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ABSTRACT

Estrogen-sensitive hamster kidney tumor cells H301 and their clonal
derivatives were inhibited from proliferating in culture by charcoal-
dextran (CD) stripped serum in a dose-dependent manner. Homologous
serum was more potent an inhibitor than heterologous (human, bovine,
equine) sera. Natural and synthetic estrogens failed to increase the
proliferation rate of cells maintained in 2% CD Syrian hamster serum
(SHS). At CDSHS concentrations above 2%, cell proliferation was
significantly inhibited and estrogens completely reversed this inhibitory
effect. Nonestrogenic steroids failed to overcome the serum inhibition.
Two synthetic estrogens, moxestrol and 11/i-chliironici li>lostradiili, were
10-fold more potent than estradiol in increasing cell proliferation yields;
they were however, less potent than estradiol in inhibiting [3H]estradiol
binding to intracellular estrophilins. </-Kquilenin, a poor inducer of kidney
tumors, was a weak estrogen in the "in culture" proliferation assay.

Ethynylestradiol was highly estrogenic in culture while reports suggest
that it is a poor tumor inducer in the animal. Progestagens inhibit the
growth of estrogen-induced kidney tumors; only promegestone partially
blocked the proliferati ve effect of estradiol in cultures supplemented with
10% CDSHS. Charcoal-dextran stripped serum from animals bearing a
diethylstilbestrol implant was as effective as the serum of untreated male
hamsters in inhibiting the proliferation of B3H301 cells. These results
are compatible with the following interpretations: (a) hamster serum
contains a potent specific inhibitor of the proliferation of estrogen-
sensitive cells (estrocolyone); (b) estrogens induce cell proliferation by
neutralizing the effect of this serum-borne inhibitor; (c) the poor corre
lation between estrophilin binding and proliferativi potency suggests no
direct estrophilin involvement in the proliferative effect of estrogens on
these cells; (</) the results obtained in this "in culture" model using
estrogen (except i'tliyn) li-stradini) and other steroids are compatible with

the results obtained in the animal; and (e) the tumorigenic process in
Syrian hamster kidneys triggered by estrogens probably involves their
direct interaction within these cells (shut-off effect) in addition to the
neutralization of the estrocolyone.

INTRODUCTION

We have explored the regulatory effect of estrogens on the
proliferation of MCF7 and T47D human breast tumor cells
using an "in culture-in animal" model (1-4). We have proposed

the notion that estrogens increase cell proliferation rates by
cancelling the inhibitory effect of a discrete plasma-borne factor
or estrocolyone (indirect-negative mechanism). This interpre
tation is now shared by other groups (5, 6), and similar data
have been presented by other investigators (7-9); the latter
claim, however, that these results are compatible with a direct
proliferative effect of estrogens. In our hands, estrogens also
limited the proliferative response of their target cells by a direct-
negative mechanism (shut-off effect) (1, 2). All the estrogen-
sensitive tumor cells tested so far in our laboratory are inhibited
by charcoal dextran stripped homologous serum, and this effect
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is abolished by estrogens. In addition, the shut-off mechanism
appears to be damaged or totally absent in all these tumor cells.

A fuller understanding of the mechanism of estrogen action
on cell proliferation requires the assignment of specific roles to
putative mediators of estrogenic effects (estromedins, estrocol
yone) (4, 10) and a more extended knowledge of the regulatory
effects of estrogens on gene expression. The present paper deals
with data collected using a well-researched estrogen-sensitive
tumor model, namely, the Syrian hamster kidney tumor origi
nally described by Kirk man (11) and extensively studied by
many (12-15).

