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ABSTRACT

We have attempted to develop an in vitro assay system for predicting
estradici sensitivity of clinical cancer cells by measuring the effects of
estradici on the net DNA synthesis of primary culture cells. Superino
culation of neoplastic and normal cells onto confluent monolayers of a
contact-sensitive cell line, which have been designated as contact-sensitive
plates (CSPs), resulted in both the specific growth of the neoplastic cells
and the growth inhibition of contact-sensitive normal cells. The applica
bility of CSPs to an estradiol sensitivity test was examined in the known
estradiol-sensitive, estrogen receptor-possessing cell lines, MCF-7 breast
cancer and KSE-1 esophageal cancer cells. The responses of each cancer
cell to estradiol were sufficiently evaluated in this assay and clearly
demonstrated stimulative and inhibitive growth regulatory effects of the
estradiol in MCF-7 and KSE-1 cells, respectively. A total of 38 clinical
carcinomas (33 of the breast and 5 of the esophagus) were tested for
their estradiol sensitivity. A statistically significant increase of cancer
cell growth (/' < 0.1) in nontreated culture from the 48th to the 96th h

of the primary culture on CSPs was observed in 28 of 38 overall cases
(73.7%), and the Ã©valuabledata were obtained within 5 days by a sampling
of 5 x Id' cancer cells. Most of the breast carcinomas exhibited a positive

correlation between the growth-stimulative effect of estradiol in this
assay and the estrogen receptor levels in the resected specimens. On the
other hand, a clinical case of esophageal cancer with an estrogen receptor
showed a growth inhibition of primary carcinoma cells by estradiol
treatment. These results therefore indicate the feasibility of predicting
individual tumor response to estradiol by using a rapid sensitivity test in
vitro.

INTRODUCTION

Estrogen receptor has been found in human carcinomas of
various organs (1), such as in the breast (2), esophagus (3),
colon (4), prostata (5), kidney (6), and skin (7). The determi
nation of estrogen receptor content from human tumor speci
mens helps in the establishment of hormone therapy and has a
predictive value for the course of the disease (8), especially in
breast cancer. However, not all carcinomas containing estrogen-
binding components are necessarily stimulated on cell growth
by estrogen. It has been shown that cell growth of a variant
MCF-7 line possessing estrogen receptor with a similar level to
the wild MCF-7 cell line was inhibited by estradiol (9), while
the wild-type MCF-7 cell line was stimulated by estradiol (10).
We previously demonstrated that the proliferation of esopha
geal cancer cells having estrogen receptor was inhibited by
estradiol treatment in vitro (3). Similar phenomena were re
ported in the primarily xenotransplanted human esophageal
(11) and colon (12) carcinoma in nude mice. Therefore, an
estradiol sensitivity test is necessary to determine whether
estradiol either stimulates or inhibits the proliferation of cancer
cells.

Clinical carcinoma specimens contain normal cells in addi
tion to neoplastic ones in various ratios. In humans, estrogen
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receptors have been reported in the normal cells of many
carcinoma tissues (13-16). In this respect, the measurement in
growth of only the neoplastic cells may require an assay for
selecting the presumptive stem cells and isolating human ma
lignant cells.

In the present paper, we report on the application of a CSP2

assay system designed to provide an estradiol sensitivity test
for clinical carcinomas. The responses of breast and esophageal
cancer cells to estradiol treatment, at putative concentrations
in human serum, are examined in relation to estrogen receptor
content of the tumor. Finally, both the feasibility and efficacy
of such an estradiol sensitivity test for clinical use will be
discussed.

MATERIALS AND METHODS

Chemicals. EMEM without phenol red (17) was purchased from
Nissui Pharmaceutical Co., Ltd. FBS was obtained from M. A. Bio-
products. Gentamicin was supplied by Schering Co. Amphotericin B
was from E. R. Squibb & Sons. Sodium piperacillin was purchased
from Toyama Chemical Co., Ltd. Estradiol (17/j-estradiol) was pur
chased from the Sigma Chemical Co. It was dissolved in cthanol (final
ethanol concentration, <0.1%) and then directly diluted to the desired
concentration with a fresh medium containing 2.5% FBS prepared with
dextran-coated charcoal (5% charcoal, 0.5% dextran) to be essentially
free of estradiol (18). Activated charcoal powder was obtained from
Wako Pure Chemical Industries, Ltd. Dextran T-70 was obtained from
Pharmacia, Uppsala, Sweden. 16Â«-'25I-17/3-estradioland KPÂ¡were pur

chased from Amersham.
Cell Culture. BALB/c 3T3 A31 cells, originally isolated by Kakunaga

