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Conditional expression of estrogen receptor (ER)-�)
was introduced into tetracycline-responsive MMTV-
tTA/tetop-TAg mice to develop a mouse model of es-
trogen-responsive ER-�-positive mammary adenocar-
cinoma. Mammary adenocarcinomas developed in
the mice with a mean latency of 11 months. Precursor
lesions including ductal hyperplasia and hyperplastic
alveolar nodules were present by the age of 4 months.
The mammary adenocarcinomas exhibited histologi-
cal features similar to human breast cancers. ER ste-
roid-binding studies conducted on adenocarcinoma
lysates demonstrated binding to estradiol. Tumor ex-
plant studies in the presence and absence of estradiol
in ovariectomized athymic nude mice revealed that
growth of mammary tumors was stimulated by estro-
gen. In addition, the presence of ER-� altered the
tumor spectrum in other MMTV-targeted tissues in the
tTA/TAg female mice. Lymphomas, which develop in
40% of tTA/TAg female mice, were found in only 4%
of tTA/TAg/ER-� mice (P � 0.014, chi-square test).
These experiments demonstrate that the introduction
of an ER-� transgene targeted to mammary epithelial
cells can be used to develop mouse models of ER-�-
responsive mammary cancer. (Am J Pathol 2003,
163:1713–1719)

Breast cancer is the most common malignancy in fe-
males and the second leading cause of cancer deaths in
women in the United States.1 Risk factors for this disor-
der, such as early menarche and late menopause, indi-
cate an important etiological role for hormones, specifi-
cally estrogen.2 Estrogen acts as a growth factor in
normal development of the mammary gland, as well as in
breast cancer, and may contribute to the molecular
events leading to breast carcinogenesis.3 Estrogen ac-
tion on mammary epithelial cells (MECs) is mediated by
estrogen receptors (ER-� and ER-�), members of the
nuclear receptor superfamily and transcription factors
that regulate expression of estrogen-responsive genes.
Estrogen-dependent cancers account for �60% of all
human breast cancer cases.4 Approximately two-thirds
of breast cancers express the ER gene and synthesize
ER protein.5 Expression of ER-� is a positive prognostic
factor associated with more differentiated and less ag-
gressive tumors that often respond to hormonal thera-
pies.4,6 However, increased expression of ER-� may
stimulate the development of precancerous changes in
the mammary gland that result in cancer initiation.3 It is
hypothesized that ER-� contributes to the carcinogenic
process by increasing cell proliferation through ER-me-
diated signal transduction. This increase in proliferation
leads to increased probability for mutation during DNA
synthesis, accumulation of genetic damage, and stimu-
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lation of the synthesis of growth factors that act on the
MECs.7

The purpose of the current study was to develop a
mouse model that can be used to examine the role ER-�
signaling plays in mammary cancer initiation and pro-
gression. A conditional transgenic mouse model with
dominant gain of ER-� (tetop-ER-�) was characterized
previously.8 To determine the effects of dominant gain of
ER-� on cancer development, the tetop-ER-� transgene
was introduced into the conditional Simian virus 40 T
antigen (TAg) model (MMTV-tTA/tetop-TAg),9 a well-es-
tablished multistep mouse model of salivary carcinogen-
esis with time-dependent reversible and irreversible
stages of dysplasia. Combining these two models re-
sulted in the generation of a novel conditional mouse
model of estrogen-responsive mammary cancer.

Materials and Methods

MMTV-tTA/tetop-TAg/tetop-ER-�
Triple-Transgenic Mice

Conditional transgenic mice with mouse mammary tumor
virus long-terminal repeat (MMTV)-driven expression of a
tetracycline-responsive transactivator (tTA) (tet-off gene
regulation) and tetracycline-responsive promoter (tetop)-
Simian virus 40 large T antigen (TAg) double-transgenic
mice (MMTV-tTA/tetop-TAg)9 were mated to MMTV-tTA
and tet-op-FLAG-tagged mouse estrogen receptor-�
(tetop-ER-�)8 double-transgenic mice to generate triple-
transgenic MMTV-tTA/tetop-TAg/tetop-ER-� (tTA/TAg/
ER-�) mice that demonstrated tet-off regulation of both
the TAg and ER-� transgenes. Mice were identified using
the polymerase chain reaction (PCR) from DNA extracted
from either ear or tail tissue.8–10 Double-transgenic tTA/
TAg mice that did not carry the tetop-ER-� transgene
were used as negative controls.