MATERIALS AND METHODS

Cell Culture. The H301 cell line was kindly supplied by Dr. David
A. Sirhasku, The University of Texas Health Sciences Center at Hous
ton. These cells were established from Syrian hamster kidney tumors
induced by the chronic implantation of diethylstilbestrol pellets in males
(14). These cells were routinely grown in our laboratory in DME3
(GIBCO, Grand Island, NY) supplemented with 5% heat-inactivated
(56Â°Cx 30 min) fetal bovine serum (Lot No. 100405; Sterile Systems,

Logan, UT). The original estrogen-sensitive population was represented
by cells with diverse phenotypes (epithelial-like and spindle-shaped
cells). In order to obtain homogeneous clonal populations, cells were
seeded first in Costar 3596 Multiplates (Cambridge, MA) and the plates
monitored to verify the presence of only a single cell per well. There
after, discrete clones were isolated, propagated, stored in ampules, and
kept frozen in liquid nitrogen containers. From our first cloning exper
iment, 16 clones were selected for their epithelial-like phenotype. Five
clones were tested for their proliferative behavior in 10% charcoal-
dextran stripped sera from diverse vertebrate species. These were: (a)
human serum obtained from healthy female volunteers at Days 1 or 15
of their menstrual cycles; (b) horse serum supplied by Sterile Systems
(Lot No. 300395); (c) Syrian hamster serum from males and females
(Charles River Animal Lab, Wilmington, MA) obtained from blood
drawn through cardiac puncture of fasted animals; and (a) fetal bovine
serum as mentioned above. Charcoal-dextran stripping was performed
as described elsewhere (1-3).

Experimental Design. From the clones of H301 cells tested in prelim
inary studies a clone-denominated B,l 1301 was chosen for the charac
terization of its estrogen sensitivity. 0.5-1 x IO4cells/well were plated

in Costar 3512 Multiplates containing 1 ml/well of 5% fetal bovine
serum supplemented medium; cells were allowed to attach to the bottom
surface for about 6-24 h. The seeding media was then changed to the
experimental media (1 ml/well). These included the use of heat-inacti
vated serum from different species (Syrian hamster, human, horse, and
fetal bovine); when the protocol required it these sera were CD. They
were used at different concentrations (1-40%). In these proliferative
assays DME without phenol red was used (7). The experimental media
were not changed during the length of these experiments.

Cell proliferation patterns were determined by means of proliferation
curves, that is, the time-course of the cell population increase. These
proliferation curves allow for the measurement of the mean generation
time, i,,, which is a good estimate of the proliferation rate (4). tn is
defined as the time interval in which an exponentially growing culture
doubles its cell number.

Dose-response curves to hormones and sera were determined by
measuring the cell yield of cultures harvested simultaneously in the late

3The abbreviations used are: DME, Dulbecco's modified Eagle's medium; CD,
charcoal-dextran stripped; E2, 17/3-estradiol.
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exponential phase (5-7 days, depending on the inoculum size). Exper
iments in this paper were done during passages 2 to 10 after cloning.

Hormones. 17/-ÃŒ-Estradici,ethynyl estradici, d-equilenin, and testos

terone were supplied by Steraloids Inc., Keene, NH. Progesterone,
hydrocortisone, and 2-catecholestradiol were supplied by Sigma. Mox-
estrol [ll/3-methoxy-17/3-ethynylestradiol (R2858)] and promegestone
(R5020) were generously supplied by Roussell-UCLAF, Romaineville,
France; 11/3-chIoromethylestradiol (Org 4333) was a gift from Organon,
Oss, The Netherlands.

Estrogen-binding Assays. B3H301 cells were grown in DME supple
mented with 5% fetal bovine serum in roller bottles. 24 h before
harvesting, the medium was changed to 5% CD fetal bovine serum to
dilute endogenous estrogens. Cells were harvested with trypsin-EDTA.
Once the cells were detached, trypsin was inactivated with CD fetal
bovine serum. Cells were collected by centrifugation, washed twice with
ice-cold PBS, and resuspended in 500 mM KC1, 0.5 mM EDTA, 5 HIM
dithiothreitol, 10 mM Tris-HCl, pH 7.4. Cells were disrupted by soni-
cation (six 3-s pulses with 30-s intervals), and the 105,000 x g super
natant was used for the binding studies. Saturation analysis was per
formed using increasing [3H]Ez concentrations from 10"'Â°to 6 x 10~8
M. Unspecific binding was measured at each [3H]E2 concentration by
competition with 100-fold excess unlabeled hormone. Bound and free
hormones were separated by charcoal-dextran adsorption. Competition
with other steroid hormones was measured at l O"9M [3H]E2.All binding
experiments were carried out for 15 h at 4Â°C.Binding parameters were

determined by Scatchard analysis (16) using the SCAFIT program (17).
Tumor Growth Assay. Five male Syrian hamsters weighing 125-150

g were s.c. implanted with a 20-mg Â£2pellet. The five control animals
were implanted with a comparable cholesterol implant. 48 h later both
groups were inoculated i.p. with 5 x IO6 B3H301 cells. The animals

were checked for tumor growth twice weekly. The surviving animals
were sacrificed 60 days after inoculation.

