effect, and it was further reduced when plates were not stacked
during experiments. Moreover, handling procedures outside the incubator, in-
cluding microscopic inspections of the cells during experiments, were kept to a
minimum. Despite these precautions, a small edge effect remained in the outer-
most peripheral wells. Therefore, the outermost peripheral wells were not used for
cell culture, but PBS was added to these wells to increase homogeneity between
the remaining 60 wells. As seen in figure 2B, introduction of these initiatives
eliminated the edge effect.

Preconditioning treatment in oestrogen-free medium

We examined whether preconditioning of MCF-7 BUS cells for extended
periods of time in oestrogen-free medium prior to experiments affected their
sensitivity (the lowest observed effect level, p < 0.05) and responsitivity (the
maximal proliferative effect) to E2. The sensitivity was 1 pM E2 irrespective of
the preconditioning periods (table 2), but the preconditioning treatment negatively
affected the responsitivity. Thus, non-preconditioned cells showed a maximal
proliferative effect to E2 that was approximately 25% higher than that induced
following preconditioning for 1day and approximately 50% higher than that
induced following preconditioning for 3 or 6 days (table 2).

Effect of seeding density on proliferative response
MCF-7 BUS cells were seeded at concentrations ranging from 1500 to 6000
cells/well in 96-well plates followed by administration of a range of E2 concentra-

tions 24h later (figure 3). After 7days in culture, an initial seeding density of
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Figure 2. Block diagrams of the optical density readings in (A) Linbro T'C or (B) Nunclon Delta
microwell plates, illustrating the edge effect before and after optimization of assay parameters,
respectively. Each column represents the optical density of the respective well as a percentage of
the plate mean value. Note in (A) that the edge effect is most pronounced in the corner wells, Al
giving the maximum value (160%), while the central well E5 gives the minimum value (72%).

1500 cells/well resulted in a maximal proliferative effect of 4.3 +1.3-fold,
3000 cells/well resulted in a significantly higher maximal proliferative effect of
7.9+ 0.7-fold (p < 0.05), and at a seeding density of 4500 cells/well the maximal
proliferative effect was significantly increased yet again to 10.3+0.7-fold
(p < 0.05). A seeding density of 6000 cells/well did not significantly increase the
maximal proliferative effect further.

Effect of solvents

Serial dilutions of E2 in CT-FCS-containing medium were tested to assess the
effect of the solvents and mixtures of solvents in concentrations up to 1% EtOH or
up to 0.5% DMSO. Instead of using a commercial cytotoxicity assay, which

measures the cytosolic release of enzymes from damaged cells into the supernatant
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Table 2. Effect of preconditioning treatment on E2-induced cell proliferation.

Proliferative effect

Duration (days) 1pME2 100 pM E2
0 1.5+0.1 8.1+0.9
1 1.7+0.1 6.1+1.5
3 1.5+£0.2 4.6+0.3
6 1.7+0.1 48+0.5

After preconditioning treatment in oestrogen-free medium, the cells (3000 cells/well) were culti-
vated in the presence of E2. After 7 days of culture, cell proliferation was measured with the SRB assay
using 150 ul/Tris base well. Results are expressed as the mean proliferative effect £SD (n = 3).

or, alternatively, the metabolic activity in living cells, we evaluated the effect on
E2-induced cell proliferation because this is the hallmark of oestrogen action in
MCF-7 cells. Cell yields obtained from cells cultured in the presence of up to 1%
EtOH were comparable with those obtained when similar inocula were cultured in
CT-FCS-containing medium without EtOH, indicating the absence of an effect.
Though gross cytotoxic effects were not seen on microscopic examination, effects
were observed in medium containing 0.5% DMSO and in mixtures above 0.5%
EtOH:0.25% DMSO. Addition of 0.1nM E2 to these preparations resulted in a
lower increase in cell yields than that in CT-FCS-containing medium supple-
mented with 0.1 nM E2 alone.
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Figure 3. The proliferative response to E2 depends on the initial seeding density. MCF-7 BUS cells at
densities of 1500 (@), 3000 (@), 4500 (A) and 6000 (M) cells/well were seeded in microwell
plates and treated with E2. After 7 days of culture, cell proliferation was measured with the SRB
assay using 150 pul Tris base/well. Results are expressed as the mean proliferative effect £SD
(n=4). Results from control cells are indicated by the horizontal solid line. ***" Values differ
significantly from 1500 and 3000 cells/well, respectively (p < 0.05).
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Simplification of the SRB assay for measurement of cell proliferation