(19), were recloned in our laboratory. Their growth was found to be
highly sensitive to density-dependent inhibition. The MCF-7 cell line
(20) was kindly provided by Dr. Inaba. Cancer Chemotherapy Center,
Japanese Foundation for Cancer Research. MCF-7 cells possess specific
high affinity and low capacity receptors for estrogen (21). The KSE-1
cells derived from a Japanese man with esophageal carcinoma were
established in our laboratory (3). The nontransformed C3H/10T1/2
clone 8 mouse embryo fibroblast line (22) was obtained from the
Japanese Cancer Research Resources Bank. Normal rat 3Y1 fibroblast
(23) was kindly provided by Dr. Kimura, Department of Virology,
Medical Institute of Bioregulation, Kyushu University. Human fibro
blast cells were obtained from a normal esophageal specimen obtained
from a Japanese man. The cell lines and human fibroblast cells were
maintained in a monolayer culture in EMEM supplemented with
glutamine (0.3 mg/ml), gentamicin (5 Â¿ig/ml),and 10% heat-inactivated
FBS. These cells were given two passages prior to conducting the
experiments.

Preparation of CSPs. Confluent monolayers were prepared by inoc
ulating 3 x IO4 BALB/c 3T3 cells into 35-mm tissue culture dishes

(Corning 2500). The medium was changed at the stage of confluence,
and the plates were incubated for an additional 2 days to ensure
complete confluence [1.45 Â±0.23 (SD) x IO5cells/dish]. The confluent
monolayers of these contact-sensitive cells were termed CSPs (24). The
cells to be tested on the confluent monolayers were superinoculated
with a fresh medium.

2The abbreviations used are: CSP, contact-sensitive plate; EMEM, Eagle's
minimal essential medium: FBS. fetal bovine serum: DCC. dextran-coated char
coal.
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ESTRADIOL SENSITIVITY TEST ON CONTACT-SENSITIVE PLATES

Cell Growth on CSPs. The cell growth of normal and neoplastic cells
on CSPs and plastic dishes was evaluated by measuring the cell number
and "Pi in net DNA synthesis. The tissue culture condition was deter

mined according to the method of Aitken and Lippman (25). The cell
lines and the clinical tumor cells were cultured in EMEM supplemented
with 10~7 mol of insulin/liter, 0.3 mg/ml of glutamine, 5 Mg/ml of

gentamicin, and 2.5% heat-inactivated and dextran-coated charcoal-
treated FBS (2.5% EMEM/DCC) at 37Â°Cin a humidified 5% CO2/

95% air atmosphere. The pH of the culture medium was maintained at
approximately 7.4.

In the reconstructed culture experiments, the known ratios of KSE-
1 and/or normal BALB/c 3T3, or C3H/10T1/2 clone 8, or 3Y1, or
human fibroblast cells at the logarithmic growth phase were coculti-
vated on CSPs with EMEM/DCC for 48 h. The medium was replaced
with EMEM/DCC containing 10~5mol of phosphate/liter but lacking

asparagine. In consideration of the growth pattern of both KSE-1 (Fig.
I ) and MCF-7 cells (24). the cultures were further incubated either with
or without 10~2ng/ml estradici for 48 h.

To examine the dose dependency of estradici, two cell lines, MCF-7
and KSE-1 cells, and two primary breast cancer cells were treated with
various concentrations (10 7-10Â°ng/ml) of estradici from the 48th to

the 96th h (a total of 48 h) after the seeding of the cells.
Estradici Sensitivity Test for Clinical Carcinomas. Clinical carcinoma

tissues were minced with trimming blades measuring <1 mm1. A minced

tumor specimen was then soaked for 4 min in 10% EMEM consisting
of 100 Mg/ml of sodium piperacillin, 5 Mg/ml of gentamicin, and 5 Mg/
ml of amphotericin B, which was repeated 5-7 times with renewals of
antibiotic solution. The tumor fragments were placed into a flask
containing 10% EMEM and 0.14% collagenase type 1 stirred for 30
min at 37'C to allow for enzymatic digestion. A single suspension of