RESULTS

Proliferation Yields of B3H301 Cells: Serum Specificity. Fig.
1 shows the proliferative behavior of clone BsH301 in homol
ogous and heterologous serum-supplemented medium. These
cloned cells are more sensitive to CD serum inhibition than the
parental cells (data not shown). The maximal difference be
tween I'Vless ^nd ^-supplemented cultures in homologous and
heterologous serum supplemented medium was 15- and 3-fold,
respectively, after 6 days in culture (see Fig. 1); the homologous
serum was significantly more inhibitory than its heterologous
counterpart. Comparable results to those obtained with CD
female human serum were seen with equally treated horse and
fetal bovine sera (not shown). The data also indicate that cell
yield reached a plateau at 3 x 10~" M Â£2.

Proliferation Patterns. The time course of the proliferative
behavior of BzH301 cells in 10% CD Syrian hamster serum
with and without 3 x 10~'Â°M Â£2supplementation is depicted

in Fig. 2. The mean generation time for cultures supplied with
3 x IO"10 M E2 was 15 h. The doubling time of the E2-less

cultures was 41 h.

Fig. 1. 1.2dose-response curves in medium supplemented with 10% CDFHS
(A) or 10% CDSHS (A). Cell yields were measured at the end of 6 days in culture
conditions as described in "Materials and Methods."
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Fig. 2. Proliferation curve of the HÂ»IHOI clone. Similar inocula were grownin 10% CDSHS with 3 x 10~'Â°M E2 (â€¢)or without E2 (O). Each point represents

three wells. Afurv,1 standard deviation of the mean.
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Fig. 3. Serum dose-response curves: A. B3H301 cells grown in media supple
mented with different concentrations of CDSHS, with (â€¢)or without (O) E2
supplementation (3 x 10 '" M); H. B3H301 cells grown in media supplemented

with different concentrations of CDFHS with (â€¢)or without (O) E2 supplemen
tation. Cell yields were measured at the end of 6 days in culture conditions as
described in "Materials and Methods."

Effect of CD Syrian Hamster Serum Concentration on Cellular
Yields. Fig. 3 shows the yield attained by BsH301 cells after 6
days of exposure to 2, 5, and 10% CD Syrian hamster serum
(Fig. 3/Ã•)and 2, 5, and 10% CD female human serum (Fig. 3Ã„)
both in Fo-lcss and E2-supplemented medium. The cell yield in
E2-less medium varied inversely with the serum concentration
in the culture medium, i.e., the cell yield in 2% CD Syrian
hamster serum was 6-fold higher than in 10%. However, E2
supplementation did not significantly increase the cell yield of
cultures grown in 2% serum. In contrast, the inhibitory effect
of 10% serum was completely reversed by 3 x IO"10M E2, i.e.,

the cell yield increased 12-fold. Comparable, albeit quantita
tively smaller, effects were observed in cultures supplemented
with CD female human serum. The cell yield in E2-supple-
mented medium increased as the serum concentration increased
(Fig. 3); a plateau was reached at 10% CD Syrian hamster
serum and between 10 and 20% CD female human serum (not
shown). This is in contrast with the inverse relationship between
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cell yield and serum concentration in the absence of Â£2.It is
worth noting that the maximal cell yield achieved in E2-supple-
mented cultures was slightly but consistently higher in medium
supplemented with heat-inactivated than with CD heat-inacti
vated serum.

Hormone Specificity. Nonestrogenic steroids such as hydro-

cortisone, testosterone, and progesterone failed to reverse the
inhibitory effect of either CD homologous or heterologous sera
at all the concentrations tested (10~'Â°-10~7M, data not shown).