The induction of cell proliferation was monitored using the SRB colorimetric
assay (Skehan et al. 1990). We examined whether the optical density could be read
directly in the culture plate with the cells present in the wells. After SRB staining
of the T CA-fixed cells, 200 pl Tris base was added to each well. From the first set
of plates 150l solubilized dye was then transferred to a new 96-well Nunclon
Delta plate and from the second set of plates 50 pul solubilized dye per well was
removed to ensure identical volumes of solubilized dye per well in the two sets of
plates. No difference in optical density was observed between the two sets of plates
(figure 4). In the same manner, the effect of cells on the optical density readings in
successively smaller volumes of solubilized dye were analysed, and again no
significant difference was observed (data not shown). However, the volume of
T'ris base markedly influenced the optical readings. Thus, increasing the volume of
Tris base from 80 pul/well to 200pl/well significantly increased the maximal
proliferative effect from 5.0 £ 0.2-fold to 8.6 £ 0.5-fold (p < 0.05) (figure 5).

Analysis of dieldrin using the optimized E-Screen assay

Using our optimized E-Screen assay we analysed dieldrin at concentrations
from 0.1-100 pM. Moreover, between-days variation was tested in three indepen-
dent experiments carried out over a period of several months. As seen in figure 6,
agreement between experiments was excellent and demonstrated the robustness of
the protocol. Dieldrin produced concentration-response curves with a significant
proliferative response at 5pM, a maximal proliferative effect at 25uM and a 50%

0.5-
2 0.4
w
C
(M)
T 0.3
1y
o
Q. -
g o2
0.1-
0.0 T ll' L ll’ L lll 1 I|| Ll Ill 1 Il| T LB

10*% 10 10" 10" 10 10° 108 107
Concentration of E2 (M)

Figure 4. The presence of cells has no influence on the optical density readings. MCF-7 BUS cells
(3000 cells/well) were seeded in microwell plates and treated with E2. After 7 days of culture, cell
proliferation was measured with the SRB assay. The optical density at 490 nm was measured in
aliquots (150 pl/well) from the culture plate ([(J]) and directly in the culture plate with 150 pul T'ris
base/well (O). Results are expressed as the mean optical density £SD (n = 4). Results from
control cells are indicated by the horizontal solid line.
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Figure 5. The optical density readings at 490nm depend on the volume of Tris base. MCF-7 BUS
cells (3000 cells/well) were seeded in microwell plates and treated with E2. After 7 days of
culture, cell proliferation was measured with the SRB assay using 80 ul (@), 100l (A), 120l
(), 150ul (O), 180l (A) and 200 ul ([J) Tris base/well. Results are expressed as the mean
proliferative effect £SD (n = 4). Results from control cells are indicated by the horizontal solid
line. *Values from the 200 pl curve differ significantly from the 80 pl curve (p < 0.05).
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Figure 6. Concentration response curves to dieldrin (open symbols) and controls (horizontal solid
line) from three independent experiments. MCF-7 BUS cells (4500 cells/well) were seeded in
microwell plates. After 7 days of culture, cell proliferation was measured with the SRB assay
using 200 ul Tris base/well. Results given are the proliferative effect relative to 10pM E2, and
are expressed as the mean value £SD (n = 3) from three independent experiments; the curved
solid line represents the best fit. Controls are shown as the mean value £2SD, and the arrow
indicates the detection limit (the point at which cell proliferation exceeds the upper control
interval). *Values differ significantly from control (p < 0.05).
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effect concentration (ECsy) value of 7.0uM. A detection limit for dieldrin at
2.5uM was calculated as described in Payne et al. (2000).

