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ABSTRACT

Estrogen-binding proteins have been characterized in variants of the
MTW-9B rat mammary tumor in an attempt to determine the functional
significance of the low affinity cytosolic estrogen binder. In vivo selection
of tumor variants was carried out by transplant of the tumor into intact
and castrated male and female Wistar-Furth rats for four or five succes
sive transplant generations. Tumors that developed in each of the four
lines were taken for retransplant into intact and castrated male and
female rats and all recipient tumor groups were compared for high and
low affinity estrogen-binding proteins using isoelectric focusing analysis.
No alterations in the isoelectric focusing profiles were observed in tumors
that developed after repeated passage in ovariectomized female or cas
trated male rats when compared to the profile of the estrogen-binding
proteins of the parent tumor carried routinely in intact female rats.
However, a tumor variant containing only the low affinity, more basic
estrogen-binding protein resulted from repeated passage of the M'l \V-

9B mammary tumor in male rats. The high affinity estrogen receptor was
absent in this variant and could not be induced by retransplant of the
tumor into intact female hosts. Growth of the parent tumor and each of
the variants was shown to be ovarian independent, suggesting that the
presence of the low affinity estrogen-binding protein is not predictive of
estrogen responsiveness. This suggestion is further supported by the
observation that estrogen-stimulated progesterone receptor synthesis
could be demonstrated in the parent tumor which demonstrated both
binders, but not in the tumor variant developed in male rats which
contained only the low affinity estrogen-binding protein. Progesterone
receptor synthesis in this latter tumor appeared to be constitutive. Studies
are continuing in an attempt to identify a role for the cytosolic low affinity
estrogen-binding protein.

INTRODUCTION

Our laboratory has previously described a two-component
estrogen-binding system in the MTW-9B transplantable rat
mammary tumor and shown that it is subject to hormonal
regulation (1). This two-component cytosolic binding system is
composed of a high affinity (Kt =0.45 HM), low capacity (max
imal binding capacity =53 fmol/mg protein) estrogen-binding
protein (the type I or classical ER4) and a low affinity (KÂ¿=22

nM), high capacity (maximal binding capacity =164 fmol/mg
protein) binder (the type II estrogen-binding protein) (1). When
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compared to tumors grown in female rats, growth of the tumor
in male rats resulted in a significant increase in the ratio of the
type H/type I estrogen-binding proteins, due mainly to loss of
the high affinity ER (l). Concomitant with this effect was an
inhibition of tumor growth. No changes in estrogen-binding
proteins or in tumor growth were noted in castrated male or
female rats. It could not be determined from the above studies
whether the change in the ratio of the estrogen-binding proteins
was a direct effect of testosterone or the outgrowth of a specific
cell population with an altered complement of estrogen-binding
proteins. In order to address this question, a project was under
taken to select an androgen-responsive cell subpopulation from
the MTW-9B tumor in which the estrogen-binding proteins
could be studied. For comparative purposes, attempts were also
made to select other hormone-responsive or nonresponsive
tumor lines. It was hoped that by selection and analysis of
different tumor lines, it might be possible to identify a role for
the low affinity estrogen-binding protein in growth regulation.

MATERIALS AND METHODS

Animals and Tumors. The tumor was transplanted by trocar into 7-
8-week-old male (250-300 g) or female (150-200 g) inbred Wistar-
Furth (WF/Hsd BR) rats (HarÃanSprague-Dawley, Indianapolis, IN)
and became palpable within 2-4 weeks. All rats were maintained in
temperature-controlled rooms with a 14 h light, K) h dark schedule
and were fed rat chow (Teklad Lab., Winfield, IA) and water ad libitum.
Bilateral gonadectomies and the respective sham surgeries were per
formed under ether anesthesia 2 weeks prior to transplant.