Only natural and synthetic estrogens reversed the inhibitory
effect of CD serum. Moxestrol and 110-chloromethyl-E2 were
10-fold more potent than E2 (Table 1). Ethynyl-E2 was as active
as E2, diethylstilbestrol was 10-fold less active than E2, and 2-
catechol-E2 was 1,000-fold less potent than E2. For each of
these compounds, the concentration needed for maximal cell
yield was similar in 10% CD Syrian hamster and in 10% equally
treated female human serum. In contrast, the rf-equilenin con
centration needed for maximal cell yield was 10-fold higher in
10% CD hamster serum than in 10% CD female human serum.
This phenomenon was also observed with human CyMCF?
cells, which also required 10-fold more rf-equilenin in 10% CD
Syrian hamster serum than in 10% CD female human serum.

Implanted progesterone pellets were reported to inhibit the
formation of kidney tumors in E-treated animals (11). We
explored the effects of the simultaneous administration of pro
gesterone and E2. As progesterone was not active even at high
concentrations (3 x 10~6M), we tested a synthetic, metabolically

stable analogue, promegestone. Promegestone failed to reverse
the inhibitory properties of 10% CD Syrian hamster serum,
and when administered with 3 x IO"10 M E2 significantly
reduced the cell yield at concentrations above 3 x 10~9 M (Fig.

4).
Hormonal Background of the Serum Donor. We compared the

cell yield achieved by similar B3H301 inocula in medium sup
plemented with 10% female and male Syrian hamster sera

Table 1 Comparison between relative estrophilin binding and proliferative
potencies of diverse estrogens on BJÃ•301 cells

HormoneE2

Hi8-ChloromethylE2
Moxestrol
</-Equilenin50%

Inhibition
estrophilin

binding1.3X
10-' M

3.4 x 10-' M
2.8 x IO'8 M
l.Ox IO"7 MRelative

binding
potency"1.00

0.38
0.05
0.01Relative

proliferative
potency*1.0

10.0
10.0
0.01

" The relative binding potency of these compounds was calculated as the ratio

between the concentrations of unlabeled E2 and agonist needed for 50% inhibition
of [3H]E2binding.

The relative proliferative potency of these compounds was calculated as the
ratio between the concentrations of F; and agonist necessary to elicit maximal
cell yield for a 104-cell inoculum grown in 10% CDSHS for 6 days.

1.5

1.0

"g 0.5

-9
O 10"" K)-" B" Kf9

PROMEGESTONE
Fig. 4. Dose-response curve with promegestone (O) or with 3 x 10"" M E2

and different promegestone concentrations from O to IO'7 M (â€¢).Cell yields were
measured at the end of 6 days in culture conditions as described in "Materials
and Methods."

(Table 2). The cell yields were significantly higher in 10%
female than in male Syrian hamster serum; the maximal yield
obtained by E2 supplementation was, however, similar in both
sera. Charcoal-dextran stripping abolished the difference be
tween 10% female and male sera in the absence of exogenous
E2.

Sera were also obtained from animals chronically implanted
with s.c. diethylstilbestrol pellets. Cells grown in media supple
mented with these sera proliferated maximally without added
E2. Charcoal-dextran stripping resulted in the lowering of the
basal proliferative yield to values comparable to those found
with CD serum obtained from normal male donors.

E2 Binding Studies. Scatchard analysis of data obtained both
from saturation and competition curves showed a A",,value of
8.7 Â±3.2 x 10~10M and an estrophilin concentration of 494 Â±

191 fmol/mg protein.
The relative binding potency of different agonists was meas

ured by competition analysis. In Table 1, the concentration of
agonist needed for 50% inhibition of [3H]E2 binding is com

pared. The relative binding potency of these compounds was
expressed as the ratio between the concentrations of unlabeled
E2 and agonist needed for 50% [3H]E2 binding. E2 potency was

arbitrarily given a value of 1. The relative binding potencies of
moxestrol (0.05) and 110-chloromethyl E2 (0.38) did not cor
relate with their potency to reverse the inhibitory effect of sera
in the cell proliferation assay (both compounds are at least 10-
fold more potent than E2). It is worth noting that the E2 dose
needed for maximal cell yields was 100-fold lower than the one
needed for 50% estrophilin binding inhibition. Also, the doses
of E2, moxestrol, and 110-chloromethyl E2 needed for maximal
cell yield were respectively 100,1000, and 5000-fold lower than
the ones needed for 50% estrophilin binding inhibition; on the
contrary, the concentration of </-equilenin needed for maximal
cell yield was comparable to the concentration needed for 50%
binding inhibition.