Observation of Tumor Formation, Development
of Preneoplastic Lesions in the Mammary
Gland, and Animal Care

Development of mammary, submandibular salivary, and
lymphoid tumors was assessed by serial visual inspec-
tion and manual palpation in tTA/TAg/ER-� females (n �
27) and males (n � 40) and tTA/TAg females (n � 10)
and males (n � 11). When palpable tumors reached 1 cm
in diameter or the mice reached 12 months of age, the
mice were euthanized and necropsied to confirm tumor
presence, examine for the presence or absence of me-
tastases, and obtain tissue for histological and biochem-
ical studies. Mammary adenocarcinomas were harvested
from all of the mice that developed mammary adenocar-
cinomas (10 tTA/TAg/ER-� females and 1 tTA/TAg/ER-�
male). Salivary adenocarcinomas were harvested from all
of the mice that developed salivary adenocarcinomas (20
tTA/TAg/ER-� females, 37 tTA/TAg/ER-� males, 4 tTA/
TAg females, and 11 tTA/TAg males). Lymphomas were
harvested from all of the mice that developed lymphomas

(one tTA/TAg/ER-� female, one tTA/TAg/ER-� male, and
four tTA/TAg females). Mammary glands were harvested
from tTA/TAg/ER-� female mice (n � 10 at 4 months, n �
9 at 7 months; and n � 34 at 11 � 0.5 months of age) and
tTA/TAg-negative control female mice (n � 9 at 4 months,
n � 9 at 7 months, and n � 18 at 11 � 0.5 months of age).
The presence of hyperplastic alveolar nodules (HANs)
was determined by mammary gland whole mount analy-
sis in tTA/TAg/ER-� female mice at 4 months of age (n �
9), 7 months of age (n � 9), and 11 � 2 months of age
(n � 28) and in tTA/TAg female mice at 4 months of age
(n � 9), 7 months of age (n � 8), and 11 � 2 months of
age (n � 9). The presence of MEC hyperplasia and
dysplasia were identified by examination of hematoxylin
and eosin (H&E)-stained sections of mammary tissue
from tTA/TAg/ER-� at 4 months of age (n � 8), 7 months
of age (n � 8), and 11 � 2 months of age (n � 25) and
in tTA/TAg female mice at 4 months of age (n � 9), 7
months of age (n � 7), and 11 � 2 months of age (n �
13). All procedures involving animals were performed in
accordance with current federal (National Institutes of
Health Guide for the Care and Use of Laboratory Ani-
mals) and university guidelines and were reviewed and
approved by the Georgetown University Institutional An-
imal Use and Care Committee.

Histological Analyses, Immunohistochemistry,
and Mammary Gland Whole Mounts

Mammary adenocarcinoma specimens were fixed in 10%
buffered formalin overnight at 4°C and embedded in
paraffin using standard techniques. Sections (5 �m) were
cut and stained with H&E and immunohistochemical
analyses. Detection of ER-� protein expression in mam-
mary adenocarcinoma tissue was accomplished using
the Mouse on Mouse (M.O.M) peroxidase kit (PK-2200;
Vector Laboratories, Inc., Burlingame, CA). Tissue sec-
tions were deparaffinized, rehydrated, antigens exposed
with high-pH target retrieval solution (S3307; DAKO,
Carpinteria, CA) and high temperature, quenched with
3% hydrogen peroxide, blocked with mouse IgG-block-
ing reagent, incubated with M.O.M. diluent, exposed to a
1:25 dilution of the mouse monoclonal ER-� antibody
(IM2133; Beckman Coulter Immunotech, Miami, FL) in
M.O.M. diluent for 1 hour and to M.O.M. biotinylated
anti-mouse IgG reagent for 10 minutes at room temper-
ature. The tissues were exposed to M.O.M. elite stain for
30 minutes, then stained with diaminobenzidine peroxi-
dase substrate kit (SK-4100, Vector) for 5 minutes, coun-
terstained with hematoxylin, and mounted with GVA-
mount. Immunohistochemical detection of proliferating
cell nuclear antigen (PCNA) expression was performed
as a relative measurement of cellular proliferation. Briefly,
paraffin-embedded mammary adenocarcinoma tissue
sections were deparaffinized, rehydrated, quenched with
3% hydrogen peroxide, exposed to two drops of the
EPOS PCNA immunostaining system (U7032, DAKO) for
1 hour at room temperature, stained with the diaminoben-
zidine peroxidase substrate kit (Vector) for 5 minutes,
counterstained with hematoxylin, and mounted with glyc-
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erol vinyl alcohol (GVA) mount. One whole no. 4 mam-
mary gland from each animal was dissected and spread
on a glass slide at the time of necropsy for whole mount
analyses. The mammary glands were fixed in Carnoy’s
solution (six parts ethanol, three parts chloroform, and
one part glacial acetic acid) to defat the glands for at
least 1 hour at room temperature, then rehydrated in
successive washes of 70%, 50%, and 30% ethanol,
rinsed in dH2O, and stained with carmine alum (carmine
aluminum sulfate) for 1 to 3 days at 4°C. The stained
mammary glands were then dehydrated in successive
washes of 70%, 95%, and 100% ethanol, transferred to
xylene, and coverslips were mounted with permount
mounting media (Fisher Scientific, Pittsburgh, PA). Digital
photographs of H&E-stained slides, immunohistochemis-
try, and whole mounts were taken using the Nikon Eclipse
E800M microscope setup with Nikon DMX1200 camera
and software (Nikon Instruments, Inc., Melville, NY).