To wverify that the observed cell proliferation induced by treatment
with dieldrin was mediated through specific activation of endogenous ERs,
MCF-7 BUS cells were transiently transfected with an oestrogen-responsive
reporter plasmid and treated with E2 and dieldrin. As seen in figure 7, treatment
with 10 uM dieldrin resulted in a significant ER-mediated transactivation of
the reporter gene (p < 0.05), comparable to that observed after treatment with
10nM E2.

Discussion

Interlaboratory comparisons of a number of in vitro oestrogenicity assays,
including the E-Screen assay, have demonstrated the importance of using
a uniform cell line with similar protocols (Andersen et al. 1999). We present
a further optimization and validation of the E-Screen assay by additional intra-
assay comparisons to document the reliability of this assay and to evaluate the
influence of several critical steps in the practical assay performance. Further, we
introduce substantial modifications and simplifications of the E-Screen assay that
do not reduce its sensitivity but increase its responsitivity and repeatability. This
assay would now appear to be appropriate for determining the oestrogenicity of
complex mixtures, for example as a biomarker for total oestrogenic activity in
serum.

o N (@] [9)]
1 1 1 1

Relative luciferase activity

)]
1

N — o
control E2 dieldrin

Figure 7. Dieldrin specifically activates ERs in MCF-7 BUS cells. Subconfluent cells were transiently
transfected with an ER-responsive reporter plasmid and treated with 10 uM dieldrin, 10nM E2
or solvent for 24h. Results are expressed as relative luciferase activity =£SD (n = 3) compared
with control. ¥*Values differ significantly from control (p < 0.05).
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MCF-7 cells require oestrogens for growth. Therefore, E-Screen assay condi-
tions require cells to be cultured in oestrogen-free medium. T'o remove endogen-
ous oestrogens from the cell culture medium, serum is treated with charcoal-
dextran, which binds most of the hormones present, followed by repeated
centrifugation to remove the charcoal particles and filtration to re-sterilize the
serum. Apart from being a rate-limiting step in the preparation of oestrogen-free
medium, the charcoal stripping of sera may result in serum batches with variable
ability to support the growth of MCF-7 cells in the absence of added E2. The
stripping process itself may play a role in inconsistent assay performance due to
interlaboratory variations in the stripping technique. The substitution of CT-HuS
by commercially prepared C'T-FCS is an important simplification and a major step
towards the standardization of the E-Screen assay. The CT-FCS batch sustained
minimal growth of the MCF-7 BUS cells in oestrogen-free medium, and sup-
ported maximal stimulation of cell growth by > 0.1nM E2. Addition of 1 nM of
the anti-oestrogen ICI 182,780 did not reduce the number of cells below that of
the hormone-free control cells, indicating that the C'T-FCS was free of detectable
levels of oestrogens. Furthermore, this substitution did not reduce the sensitivity
of the assay. Thus the commercially prepared CT-FCS offered an excellent
substitute to the C'T-HuS batch.

Pre-assay deprivation of E2 has been shown to increase the proliferative
responses of breast cancer cell lines such as MCF-7 SOP (Payne et al. 2000),
MCF-7 E3 (Desaulniers et al. 1998) and T47D (Ruedl et al. 1990), possibly due to
an upregulation of oestrogen receptors or altered E2 sensitivity associated with
alterations in transcriptional regulation. We examined how the maximal prolif-
erative effect was influenced by preconditioning of the cells for varying periods of
time in oestrogen-free medium prior to experiments. However, in our hands
preconditioning treatment of MCF-7 BUS cells in oestrogen-free medium for up
to 6days prior to the experiments did not improve the sensitivity nor the
responsitivity compared with non-conditioned cells. In fact, we observed a
decreased responsitivity with prolonged preconditioning. Hence, the inability of
preconditioning to increase responsitivity of this particular cell subline is at
present unclear, but may be explained by the observation that this cell subline
have been shown to constitutively express relatively high levels of ERs compared
with T47D and MCF-7 ATCC cells (Schafer et al. 1999).