Tumor Development. All five E2-implanted animals showed
ascites 15 days after inoculation with B3H301 cells. When
tumor masses became palpable, the animals were sacrificed and
the presence of multiple masses on intestinal walls and dia
phragm were confirmed. The histolÃ³gica! examination of these
tumors indicated complete similarity to features described by
Kirkman(ll).

The control animals did not show any sign of tumors. The
animals were sacrificed 60 days after inoculation. Their peri
toneal membranes were devoid of any sign of tumoral disease.

DISCUSSION

The understanding of the mechanism of estrogen regulation
of cell proliferation is now the subject of considerable contro
versy (4, 10, 18). This is mainly due to the fact that researchers
are designing experiments and assessing data using premises

Table 2 Proliferative yields ofBJÃ¬Ã¬Olcells grown at similar concentrations of
male or female Syrian hamster sera and increasing concentrations ofEi

10%Heat-inactivatedEJ
male SHS

concentration(M)0

3 X IO-'3
3 x IO'12
3x IO'"
3 x10-'Â°10-'Untreated11

9.0 Â±2.7Â°

191.4 Â±26.5
493.2 Â±17.7

1,055.7 + 72.3
930.3 Â±112.4

1,1 10.3 Â±122.1CD

treated80.0

Â±1.5
153.1 Â±8.1
400.4 Â±96.0
877.4 Â±80.9
858.7 Â±52.8
918.2 Â±117.110%

Heat-inactivated
femaleSHSUntreated480.8

Â±8.1
343.3 Â±27.7
570.0 Â±24.7
844.7 Â±43.2
768.2 Â±57.3
916.4 Â±8.5CD

treated66.5

Â±5.7
81.2 Â±15.7

264.0 Â±30.8
62 1.5 Â±86.2
625.8 Â±5.2
624.7 Â±64.9

" Cell numbers represent cells per well x 10' at the end of 6 days in culture
conditions as described in "Materials and Methods."
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which are not comparable. We have recently addressed this
problem (4). The direct and indirect positive hypotheses did
not satisfy our need for an ever-increasing understanding of the
regulation of cell proliferation and therefore, we began to
explore alternative options, namely, the indirect and direct
negative hypotheses. This paper provides additional informa
tion compatible with the latter hypotheses using an experimen
tal model which has so far not been examined under this novel
perspective.

The data presented indicate that (a) charcoal-dextran stripped
serum inhibits the proliferation of estrogen-sensitive cells de

rived from Syrian hamster kidney tumors; (b) the inhibitory
effect of charcoal-dextran stripped sera may be reversed by
either serum dilution or by addition of estrogen; (c) charcoal-
dextran stripped homologous serum is more potent than its
heterologous counterparts in their inhibitory properties; and
(d) steroids other than estrogens failed to reverse the inhibitory
effect of charcoal-dextran stripped serum. All these facts are
compatible with the notion that estrogen-sensitive cells are
inhibited from proliferating by the dose-dependent effect of a
blood-borne specific inhibitor or estrocolyone (Fig. 3). Com
parable results were obtained using estrogen-sensitive human
breast tumor cells (1-4).

In addition, experiments were designed using the postulates
of the direct and indirect positive hypotheses (4). This was done
with the purpose of (a) seeking correlations between the prolif-
erative potency of different estrogens and their relative binding
potency to intracellular estrophilins, as predicted by the former,
and (b) searching for E2 induced-hormone like growth factors,
as postulated by the latter. The assessment of the data collected
suggests that: (a) there was no evidence for the presence of
blood-borne E2-induced growth factors. Charcoal-dextran
stripped sera from animals chronically implanted with diethyl-
stilbestrol pellets were as inhibitory in the cell proliferation
assay as the sera from untreated controls; these experiments
however, do not rule out the presence of putative "autocrine"