tumor cells was prepared by the mechanical pipeting of the digested
specimen into a fresh medium. After counting the number of viable
cells in a 0.4% trypan blue solution by hemocytometer, these tumor
cells were then used for the experiments. The primary tumor cells were
superinoculated onto CSPs at a density of 5 x 10' cells/35-mm dish.
After 48 h of incubation, the cells were treated with estradiol (10~7-10Â°

ng/ml) for 48 h in EMEM/DCC medium.
Quantitative Measurement of Cell Growth. Cell number per dish was

counted by a Coulter Counter (Coulter Electronics, Inc.) immediately-
after estradiol treatment. For determination of "PÂ¡in DNA, the cultures
were labeled with 1 pd of "Pi/ml for 8 h. The cells were harvested and

then collected by centrifugation. The cell pellets were washed and
disrupted with a sonicator at its lowest setting. After the sonicate was
incubated for 1 h with 15 mg of pancreatic RNase, 1.5 mg of T, RNase,
and 30 mg of Pronase/200 ml of sonicate, the sample was loaded on a
hydroxylapatite column (26). Radioactivity was determined by a Pack
ard liquid scintillation counter. The response of the cancer cells to
estradiol was determined by the percentage cell growth calculated with
the following formula;

Cell growth (%)
A - C
B - C x 100

in which A = estradiol-treated culture. B = nontreated culture, and C
= background of CSP alone.

Estrogen Receptor Assay. An estrogen receptor assay was performed
by a modified method of Tominaga et al. (27), as previously described
(3). In brief, approximately 1 cm' of the clinical carcinoma specimen
or 10s trypsinized cells of KSE-1 or MCF-7 were sonically disrupted in
0.02 M Tris-HCl-0.0015 M EDTA-0.012 M monothioglycerol-5% glyc-
erol, pH 7.8, at 4Â°C,followed by centrifuging at 105,000 x g for 60
min at 4Â°C.The supernatant served as the estrogen receptor fraction.

The incubation mixture for the total binding study was composed of
50 M!of 0.02 M Tris-HCl-0.0015 M EDTA-0.012 M monothioglycerol-
5% glycerol, pH 7.8, containing various concentrations of 16Â«-'"1-170-

estradiol and 50 M!of cytosol. The incubation mixture for the nonspe
cific binding study was composed of 50 M' of 2 MMdiethylstilbestrol
containing 16Â«-'25I-17fi-estradioland cytosol. After incubation for 18
h at 4Â°C,0.5 ml DCC was added, and the preparation was then further
incubated for 30 min at 4Â°C,followed by centrifugation at 3,000 x g
for 20 min. The supernatant was directly assayed for '"I radioactivity.

using an Aloka Auto-Gamma counter. Since the values of 3 fmol/mg
or more of cytosol protein are measurable, such a result should rule
out any artifacts resulting from inadequate methodology (27).

Statistical Analysis. Student's t test was used to determine the statis

tical differences between the various groups. The correlations between
the estrogen receptor content in the clinical tumors and the response
of cultured cancer cells to estradiol expressed by a relative amount of
32Piin DNA were analyzed by the method of Pearson. The correlation
between the cell number and the 32PÂ¡incorporation into DNA were
examined by an analysis of the variance for two-way design with
interaction.

RESULTS

Growth Properties of Neoplastic and Normal Cells on CSPs
and Plastic Dishes. To evaluate the growth-regulatory effects of
the CSP, comparative studies of cell growth on both CSPs and
plastic dishes were examined for neoplastic and normal cells.
Cancer cells such as KSE-1 and MCF-7 cells multiplied in an
exponential manner on both the plastic dishes and CSPs. In
contrast, normal cells, such as human fibroblast and BALB/c
3T3 cells, failed to proliferate on CSPs, while they did prolif
erate on the plastic dishes (Fig. 1).

Cell Proliferation and Response to Estradiol of KSE-1 Cells
on CSPs. The cell growth of KSE-1 treated with estradiol on
CSPs showed an initial lag up to the 36th h of the treatment
and thereafter showed a linear increase in the cell number (Fig.
2A). A linear incorporation of "PÂ¡into the DNA of KSE-1 cells

was observed after the 6th h at the beginning of the labeling
with ':PÂ¡(Fig. 25). Based on these KSE-1 cell growth patterns,

the optimal culture conditions for determining the influence of
estradiol on the growing cells were defined to be as follows; 48
h of estradiol treatment and 8 h of exposure to 32PÂ¡.