We have been able to modify the E-Screen assay for use in 96-well microwell
plates. Performing the E-Screen assay in microwell plates saves culture medium,
labour and time. This miniaturization of the E-Screen assay did not reduce the
sensitivity nor the responsitivity. When seeding cells prior to experiments it is
important to ensure that the monolayer of cells has been properly trypsinized to
eliminate variability due to clumping of the cells. This is particularly relevant to E-
Screen assays performed in microwell plates. The introduction of microwell plates
did initially create problems with a phenomenon known as the edge effect, which
led to unacceptable large variations, thus destroying the assay homogeneity in
microwell plates. The edge effect has been described in enzyme-linked immu-
noabsorbent assays performed in microwell plates, where the most probable cause
of this effect is thought to be temperature differences between the peripheral and
the central wells (Kricka et al. 1980, Oliver et al. 1981). Although preheating the
microwell plates in the incubator prior to seeding of cells decreased the edge effect,

a minor difference remained that could possibly be attributed to evaporation. To
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avoid evaporation, cell incubators are set at 100% relative humidity, but the
efficiency of this is decreased because of the need to check the cells during
incubation. Therefore, microscopic inspections of the cells were kept to a mini-
mum and periods of removal from the incubator were kept as short as possible. We
did not use the outer, most peripheral wells, but added PBS to these wells to
provide a temperature and humidity buffer between the surrounding environment
and the central wells. Thus, the microwell E-Screen assay included the 60 central
wells out of the total 96 wells.

The effect of the initial seeding density on the proliferative response of MCF-7
BUS to E2 was investigated to select the most sensitive proliferation indicator.
Depending on the seeding density, the responsitivity could be enhanced from
approximately four-fold to approximately 11-fold, thus demonstrating that
optimization of this assay parameter is crucial before performing E-Screen
measurements.

Instead of directly counting the cells or nuclei, we used an endpoint propor-
tional to the cell number, i.e. the colorimetric SRB assay. The SRB colorimetric
assay is based on a simple protein-staining procedure (Skehan et al. 1990). It is
non-destructive in the sense that it is not necessary to digest the samples, and it
allows fixed cultures from which dye has been extracted to be re-stained and saved
for future reference. The SRB assay provides a simple, rapid and sensitive method
for measuring cell proliferation, and is linear within a wide range of cell numbers
(Skehan et al. 1990, Pazos et al. 1998). Although cell detachment during the
fixation or staining step may provide a source of error (Schafer et al. 1999), we
found that the critical steps are the gentle aspiration of medium and the fixation of
the cells with TCA at room temperature. Subsequent incubation at 4°C for 30 min
resulted in an effective fixation without any cell loss after washing (see Materials
and methods section for further details).

Traditionally, the optical density is measured on aliquots transferred from the
actual culture plate to a new 96-well plate. However, the presence of cells has no
influence on the optical density readings at 490 nm, and measurement may there-
fore be performed directly on the microwell culture plates. This represents an
important modification of the SRB assay as it removes a labour-intensive step and
thus reduces the overall assay costs, which is a highly relevant issue in ‘high
throughput’ screening. However, the optical density readings increased with the
amount of Tris base used to extract the bound dye from the cells. Unfortunately,
the volume of Tris base is generally not stated in the published accounts of this
methodology.

Test chemicals are generally added to the culture medium as stock solutions in
EtOH or DMSO. No cytotoxicity was found with concentrations of EtOH up to
1% and of DM SO up to 0.25%. However, when EtOH and DM SO were tested as a
mixed solvent preparation using the same concentrations, cytotoxicity was ob-
served. No cytotoxic effect was observed at concentrations up to 0.5% EtOH:0.1%
DMSO. These observations stress that it is important to include control groups
supplemented with solvent in experiments.