Reagents. [2,4,6,7,16,17-3H-(AO]Estradiol (-140 Ci/mmol) was pur
chased from Amersham Corp., Arlington Heights, IL, and [1,2,6,7-3H-
(AOJprogesterone (-112 Ci/mmol) and [1,2,6,7,16,17-3H]testosterone

(135 Ci/mmol) were purchased from New England Nuclear, Boston,
MA. fri/ma base, dithiothreitol, glycerol, dextran, and unlabeled es-
tradiol benzoate, progesterone, testosterone, diethylstilbestrol, tamox
ifen, and hydrocortisone were products of Sigma Chemical Co., St.
Louis, MO. Ampholines were obtained from LKB-Products AB,
Bromma, Sweden. A^V-Methylene-bis-acrylamide, acrylamide, and ri-
boflavin were products of Bio-Rad Laboratories, Richmond, CA. The
pi calibration kit was a product of Pharmacia Fine Chemicals, Pisca-
taway, NJ. Scintillation fluid (Aqueous Counting Scintillant or Liquis-
cint II) was purchased from Amersham/Searle Corp., Arlington
Heights, IL, or National Diagnostics, Somerville, NJ, respectively.
Dextran-coated charcoal was prepared by resuspension of HCl-acti-
vated Norit A (Fisher Scientific Co., Pittsburgh, PA) and dextran in
TEDGM buffer to final concentrations of 5 and 0.5%, respectively.

Assays. Cytosol was prepared as described previously (2, 3) with the
exception that tumors were homogenized in TEDGM buffer. Binding
of [3H]E2 was measured by incubating 500 n\ of DCC-treated cytosol
with 10 n\ of [3H]E2or 10 n\ [3H]E2containing a 100-fold molar excess
of unlabeled E2 at 4'C for 24 h. [3H]E2was used at a concentration of

3 UMto estimate the high affinity, type I ER and at a concentration of
35 nM to estimate both binding proteins. At the end of the incubation,
bound steroid was separated from free by treatment with a 160-^1 DCC
suspension for 10 min followed by centrifugation at maximum speed
in an International Equipment Corp. clinical tabletop centrifuge for 10
min. Specific binding is defined as the difference between total binding
and binding in the presence of a 100-fold molar excess of unlabeled !â€¢'.-

(nonspecific binding). Isoelectric focusing analysis of the estrogen bind
ing proteins in fresh tumor cytosol was carried out by a slight modifi-
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cation of the procedure of WrÃ¤ngeet al. (4) as described previously (1).
Progesterone receptor assays were performed on tumors frozen at
â€”70Â°Cfor a maximum of 90 days, as described previously (2, 5).

Protein concentration in frozen cytosols was determined according to
the procedure of Lowry et al. (6) using bovine serum albumin as the
standard.

Selection of MTVV-9BTumor Variants. Transplant lines of the MTW-
9B tumor were carried for four (intact female and intact and castrated
males) or five (ovariectomized female) transplant generations in intact
and castrated male and female rats (three to six rats per group) in order
to attempt //; vivo selection of tumor variants. At the end of this time,
one tumor from each of the four resultant "tumor lines" was taken as

a donor for retransplant into intact and castrated male and female rats.
Tumor size was measured using a vernier caliper in two perpendicular
dimensions, and diameter calculated by averaging these two measure
ments.

Statistics. The statistical significance of the difference between two
means was evaluated by Student's t test.

RESULTS

Tumor Growth. The objective of this study was to develop
tumor variants in which the relationship between levels and
ratios of the estrogen-binding proteins could be studied and
correlated with the hormone sensitivity of the tumor. Tumor
variants selected after 4 or 5 passages in castrated or sham-
castrated male and female rats were each transplanted into one
of four groups of rats: sham-ovariectomized females, ovariec
tomized females, sham-castrated males, and castrated males.
Growth of the control tumor, i.e.. that maintained in intact
female rats, was not affected by ovariectomy or castration, but
was moderately inhibited by growth in intact male rats (Fig.

I/I). Similar results were observed for the tumor variant devel
oped by repeated passage in intact male rats (Fig. 1C). Andro-
gen, however, had no inhibitory effect on growth of the tumor
variants developed in castrated male or female rats (Fig. l, B
and /.)).