Cell Proliferation in Reconstructed Cultures on CSPs. In the
control cultures without estradiol treatment, the amounts of
"Pi incorporated into the DNA of IO2, 10', and IO4 KSE-1

cells alone superinoculated onto CSPs were 710, 7,740, and
79,300 dpm, respectively, correlating with the seeded cell num
bers (Table 1). The presence of 5 x IO4 of 3T3 cells superino-

1x10'
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incubation time (days)
Fig. 1. Growth curves of KSE-1. MCF-7. BALB/c 3T3. or human fibroblast

cells inoculated on CSPs or plastic dishes. After inoculation of 3 x 10* cells, the

medium was changed every 3 days. The cell number of each dish was counted
daily. On the plastic dishes: KSE-1 (O); MCF-7 (D); BALB/c 3T3 (A); primary
human fibroblasts (V). On CSPs: KSE-1 (â€¢);MCF-7 (â€¢);BALB/c 3T3 (A);
primary human fibroblasts (T). Bars, SD in 3 dishes.
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Fig. 2. Cell growth of KSE-1 with or without estradici treatment on CSPs (A)

and "P, in DNA of KSE-1 cells on CSPs (A). In A, KSE-I cells (IO3) were

superinoculated onto CSPs and incubated for 48 h. Thereafter the cultures were
incubated either with (O) or without (â€¢)the continuous treatment of IO~Jng/ml

of estradiol. The cell number of each dish was counted by a Coulter Counter at
the times indicated. In if, KSE-1 cells (IO3) Â»eresuperinoculated onto CSPs and
incubated for 48 h. The cultures were further incubated either with (O) or without
(â€¢)IO'1 ng/ml estradiol for 48 h and then I nCi/ml of "P, was added at time 0.
Cells were harvested at the times indicated. Cell growth (cell number, "P, in
DNA) = A - B, in which A = KSE-1 cell cultures on CSPs and B = CSPs alone;
bars, SD in 3 dishes.

Table I i2Pi in DNA in reconstructed cultures on CSPs

The known ratios of normal BALB/c 3T3 or neoplastic KSE-1 cells were
cocultivated on CSPs with 2.5% EMEM/DCC for 48 h. After the change ofmedium with 2.5% EMEM/DCC containing 10"' mol phosphate/liter (without
asparagine). the cultures were further incubated either with or without 10~! ng/
ml estradiol for 48 h and thereafter labeled with I /iCi of 32Pi/ml for 8 h. The
radioactivity of 3!Pi in DNA of the grown cells was measured.

Seeding cell
density3T30

5 x IO4

0
5 x 10"

0
5 x IO4

0
Sx 10"KSE-10

0
10*
IO1
IO3
IO3
IO4
IO"32Pi

in DNA

(dpm)/dish with
2.5%EMEM/DCCWithout

I(T2 ng/ml

estradiol480
Â±40"

510 Â±70
1,190Â± 120
1,220 Â±110
8,220 Â±210
8.220 Â±340

79.800 Â±310
79,900 Â±180With

IO"2 ng/ml

estradiol470

520
930
940

5,500
5.490

51.900
52,000 :10

60
80
90
390
280
450

t 390
' Mean Â±SD in 3 dishes.

culatea onto CSPs showed 510 dpm of "PÂ¡incorporation, which

was equivalent to the background of CSPs alone (480 dpm).
Similarly, when 5 x IO4of other normal cells, such as C3H/
IOT'2 clone 8, 3Y1, and human fibroblast cells, were superi
noculated onto CSPs, the 52PÂ¡in DNA measured at the 48th h

after superinoculation was 520 Â±30, 560 Â±10, and 490 Â±10
dpm, respectively, and was almost equal to the background.
The cocultivation of 3T3 cells with KSE-1 cells did not signif
icantly affect the amount of "PÂ¡incorporation in the DNA of
KSE-1 cells. These results indicated that normal cells almost
completely failed to proliferate on CSPs and did not influence
the growth of KSE-1 cells on CSPs. In estradiol-treated cul
tures, the incorporation of <2PÂ¡in the DNA of KSE-1 cells was

suppressed by estradiol treatment and those values increased
with the cell number of KSE-1. When more than 10' cells of
KSE-1 were superinoculated onto CSPs, the amount of'2PÂ¡in

the DNA (5,500 dpm) of the cultures was sufficiently higher
than the background, suggesting that more than 10' of cancer

cells are necessary for the sensitivity test.
Cell Growth of the Primary Human Breast Cancer Cells on