In summary, the optimized E-Screen assay conditions were found to be: (i) no
preconditioning of cells prior to experiments; (ii) a seeding density of 4500 cells/
well in preheated microwell plates; (iii) a maximum EtOH and DMSO concentra-
tion of 1% and 0.25%, respectively, or, if a mixed solvent preparation is used, of

0.5% EtOH:0.1% DMSO; and (iv) in the SRB assay, solubilization of bound dve
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with 200 ul Tris base/well and measurement of the optical density directly on the
microwell culture plates.

One of the primary uses of the E-Screen assay is for the detection of weakly
oestrogenic environmental pollutants. Using our optimized E-Screen assay, we
carried out a thorough concentration response analysis of dieldrin, which is known
to be a xeno-oestrogen in vitro (Soto et al. 1995). This organochlorine insecticide is
highly lipophilic and bioaccumulates in ecosystems. Even though its use has been
restricted in many countries for a decade or more, it can still be found in wildlife
and is associated with signs of reproductive impairment (Jorgenson 2001). More-
over, an epidemiological study has shown a positive correlation between breast
cancer and serum levels of dieldrin (Hoyer et al. 1998), suggesting that xeno-
oestrogen exposure increases the incidence of breast cancer. Dieldrin produced
concentration response curves with a maximal proliferative response at a concen-
tration of 25 uM and an ECs value of 7.0 uM. From these data we were also able to
calculate the lowest concentration at which proliferation increased significantly
over control values +2SD. For dieldrin the limit of detection was 2.5puM.
Transient transfection experiments verified that dieldrin induces cell proliferation
through an ER-mediated event. Our results thus confirm the oestrogenic activity
of dieldrin. Other studies have analysed dieldrin using the E-Screen assay and
reported oestrogenic activity at 10 uM (Soto et al. 1994, 1995), whereas Wade et al.
(1997) were able to detect activity at 50 pM but not at 10uM. Thus, our results
demonstrate that our optimized E-Screen assay is a useful assay for detecting
effects at low concentrations of weakly oestrogenic compounds. Moreover, the
excellent agreement between experiments, which were carried out over a period of
several months, demonstrates the robustness of this assay.

In summary, the E-Screen assay is a sensitive and highly reproducible tool for
the identification of oestrogenic compounds. This assay was improved in the
present study by adapting the assay to microwell plates and by using an optimized
SRB procedure as a measure of cell proliferation. The SRB assay is easy and quick,
making it ideal for ‘high throughput’ screening and, combined with the modifica-
tions outlined here, it considerably reduces the time and labour-intensive steps
required. None of the introduced modifications reduced the sensitivity of the E-
Screen assay, which was comparable to that reported in the literature. Our results
demonstrate that by utilizing the MCF-7 BUS cell subline for the E-Screen assay,
a maximal proliferative effect to E2 of about 11-fold can be achieved under well-
defined, reproducible conditions. This maximal proliferative effect of E2 in these
cells was observed repeatedly over a period of several months. Because the MCF-7
BUS cell subline is a highly oestrogen-responsive clone when used effectively, it
offers a preferable alternative to other MCF-7 clones. Our study thus provides a
rationale for optimizing E-Screen assay conditions, and illustrates that, once
chosen and adhered to, this assay yields reproducible results for potential use in
biomarker studies.

Acknowledgements

The authors are grateful to R. Bjerring and C. Nielsen for excellent technical
assistance. This study was funded by a grant from The Danish Environmental
Research Programme to the subprogramme Danish Centre for Environmental

Oestrogen Research (Project Director, P. Grandjean).
RIGHTS Ir

Ay



Biomarkers Downloaded from informahealthcare.com by Hacettepe Univ. on 11/18/12

For personal use only.