Estrogen-binding Proteins. Estrogen binding to the high and
low affinity binding proteins was analyzed by isoelectric focus
ing and by the DCC assay. We have previously shown that
when using [3H]estradiol concentrations of 3 or 35 nM, two
estrogen-binding proteins can be observed, focusing at pi values
of 6.6 and 8.0, respectively (1). The concentration of the more
basic protein was shown to increase at the higher [3H]estradiol

concentration, with no change in the level of the more acidic
protein, suggesting the latter is the classical high affinity (type
I) ER and the former the low affinity (type II) estrogen-binding
protein (1). Similar results were observed in the current study,
so only the profiles obtained at the higher [3H]estradiol concen

tration are presented here. Transplantation of the control tumor
line into castrated male or female hosts had no effect on the
IEF profiles of the estrogen-binding proteins when compared
to that observed in tumors from intact females (Fig. 2, A, B,
and D). Levels of the pi 6.6 species, however, were substantially
decreased in tumors from intact male rats (Fig. 1C). None of
the hormonal manipulations altered the isoelectric points of
either of the estrogen-binding species (data not shown). Specific
binding in both peaks was quantitated and results are presented
in Table 1 as the ratio of the type II (pi 8.0 species) to the total
estrogen-binding proteins (pi 6.6 plus pi 8.0 species). There
was a significant increase in this ratio in control tumors trans
planted into intact male rats; however, no change was noted in
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Fig. 1. The effect of host hormonal environment on growth of the control and variant MTW-9B mammary tumor lines. Donor tumors obtained after repeated

passage in sham-ovariectomized or ovariectomized female rats, or sham-castrated or castrated male rats, were transplanted into:. /. sham-ovariectomized female (â€¢);
B, ovariectomized female (O): C, sham-castrated male (O); or D. castrated male (â€¢);hosts. Points, mean tumor diameter Â±SE for 7-10 animals per group.
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Table 1 Effect of host hormonal environment on the ratio of type II to total
cytosolic estrogen-binding proteins in MTW-9B tumor variants

Donor tumors were from each of the tumor variants obtained after repeated
passage of the MTW-9B tumor in castrated or sham-castrated male and female
rats as described in "Materials and Methods." Quantitation of the area under the

peaks was carried out by tracing the peaks on onion skin paper, then weighing
the area of the peaks between total and nonspecific binding.

Donor

RecipientSham OVX*OVXSham castratedCastrated

Sham OVX
OVX
Sham castrated
Castrated

0.56 Â±0.06*

0.57 Â±0.05
0.80 Â±0.04C

0.40 Â±0.06
0.54 Â±0.05
0.81 Â±0.03C

0.85 Â±0.01 0.51 Â±0.07
0.83 Â±0.06 0.50 Â±0.06
0.86 Â±0.04 0.82 Â±0.04C

0.66 Â±0.04 0.50 Â±0.05 0.82 Â±0.04 0.54 Â±0.08
4 OVX, ovariectomized.
* Values, mean Â±SE of five to 10 animals per group, measured at 35 n\i

[3H]E2.
c Statistically different than each of the other recipients, />< 0.05.

tumors transplanted into castrated male or female animals.
That the increased ratio in tumors from intact male rats is
mainly due to loss of the type I species is suggested by the data

in Table 2 showing that when ER levels were measured by the
standard DCC assay, the high affinity ER (measured using an
[3H]estradiol concentration of 3 UM) was decreased in sham-

castrated male recipients compared to each of the other recipi
ent groups. Total estrogen-binding proteins (measured at 35
nM [3H]estradiol) were not altered by the various hormonal

manipulations. Similar results were observed in tumor variants
developed after four to five passages in castrated male as well
as ovariectomized female rats (Tables 1 and 2).

In marked contrast to the above results were the observations
made with the tumor variant developed after four passages in
intact male rats. As can be seen in the IEF profiles presented
in Fig. 3, the type I ER was essentially absent in this tumor
variant (Fig. 3C) and could not be induced by estradici (Fig.
3/4) or by the absence of significant levels of androgens (Fig. 3,
B and D). The type II, low affinity receptor appeared to be
present in concentrations not differing significantly from that
in other tumor variants, and the ratio of this protein to the total
estrogen-binding proteins was not altered by growth of the
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Table 2 Effect of host Hormonal environment on estrogen binding to MTW-9B
mammary tumor cytosol

Donor tumors were from each of the tumor variants obtained after repeated
passage of the MTW-9B tumor in castrated or sham-castrated male and female
rats as described in "Materials and Methods." Specific binding was determined

using the DCC assay.