CSPs. As As shown in Table 2, the amount of 12PÂ¡incorporation

21

into the DNA on CSPs increased substantially with an incre
ment of cell number at both the 48th and the 96th h in the
primary culture of human breast cancer (Table 3, Case 7).

The cell number at the 48th h after superinoculation onto
CSPs had become lower than that at the beginning of superi-
noculation. This is probably due to the presence of normal cells
incapable of proliferation on CSPs in the primary cultures.
Both the cell number and 12PÂ¡in DNA increased from the 48th

to the 96th h of cultivation and closely paralleled each other.
Dose Response of MCF-7 and KSE-1 Cell Lines and Primary

Breast Carcinomas to Estradiol. As illustrated in Fig. 3, the
responses of KSE-1 and MCF-7 cells to various concentrations
of estradiol were investigated on CSPs. The relative cell number
and 12PÂ¡in DNA of KSE-1 decreased with an increase of

estradiol concentration (F = 1.78, PR > F; 0.139: at estradiol
concentrations >10~6 ng/ml). On the other hand, both the cell
number and the 12PÂ¡in the DNA of MCF-7 increased after
estradiol treatment (estradiol concentration < 10" ng/ml) show

ing a good correlation (F = 0.54, PR > F; 0.470).
As shown in Fig. 4, in two primary cultures of breast carci

nomas (Cases 2 and 7 in Table 3), the relative cell number and
32PÂ¡in the DNA increased by estradiol treatment and showed a
positive correlation to each other (Case 2: F = 0.92, PR > F;
0.50, Case 7: F = 0.42, PR > F; 0.85).

These results indicate that the measurement of '2PÂ¡in the

DNA of cancer cells on CSPs can be a valuable indicator to
assess the response of cancer cells to estradiol in both estab
lished cell lines and primary human neoplastic cells.

Comparative Study between 32PÂ¡in DNA and Estradiol Recep

tor Content for Clinical Carcinoma. A total of 38 clinical carci
nomas, 33 breast and 5 esophageal carcinomas, were examined
for their estradiol sensitivity in the primary culture cells and
estrogen receptor content of tumor specimens (Table 3).

Most of the breast carcinomas exhibited a good correlation
between the responses to estradiol and estrogen receptor con
tent, i.e., the growth of the primary cells derived from the
tumors having >3 fmol/mg of estrogen receptor content were
stimulated by estradiol, whereas tumors with <3 fmol/mg of
estrogen receptor were not influenced by estradiol. As shown
in Fig. 5, statistical analysis with Pearson's method indicated a
good correlation between the relative increase of 12PÂ¡in DNA

of cultured cells after estradiol treatment and the estrogen
receptor content of the tumor, with a correlation coefficiency
of 0.966 (P' = l .674ER + 102.2). However, some tumors (Cases

Table 2 Correlation between the increase in cell number and nPi in f)NA of

primary human breast carcinoma on CSPs
One case of clinical breast carcinoma (Case 7 shown in Table 3) was examined

as a sample of the growth on primary human tumors. The known ratios of a
single cell suspension of clinical tumor cells were cultivated on CSPs with 2.5%
EMEM/DCC for both 48 and 96 h. Then, the number of the grown cells on
CSPs [no. of the grown cells on CSPs = (total no. of cells) â€”¿�(no. of cells on
CSPs)] after superinoculation. Radioactivity of the total cells in the plates was
measured.