Critical parameters in the MCF-7 cell proliferation bioassay 335

References

AxperseN, H. R., Axpersson, A. M., Arnorp, S. F., Aurrupr, H., Barroep, M., Beresrorp, N. A,
BjerrEGAARD, P., ChristianseN, L. B., Gisser, B., HumMeL, R., JorceEnsEN, E. B., Korscaarp, B.,
Le GueveL, R., Leers, H., McLacnran, J., MoLLEr, A., NieLsEN, J. B., Orea, N., OLEs-
Karasko, A., PakpeL, F., PeperseN, K. L., PErez, P., SKakkeBAEK, N. E., SoNNeENscHEIN, C. and
Soro, A. M. 1999, Comparison of short-term estrogenicity tests for identification of hormone-
disrupting chemicals. Environmental Health Perspectives, 107, supplement 1, 89-108.

Brotons, J. A., OLEa-SErrANO, M. F., ViLrarosos, M., PEbraza, V. and OLea, N. 1995, Xenoestrogens
released from lacquer coatings in food cans. Environmental Health Perspectives, 103, 608—612.

Desavrniers, D., LeinGgarT~NER, K., Zacuarewski, T. and Foster, W. G. 1998, Optimization of an
MCF7-E3 cell proliferation assay and effects of environmental pollutants and industrial
chemicals. Toxicology in Vitro, 12, 409-422.

Faxg, H., Tong, W., Perkins, R., Soro, A. M., PrecutL, N. V. and Sueenan, D. M. 2000, Quantitative
comparisons of in vitro assays for estrogenic activities. Environmental Health Perspectives, 108,
723-729.

FoLmar, L. C., Denscow, N. D., Rao, V., Cuow, M., CraiN, D. A., ExsrLoMm, J., Marcino, J. and
GuiLLETTE, L. J. Jr. 1996, Vitellogenin induction and reduced serum testosterone concentrations
in feral male carp (Cyprinus carpio) captured near a major metropolitan sewage treatment plant.
Environmental Health Perspectives, 104, 1096-1101.

Fry, D. M. 1995, Reproductive effects in birds exposed to pesticides and industrial chemicals.
Environmental Health Perspectives, 103, supplement 7, 165-171.

Hover, A. P., GranpjEaN, P., JorGeENseN, T, Brock, J. W. and Hartvic, H. B. 1998, Organochlorine
exposure and risk of breast cancer. Lancet, 352, 1816-1820.

JorGEnson, J. L. 2001, Aldrin and dieldrin: a review of research on their production, environmental
deposition and fate, bioaccumulation, toxicology, and epidemiology in the United States.
Environmental Health Perspectives, 109, supplement 1, 113-139.

Kricka, L. J., Carter, T. J., Burt, S. M., Kexnepy, J. H., HoLper, R. L., HaLLipay, M. 1., TELFORD,
M. E. and Wispowm, G. B. 1980, Variability in the adsorption properties of microtitre plates used
as solid supports in enzyme immunoassay. Clinical Chemistry, 26, 741-744.

LiN, N. and Garry, V. F. 2000, In vitro studies of cellular and molecular developmental toxicity of
adjuvants, herbicides, and fungicides commonly used in Red River Valley, Minnesota. Journal of
Toxicology and Environmental Health A, 60, 423-439.

Ouiver, D. G., Sanpers, A. H., Hocs, R. D. and HerLuman, J. W. 1981, Thermal gradients in
microtitration plates. Effects on enzyme-linked immunoassay. Journal of Immunological Methods,
42, 195-201.

Pavne, J., Jones, C., Lakuani, S. and Korrexkamp, A. 2000, Improving the reproducibility of the
MCF-7 cell proliferation assay for the detection of xenoestrogens. Science of the Total
Environment, 248, 51-62.

Pazos, P., Perez, P., Rivas, A., Nieto, R., BoreLLa, B., Cresro, J., OLEa-SErRrRANO, F., FERNANDEZ, M.
F., Exrosito, J., OLEa, N. and Pepraza, V. 1998, Development of a marker of estrogenic
exposure in breast cancer patients. Advances in Experimental Medicine and Biology, 444, 29-40.