growth factors (19); and (b) the search for a correlation between
estrophilin binding and proliferative potency revealed that po
tent estrogens are generally good estrophilin binders. However,
moxestrol and 11/3-chloromethyl E2, which are one order of
magnitude more potent than E2 in the cell prolife.ation assay,
are 3- and 20-fold less potent, respectively, than E2 in the
estrophilin competition assay (Table 1). Similar results were
obtained with human cells in both the homologous (human
cells-human serum) (1) and heterologous (human cells-hamster
serum) combinations (not shown). In addition, the E2 concen
trations needed for maximal cell yield are 20-fold lower than
the estrophilin KÂ¿.Comparable discrepancies between prolifer
ative potency and estrophilin binding were recorded in human
breast tumor cells (1-3). Moreover, cell lines whose estrophilin
A"dvalues differ by an order of magnitude have a similar dose-

response curve to E2 for cell proliferation (1-3). Further evi
dence for the role of serum estrocolyone on the proliferative
event and against direct estrophilin mediation in it is provided
by the systematically lower rf-equilenin concentration needed
to elicit maximal cell yields in 10% charcoal-dextran stripped
female human serum than in 10% equally treated Syrian ham
ster serum in both the human C7MCF7-173 and hamster
B3H301 cells. The data assessed above appear inconsistent with,
but do not rule out, a direct role of estrophilins in mediating
the proliferative effect of E2 on sensitive cells.

The data presented strengthens our arguments regarding the
relationship among the three main protagonists in the regula
tion of the proliferation of genuine estrogen-sensitive cells.

These protagonists are (a) the plasma estrogen level, (b) estro-
colyones, and (c) the target cell, represented by a receptor for
estrocolyones probably present in the plasma membrane. These
results can be definitely linked to any and all of these protago
nists. For example: (a) the fact that charcoal-dextran stripped
homologous serum is a more effective inhibitor than heterolo
gous serum suggests a stringent species-specific recognition
between homologous participants in the proliferative process.
(Â¿>)The high proliferative yield of B3H301 cells at low charcoal-
dextran stripped serum concentrations supports the notion that
in these circumstances estrocolyones are diluted while adequate
nutritive levels are maintained, (c) The significantly increased
cell yield obtained with 10% female over 10% male Syrian
hamster sera correlates well with the plasma estrogen levels in
animals of both sexes. This difference is obliterated by charcoal-
dextran stripping which reveals comparable estrocolyone levels
in both male and female hamster sera, (d) The lack of prolif
erative effect by testosterone, progestins (progesterone, R5020),
and glucocorticoids suggests specificity of interaction between
estrogens, estrocolyones, and estrocolyone "receptors" in these

cells, (e) The inhibitory effect of promegestone on the cell yield
when supplied with E2 in culture correlates with the observa
tions that progestins prevent kidney tumor development that
follows the continuous administration of estrogens (11). Pro
gesterone was not effective in this "in culture" model, while it

was inhibitory for tumor development in the animal; this ap
parent discrepancy may be due to the different metabolic fates
of the natural and synthetic hormone. (/) The weak proliferative
response to rf-equilenin administration in culture parallels that
observed in the animal when tumor incidence was investigated
(13); and (g) data presented in Fig. 1 suggest that these B3H301
cells and six other clones (not shown) lack a shut-off effect
whereby high estrogen doses reduce cell proliferation yields (1-

4, 10).
How do the data collected so far using estrogen-sensitive

tumor cells apply to the control of the proliferation of their
normal counterparts? The mechanistic events in this reaction
are yet to be uncovered. However, it is apparent that estrogens
trigger a biphasic effect on the proliferation to their normal
target tissues in animals, that is, a proliferative response fol
lowed by induced quiescence (4, 10, 20). We postulate that the
proliferative event follows the interaction of estrogens with
estrocolyones; next, inside normal target cells, estrogens trigger
the shut-off mechanism assuring that only a limited prolifera
tive response is generated regardless of high estrogen levels
present in the extracellular compartment. We anticipate that
the difference in proliferative responses between estrogen-sen
sitive "normal" and "tumor" cells will be found at the level of
the "shut-off" mechanism.
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