Seeding
cell density
of primary
tumor cellNo.

of
cells/dish

afterseeding48

h 96 h32Pi

inDNA(dpm)/dish

afterseeding48

h 96 h

05
xIO310"2

xIO45
xIO410'2

X 10'0(-)'(â€”

)(â€”

)1.6
xIO43.4

x10"6.8
x IO40(â€”

)(â€”
)(â€”

)3.3
xIO46.9

xIO41.4

x 10'4809,41018,30036.10089.8001
78.00040Â°3709201.2901,1003.200356.000

2.800Â°480

Â±6017,80034,90068,400179.000341.0001,0408701.8602.6902.700'682,000

4,100f

Â°Mean Â±SD in 3 dishes.
* Not done.
' Labelled assay was done after dilution.
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Fig. 3. Dose response of MCF-7 and KSE-1 cells to estradiol treatment. MCF-

7 or KSE-1 was supcrinoculated onto CSPs at a seeding density of 10' cells/dish
for determination of "P, in DNA and at 5 x 10"cells for counting cell number.
The cultures were incubated with 2.5rÃEMEM/DCC containing concentrations
of estradiol for 48 h. and the cell number of each dish was counted by a Coulter
Counter after estradiol treatment. See "Materials and Methods" for description
of determination of "P, in DNA. The percentage of cell growth was expressed as
the percentage of 32PÂ¡in DNA (â€¢)or of cell number (O) on treated cultures
relative to those on nontreated preparations in MCF-7 (â€”) or KSE-1 cells
( ). Cell growth (9i) = (A - C)/(B - C) x 100. in which A = estradiol
treatment cultures on CSPs, B = nontreatment cultures on CSPs, and C =
nontreatment CSPs alone; bars. SD in } dishes.

8, 12, 15, and 16), having >3 fmol/mg of estradiol receptor,
did not show any significant increase of 12PÂ¡in DNA in estra-
diol-treated cultures compared with those in control cultures.
Case 17, which had an estrogen receptor of <3 fmol/mg,
showed an increase in the percentage of cell growth, 142% by
\Q~~ng/ml of estradiol treatment. On the other hand, a case of

esophageal carcinoma with 4.8 fmol/mg of protein of estrogen
receptor (Case 34) showed a growth inhibition of cultured cells
by estradiol treatment. Another 4 esophageal carcinomas did
not possess the estrogen receptor, and the cultured primary
cells were not affected by estradiol.

When "Pi in DNA of primary carcinoma cells was compared

between 48th and 96th h after superinoculation on CSPs, a
statistically significant increase in cell growth (P < 0.1) was
observed in 23 of 33 breast carcinomas (69.6%), in all of the 5
esophageal carcinomas (100%), and in 73.7% of overall.

DISCUSSION

In developing estradiol sensitivity tests for clinical carcino
mas, both a suitable primary culture system and a parameter to
quantitate the response of the cancer cells to estradiol are
required. One of the problems with primary cultures of clinical
cancer cells is due to the fact that carcinoma specimens contain
normal cells as well as neoplastic ones to varying degrees. In
the present study, to obtain a specific growth of the primary-

cancer cells and to eliminate the concomitant growth of normal
cells, the primary cells obtained from the clinical specimen were
cultivated on confluent monolayers of contact-sensitive cells,
designated as CSPs. On CSPs, normal cells exhibiting contact

sensitivity, such as human and mouse fibroblasts, were not able
to proliferate, whereas cancer cell lines, MCF-7 and KSE-1
cells, were capable of growing. Consequently, it was proven that
the presence of normal cells did not affect the proliferation of
cancer cells in the reconstructed culture on CSPs. These find
ings are compatible with previous reports that the ability of
cells to proliferate on confluent monolayer of normal cells was
assumed to be a neoplastic phenotype (28) and that almost all
normal cells died within 2 days on confluent monolayers (29).
We have recently examined the influence of estradiol on the
function of CSPs and reported that CSPs kept the characteris
tics of contact sensitivity after treatment with estradiol at
concentrations < 10: ng/ml (24). Furthermore, confluent mono-

layer appeared to be favorable for both the attachment of
primary cancer cells and their growth, when the monolayer
presumably acted as a feeder layer (29-31).

In order to quantitate the cell growth and the response to
estradiol on CSPs, 12PÂ¡in DNA was measured, which has been

used by Aitken and Lippman (25) to assess the hormonal
regulation in cultured MCF-7 breast cancer cells. They stated
that the net DNA synthesis measured with "PÂ¡ showed a

positive correlation with cell growth after estradiol treatment
(25). In our experiment, 12PÂ¡in DNA was considered to be an

excellent indicator for the growth property on CSPs in both
established and primary human neoplastic cells. By using this
method, we were able to quantitatively evaluate the response of
cancer cells to estradiol within 5 days. When 1 x IO3 of the
established cells or 5 x 10'of the primary cells were superino-
culated on CSPs, the amounts of 12PÂ¡in DNA of cancer cells

were significantly higher than the background of CSPs, thus
indicating that even a small number of 1-5 x 10' cells can be

assayed by this method.