RuepL, C., CaprrELLETTI, V., CoraDINI, D., GranaTa, G. and D1 Fronzo, G. 1990, Influence of culture
conditions on the estrogenic cell growth stimulation of human breast cancer cells. Journal of
Steroid Biochemistry and Molecular Biology, 37, 195-200.

Scuarer, T. E., Larp, C. A., Haxes, C. M., Lewis, J. B.,, Warana, J. C. and Schuster, G. S. 1999,
Estrogenicity of bisphenol A and bisphenol A dimethacrylate in vitro. Journal of Biomedical
Materials Research, 45, 192-197.

SkenaN, P., Storeng, R., Scubpiero, D., Monks, A., McManox, J., Vistica, D., Warren, J. T.,
BokescH, H., Kexxey, S. and Boyp, M. R. 1990, New colorimetric cytotoxicity assay for
anticancer-drug screening. Journal of the National Cancer Institute, 82, 1107-1112.

SoNNENscHEIN, C., Soro, A. M., Fernanpez, M. F., OLea, N., OLea-SErrRaANO, M. F. and Ruiz-Lorez,
M. D. 1995, Development of a marker of estrogenic exposure in human serum. Clinical
Chemistry, 41, 1888-1895.

Soto, A. M., Cuung, K. L. and SonnexscHEIN, C. 1994, The pesticides endosulfan, toxaphene, and
dieldrin have estrogenic effects on human estrogen-sensitive cells. Environmental Health
Perspectives, 102, 380-383.

Soto, A. M., SonnenscHeIN, C., Cnung, K. L., FErnanpez, M. F., OLea, N. and Serrano, F. O. 1995,
The E-SCREEN assay as a tool to identify estrogens: an update on estrogenic environmental
pollutants. Environmental Health Perspectives, 103, supplement 7, 113-122.

Soto, A. M., MicuaeLson, C. L., PrecutL, N. V., WEeiLL, B. C., SonnenscHEIN, C., OLEA-SERRANO, F.
and OLEA, N. 1998, Assays to measure estrogen and androgen agonists and antagonists. Advances
in Experimental Medicine and Biology, 444, 9-23.

SUMPTER, J. P. 1995, Feminized responses in fish to environmental estrogens. Toxicology Letters, 8283,
737-742.

RIGHTS LI N

M

L

r



Biomarkers Downloaded from informahealthcare.com by Hacettepe Univ. on 11/18/12
For personal use only.

336 T. H. Rasmussen and §. B. Nielsen

Torpart, J., Larsen, J. C., CurisTianseN, P., Giwercman, A., Granpjean, P., GuiLterte, L. J. Jr,
Jecou, B., Jensex, T. K., Jouanner, P., KeipinG, N., Leers, H., McLacHran, J. A., MEever, O.,
MUuLLER, J., RajperT-DE MEYTS, E., Schrike, T., SHarre, R., SUMPTER, J. and SKAKKEBAEK, N. E.
1996, Male reproductive health and environmental xenoestrogens. Environmental Health
Perspectives, 104, supplement 4, 741-803.

US ExvIRONMENTAL ProOTECTION AGENCY. 1998, Endocrine Disruptor Screening and Testing Advisory
Committee Final Report. Internet access at URL: www.epa.gov/scipoly/oscpendo/history/
finalrpt.htm.

ViLrarosos, M., OrLea, N., Brorons, J. A., OLea-SErrano, M. F., Ruiz pe ALmopovar, J. M. and
Pepraza, V. 1995, The E-screen assay: a comparison of different MCF7 cell stocks.
Environmental Health Perspectives, 103, 844—850.

Wabpe, M. G., DesavLniers, D., LeinGarTNER, K. and Foster, W. G. 1997, Interactions between
endosulfan and dieldrin on estrogen-mediated processes in vitro and in vivo. Reproductive
Toxicology, 11, 791-798.

RIGHTS LIMNI