RNA Isolation and Analysis of Transgene
Tetop-ER-� Transgene by Reverse
Transcriptase (RT)-PCR

Mammary adenocarcinoma specimens were snap-frozen
in liquid nitrogen at the time of dissection. Total RNA was
isolated from mammary tissue samples by Trizol extrac-
tion (Invitrogen, Carlsbad, CA), quantified on a spectro-
photometer, and cDNA synthesis performed.8 Total RNA
from HC11 cells transiently transfected with both the
MMTV-tTA and tetop-ER-� expression vectors was used
as a positive control. Expression of endogenous �-actin
mRNA was measured as a control for RNA integrity and
cDNA synthesis. RT-PCR primers and conditions used to
detect expression from the tetop-ER-� transgene and
endogenous �-actin were published previously.8

Protein Extraction, Immunoprecipitation, and
Western Blot Analysis

Frozen mammary adenocarcinoma was homogenized in
protein lysis buffer to extract whole proteins. Protein con-
centration was quantified by BCA protein assay (Pierce,
Rockford, IL). Protein (1100 �g) was immunoprecipitated
using Protein A/G Plus Agarose (sc-2003; Santa Cruz,
Santa Cruz, CA) with 4.9 �g of the anti-FLAG M2 mouse
monoclonal antibody (F3165; Sigma, St. Louis, MO) and
was allowed to proceed overnight at 4°C. The agarose
beads were washed with lysis buffer three times, resus-
pended in Laemmli sample buffer (161-0737; Bio-Rad
Laboratories, Hercules, CA), boiled for 3 minutes, and
spun down. The eluate was fractionated on precast 8%
Tris-glycine gels (EC6015; Invitrogen Life Technologies,
Carlsbad, CA) and transferred onto polyvinylidene diflu-
oride membranes for Western blot analysis. Membranes
were blocked in 4% nonfat dry milk in Tris-buffered saline
and 1% Tween (TBS-T) overnight at 4°C, exposed to a
1:200 dilution of anti-ER-� (MC-20) rabbit polyclonal an-
tibody (sc-542, Santa Cruz) for 1 hour, washed with
TBS-T, and exposed to a 1:2000 dilution of anti-rabbit

secondary antibody (sc-2004, Santa Cruz) for 1 hour at
room temperature. Protein expression was visualized with
the enhanced chemiluminescence plus Western blotting
detection kit (RPN2133; Amersham Biosciences, Piscat-
away, NJ). The membrane was then stripped and re-
probed with a 1:400 dilution of anti-FLAG antibody for 1.5
hours, washed with TBS-T, exposed to a 1:2000 dilution
of mouse secondary antibody (sc-2005, Santa Cruz) for 1
hour at room temperature, and visualized as above. A
salivary adenocarcinoma from a tTA/TAg mouse without
the ER-� transgene was included as a negative control
for the FLAG immunoprecipitation.