300

250

O
O)

l 20Â°
Ã¼

150

100

o io"n io"6 io ' io 4 10' 10â€¢¿�10 10

estradiol concentration (ng/ml)
Fig. 4. Dose response of two cases of primary breast carcinomas. Primary

human breast carcinoma cells were superinoculated onto CSPs at a density of 5
x 10'cells/dish for determination of "Pi in DNA oral 10'cells/dish for counting

cell number. The percentage of cell growth was expressed as the percentage of
"Pi in DNA (â€¢)or cell number (O) on treated cultures relative to those on
nontreated preparations in Case 2 (â€”)or Case 7 ( ) shown in Table 3. The
method of treatment and the determination of cell growth is described in Fig. 3.
Bars. SD in 2 dishes.
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Table 3 Comparative study between estradiol receptor content and "Pi in I).\A far clinical carcinomas

Case1234567X9101!121314IS1617181920212223242526272829303132333435363738Age(y)7348524569443852506260685363514663586472445968477357764955637345627468587254SexF1FFFFFFFFFFFFFFF1IF11F11FFFFFFFFMMMFFOriginBrHrHrHrBrBrBrBrBrBrBrBrBrBrBrBrBrBrBrBrBrBrBrBrB

rBrBrBrBrBrBrBrBrEspEspEspEspEspPathologyIDCIDCIDCIDCIDCIDCIDC'IDCIDCIDCIDCIDCIDCIDCIDCIDCIDCIDCIDCIDCIDCIDCIDCIDCIDCIDCIDCIDCIDCIDCIDCIDCIDCsecsecsecsecsecEstrogen

receptor
(fmol/mg)135.8102.573.769.232.530J30.227.125.019.0I6.X15.413.911.18.23.8<3.0<3.0<3.0<3.0<3.0<3.0<3.0<3.0<3.0<3.0<3.0<3.0<3.0<3.0<3.0<3.0<3.04.X<3.0<3.0<3.0<3.0%

cell
growth

Kd" incontrol
(M)culture*1.0

x10-4.6
x10-4.2
x10-5.1
x10-3.8

x103.6
x10-4.7
x10-9.2
x10-4.3
x10-3.1
x10-3.2
x10-1.2
x10-3.7
x10-3.8
x10-2.3
x 10-0

1211630

1420
112890

1590
2071
980
1230
1571941021

1300
1040

1261.4
x IO"Â°122(-)

136(-)
84(-)
128(-)
103(-)
93(-)
162(-)
123(-)
165(-)
103(-)
147(-)
139(-)
96(-)
119(-)
128(-)
100(-)
168(-)

1155.8
x 10""'123(-)

152(-)
129(-)
194(-)

149%

cellgrowthin
estradiol-trcatedculture'

(ng/ml)io-'214200153162124112131100110102100100107NT100100101100103IDI)100100NT1001009610010098100NT10010083100100100100io-288257204198132NI1681021401081011011191131021011229810298NT100981001001001021031001021001021027498100100100io-33

IX26Â«2152261721451771081421511211051

1111710210813810210210010010010010610311)110310210010010410010268969498101io-230226223622916816318210714716213410210910810010914210710310010399981001001001021041011039810310157939X93103io-1291245194193123157168100104143118100102106100ND12810010096100961009810092100100941029810010159989810098Ã©value"<0.01<O.OI<0.01<0.01<0.01<0.01<0.01NS<O.OI<0.01<0.()2NS<0.05<0.10NSNS<0.01NSNSNSNSNSNSN

SNSNSNSNSNSNSNSNSNS<0.01NSNSNSNS

" Kd. dissociation constant: Br. breast: NT. not tested: NS. not statistically significant (P <. 0.1): IDC", invasive ductal carcinoma: lisp, esophagus: SCC. squamous

cell carcinoma.
* Cell growth rate on CSPs in control culture with no estradiol treatment: cell growth rate ('V) = ("Pi in DNA at the 96th h - "Pi in DNA of C'SP alone)/("Pi in

DNA at the 48th h - "Pi in DNA of C'SP alone) x 100: underline, statistically significant increase of "Pi in DNA at the 96th h in comparison with that at the 48th

h.
' Percentage of cell growth in estradiol-treated cultures = ("Pi in DNA in estradiol-treated culture at each concentration - "Pi in DNA of CSPs alone)/("Pi in

DNA in nontreated culture â€”¿�"Pi in DNA of CSP alone) x 100; underline, the most evident growth regulatory effect by estradiol. which was used for statistical

analysis.
**Statistical difference between the control culture and estradiol-treated culture exhibiting the most evident growth regulatory effect by estradiol.