DonorRecipient3

nM |3H]estradiol

ShamOVXOVXSham

castratedCastrated35

nM I'HJestradiol

ShamOVXOVXSham

castratedCastratedSham

OVXÂ«44.4

Â±10.2*35.4

Â±6.5
22.4 Â±4.8C39.7

Â±6.2170

Â±40162
Â±63

187Â±44187
Â±36OVX32.9

Â±4.449.4
Â±5.7

15.4Â±7.3''48.1

Â±8.569

Â±887
Â±12

40Â±8*86

Â±14Shamcastrated13.0

Â±2.120.0
Â±4.6

10.4 Â±1.5'14.3

Â±2.283

Â±29100
Â±22

70Â±976
Â±19Castrated52.2

Â±9.549.3
Â±8.2

23.5 Â±7.3''64.2

Â±10.8123

Â±20112
Â±22

99Â±26144
Â±27

* OVX, ovariectomized.
* ER values are expressed as fmol/mg protein. Values, mean Â±SE of five to

10 tumors per group.
' Significantly different than castrated male recipients, /' < 0.05.
'' Significantly different than each of the other recipients, P < 0.05.
' Significantly different than OVX recipients, P < 0.05.

tumor under the four different hormonal environments (Table
1).

Hormone specificity of the type I and II E2-binding proteins
in tumors from intact female rats was determined by incubating
[3H]E2-labeled cytosol in the presence or absence of a 1000-fold

molar excess of unlabeled E2, DES, tamoxifen, testosterone,
hydrocortisone, or progesterone. These results, which we have
previously reported (1), showed that when using 3 nM [3H]E2,

percentage of competition was as follows (mean Â±SE of three
rats per group): E2, 74 Â±2; DES, 58 Â±6; tarn, 60 Â±7; test, 46
Â±6; HC, 0; Pg, 13 Â±6. At 35 nM [3H]E2, percentage of

competition was as follows: E2, 42 Â±5; DES, 32 Â±4; tarn, 30
Â±3; test, 29 Â±2; HC, 6 Â±5; Pg, 18 Â±2. Since the tumor
variant developed after repeated passage in intact male rats
appeared to be quite different from the other tumor variants,
we also examined the hormone specificity of the estrogen-
binding proteins in this variant. The tumors used in this exper
iment were from intact male rats. At 3 nM [3H]E2, percentage

of competition was as follows (mean Â±SE of three rats per
group): E2, 57 Â±4; DES, 27 Â±11; tarn, 41 Â±4; test, 26 Â±1;
HC, 16 Â±8; Pg, 17 Â±4. At 35 nM [3H]E2, percentage of

competition was: E2, 38 Â±4; DES, 34 Â±3; tarn, 33 Â±10; test,
14 Â±7; HC, 0; Pg, 30 Â±2. Major differences between the two
tumor variants appear to be a decreased ability of testosterone
and increased ability of progesterone to compete for the estro
gen-binding proteins in the tumor variant developed in the male
rats.

Progesterone Receptor Levels. PgR concentrations were mea
sured in each of the tumor variants to determine if there was a
correlation between the PgR levels and the amount or ratios of
the estrogen-binding proteins. These results are presented in
Table 3. It can be seen that when a tumor from the control
(sham-ovariectomized female) line was used as the transplant
donor, PgR levels tended to be decreased in tumors from intact
and castrated male and ovariectomized female recipient groups.
The same trend is observed in recipient tumors of the line
developed in ovariectomized females; however, no major effects
of hormonal manipulation on PgR levels were noted in the
tumor variants developed in the male animals.

DISCUSSION

This study presents evidence for the development of a MTW-
9B mammary tumor variant that lacks the classical cytosolic

estrogen receptor (type I ER) and contains only the lower
affinity, type II, estrogen-binding protein. This variant contrasts
with the parent MTW-9B tumor (Fig. 2) which contains both
type I and type II binding components (1). The tumor variant
was developed following long-term exposure of the parent
MTW-9B tumor to an environment rich in testosterone. If it is
assumed that the original tumor is heterogeneous in cell type,
then the tumor variant could have arisen as a result of hormonal
selection of specific subpopulations following exposure to the
estrogen-poor and androgen-rich conditions. The cells most
likely to be selected under such hormonal conditions are those
that do not require estrogen for growth and/or those that are
responsive to androgen. In fact, however, although the tumor
variant was ovarian independent as would be expected, andro
gen inhibited growth to a slight extent (Fig. 1C). An alternative
explanation for the origin of the variant is that the continual
presence of testosterone altered the cell type in which both
estrogen-binding proteins were expressed to a cell type that no
longer was capable of expressing the ER+ phenotype. This, in

fact, was observed. In contrast to the effects of an androgen-
rich environment, long-term exposure of the parent MTW-9B
tumor to conditions of estrogen/progesterone or androgen dep
rivation, did not result in selection of a cell population with
altered levels of estrogen-binding proteins.