<
Z 300
Q

N-33
Slope 1674
Intercept 102.2
7 0.966

estradiol receptor content (fmol/mgprotein)
Fig. 5. Statistical analysis for the correlation between estradiol receptor con

tent and growth rate expressed by "PÂ¡ in DNA of primary cultured cancer cells
after estradiol treatment. The maximal rale of relative amount of "PÂ¡in DNA in

each case was used for this analysis. The correlation coefficient was established
by the method of Pearson.

As a first step, the applicability of this assay system was
examined in the estradiol-responsive and estrogen receptor-

positive cell lines. It had been reported that the cell growth of
MCF-7 human breast cancer cells were stimulated by estradiol
on Petri dishes (32). In contrast, we found that KSE-1 human

esophageal cancer cells, established in our laboratory, had a
binding content of 4.2 fmol/mg of protein for the estrogen
receptor (dissociation constant, A'd = 3.5 x 10~'Â°M) and that

the growth of KSE-1 cells was inhibited by estradiol (3). In the

present experiments, the response of each cell line to estradiol
was reproducible on CSPs and was able to be quantitatcd by
measuring <:PÂ¡in DNA. The results indicated the optimal

incubation time to be 48 h for estradiol treatment and 8 h for
"Pi labeling.

As a second step, a total of 38 clinical carcinomas (33 breast
and 5 esophageal carcinomas) were examined for their estradiol
sensitivity. As shown in Table 3, a statistically significant
increase of cancer cell growth in nontreated culture from the
48th to the 96th h of primary culture was observed in 23 of 33
breast carcinomas (69.7% ) and all of 5 esophageal carcinomas
(100%); 73.7% overall. In most cases of breast carcinomas,
there was a positive correlation between the growth-stimulative
effect of estradiol and the estrogen receptor status of the re-
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sected specimen. This correlation suggested that this assay
system could be applicable to the estradiol sensitivity test for
clinical carcinomas. However, some clinical tumors (Cases 8,
12, 15, and 16) with estradiol receptor showed no relative
increase in percentage of cell growth in estradiol-treated cul
tures. This is probably because the tumor estrogen receptor
failed to translocate to the nuclei (32, 33) or the normal breast
epithelium around neoplastic cells in carcinoma tissue had an
estrogen receptor (13).

On the other hand, 1 of the 5 esophageal tumors (Case 34 in
Table 3) possessed an estrogen receptor, and both the primary
culture cells of this tumor and the KSE-1 cell line derived from
other tumors were inhibited for cell growth by estradiol. This
finding supports the concept that not all carcinomas containing
estrogen receptor have their cell growth necessarily stimulated
by estradiol, as documented previously (3, 11-12, 34). Since
our present investigation so far only concerns the response of
cultured cells in vitro, the correlation between the response of
cultured cells to estradiol and the clinical responses to endocrine
therapy should be further investigated.

When estimating the response of estradiol by 12PÂ¡in the DNA

of neoplastic cells on CSPs, we conclude that: (a) the assay
system using CSPs is able to predict the sensitivity of the clinical
cancer cells to estradiol by eliminating the growth of normal
cells; (b) this assay can indicate whether the growth of the tested
cancer cells is either stimulated or inhibited by different phys
iological levels of estradiol; (c) the relative 12PÂ¡in the DNA of

the cultures after estradiol treatment shows a good correlation
with the level of estradiol receptor content in breast carcinoma;
(d) even a small number of cells (10' neoplastic cells/35-mm

dish) can be assayed within 5 days. Consequently, our system
of assaying '2PÂ¡in the net DNA of neoplastic cells alone on

CSPs could be potentially useful as a rapid in vitro estradiol
sensitivity test for human carcinoma.
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