Using sucrose gradient analysis, we have previously demon
strated a disappearance of the type I ER component in tumors
grown for one generation in intact male rats (1). The current
study confirms this observation by isoelectric focusing analysis.
Theoretically, there are several mechanisms by which testoster
one could affect the high affinity estrogen receptor. First, it
may cause translocation of the ER to the nucleus, as has been
described by others (7), inhibit receptor recycling from the
nucleus, and/or alter the association rate kinetics of estrogen
with its receptor (8). Alternatively, it could directly affect the
synthesis of the ER and/or alter its conformation to a form
that does not bind estradici with high affinity. None of these
postulates can explain the lack of the ER in the tumor variant,
however, since transplant of the tumor into a host with a low
level of androgen did not result in reappearance of the ER.
Rather, it would appear that growth of the tumor in an andro
gen-rich environment resulted in selection of a cell type in
which the classical ER is inherently absent or in alteration of
the cell to a form which can no longer express the ER, perhaps
because of a direct effect at the level of the genome.

The presence of a low affinity estrogen-binding protein has
been described in a number of tissues and tumors (1, 9-15),
and it has been suggested that its level may be important in
predicting the estrogen-responsiveness of human breast tumors
(11). Our data with the MTW-9B tumor argue against this
theory, since the parent tumor, as well as the tumor variants all
grow independently of estrogen. All tumors contained the type
II, low affinity estrogen-binding protein and in no case did the
absolute levels of this estrogen-binding protein nor its ratio to
the total estrogen-binding proteins correlate with estrogen re
sponsiveness.

Progesterone receptor levels in the original MTW-9B mam
mary tumor which our laboratory studied a number of years
ago were shown to be markedly dependent on the presence of
estrogen (2, 3). Moreover, PgR levels were shown to be nega
tively modulated by androgen (5). The "parent" MTW-9B

tumor used in the current experiments is a variant of that used
originally and arose after several passages in outbred W/Fu
rats. As can be seen in Table 3, the sensitivity of the PgR to
both estrogen and androgen in this variant is not as great as
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Table 3 Effect of host hormonal environment on progesterone binding to
MTW-9B mammary tumor cytosol

DonorRecipientSham

OVX
OVX
Sham castrated
CastratedSham

OVX"145

Â±29*
86 Â±23
95 Â±33
90 Â±20OVX86

Â±12
23 Â±5'
25Â±8C
27Â±8CSham

castrated84

Â±14
91 Â±20
55 Â±6
65 Â±9Castrated121

Â±26
112Â±26
62 Â±16

114Â±31
Â°OVX, ovariectomized.
*PgR valuesare expressedas fmol/mg protein. Values,mean Â±SE of fiveto

10 animals per group measuredat 15 nM(3H]progesterone.
' Statisticallydifferentthan sham-OVXrecipients,P < 0.01.

that of the original tumor (2, 3, 5). However, the data presented
here do not provide any evidence that the type II estrogen-
binding protein plays a role in PgR synthesis. Rather, the data
would suggest that a major part of PgR synthesis occurs con-
stitutively with some estrogen-dependent synthesis occurring in
two of the lines (control tumor as well as that developed in
ovariectomized females) that contain the classical ER.

Currently, the function of the low affinity estrogen-binding

protein is unknown, although we have previously speculated
that it might be an altered or modified form of the high affinity
ER (l). Work from other laboratories (16, 17) has suggested
that both the glucocorticoid and estrogen receptors must be
phosphorylated in order to bind steroid with high affinity, and
we have suggested (1) that the low affinity, more basic species
observed upon isoelectric focusing analysis (Fig. 2) may repre
sent a nonphosphorylated form of the ER which binds estrogen
with only low affinity. If this were the case, it would be necessary
to postulate that this phosphorylation could not occur in the
tumor variant that lacks the high affinity ER, either as a result
of a defect in a specific protein kinase, or perhaps as a result of
an amino acid substitution.
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