ER Steroid-Binding Assay

Lysates were prepared from fresh mammary adenocar-
cinoma (tTA/TAg/ER-�), salivary adenocarcinoma (tTA/
TAg and tTA/TAg/ER-�), and uterus (nontransgenic) by
homogenization in lysis buffer (10 mmol/L Tris, pH 7.4, 1
mmol/L ethylenediaminetetraacetic acid, 500 mmol/L
NaCl, 1 mmol/L dithiothreitol, 10% glycerol) with protease
inhibitors (1 �g/ml leupeptin, 7.7 �g/�l aprotinin, 25 �g/�l
pefabloc, and 0.1 �g/�l pepstatin). The lysates were
cleared by centrifugation at 100,000 � g for 30 minutes.
Protein concentrations were determined by Bradford as-
say and samples of the lysate were incubated overnight
at 4°C with 10 nmol/L of 3H-estradiol in the absence and
presence of 100-fold molar excess unlabeled diethylstil-
bestrol. Binding was assayed using the dextran-coated
charcoal assay as described previously.11 Briefly, dext-
ran-coated charcoal was added to adsorb free hormone
and then pelleted by centrifugation. Aliquots of superna-
tant were removed and counted in 10 ml of liquid scintil-
lation fluid in a liquid scintillation counter (Beckman
Coulter, Inc., Fullerton, CA). Results are expressed as
fmol/l/mg of protein. The mean and SD of duplicate as-
says are shown.

Mammary Adenocarcinoma Explants in
Nude Mice

At the time of necropsy, a portion of the tumor, confirmed
to be undifferentiated mammary adenocarcinoma on ex-
amination of histology on H&E sections, was cut into
1-mm3 pieces for explant into athymic ovariectomized
nude mice. The nude mice (n � 10) were anesthetized by
isofluorane-oxygen inhalation and placed on their backs.
Their flanks were sanitized and a small incision was made
between the nipples of the second and third mammary
gland and a small pocket prepared into which the tumor
pieces were inserted. Explants were placed on both the
left and right sides of the mice (mean tumor burden: two
tumor explants/mouse). After implanting the mammary
adenocarcinoma pieces, half the mice (n � 5) were im-
planted with estradiol pellets (0.72 mg/pellet, 60-day re-
lease) (Innovative Research of America, Sarasota, FL)
subcutaneously into the cervical interscapular space, the
mice were removed from the anesthesia, and observed
until they had recovered. Aseptic technique was used
throughout and all procedures were approved by the
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Georgetown University Institutional Animal Use and Care
Committee. Tumor volume was determined by daily mea-
surement of the length, width, and height of the explanted
tumor for 42 days to determine differences in growth, with
(n � 10 tumors in five mice) and without exogenous
estradiol (n � 9 tumors in five mice). Explant tumor mea-
surements for one of the tumors implanted in a mouse
without exogenous estrogen could not be determined
because the explant did not grow and this site was ex-
cluded from the analysis of tumor growth rates. The ex-
periment was terminated at day 42 because some of the
explanted tumors began to display signs of necrosis,
regardless of treatment condition, at this time point. All
mice were necropsied between day 42 and day 60 after
implantation and explant tumors examined for signs of
necrosis. Tumors with significant degrees of necrosis
demonstrated either a progressive decrease or a stable
volume throughout time.

Statistical Analyses

Means and standard deviations were calculated using
SPSS, version 11.0.0 (SPSS, Inc., Chicago, IL). Pearson
chi-square analyses were performed to compare the
prevalence of mammary hyperplasia, dysplasia, and
HANs at 4, 7, and 11 months of age and the incidence of
mammary adenocarcinomas, salivary adenocarcinomas,
and lymphomas in triple-transgenic tTA/TAg/ER-� and
double-transgenic tTA/TAg mice (SPSS, version 11.0.0).
Student’s t-tests were used to compare tumor explant
volumes in nude mice with and without estradiol treat-
ment (SPSS, version 11.0.0).

Results

Development of Mammary Adenocarcinomas,
Ductal Hyperplasia and Dysplasia, and HANs in
tTA/TAg/ER-� Mice

Undifferentiated mammary adenocarcinomas developed
in 37.0% of tTA/TAg/ER-� female mice with a mean la-
tency of 11 months of age (341 � 16 days) and a mean
tumor burden of one tumor per mouse (4 of 10 tTA/TAg/
ER-� females developed two tumors) (Figure 1, A to D,
and Figure 2). Of the 10 female tTA/TAg/ER-� mice that
developed mammary tumors, 4 developed mammary ad-
enocarcinomas only and 6 developed both mammary
and salivary adenocarcinomas. Infiltration of nonencap-
sulated cancer cells into the surrounding stroma, as well
as collections of small, darkly stained cells consistent
with lymphocytes were found (Figure 1B). Mammary ad-
enocarcinomas also exhibited fibrous stroma (Figure 1C)
and desmoplasia (Figure 1D). All animals were eutha-
nized when the tumor diameter reached 1 cm3. At the
time the mice were euthanized no gross metastasis to the
lung, liver, or other sites was found. No mammary tumors
developed in negative control double-transgenic tTA/TAg
mice (Figure 2).

Preneoplastic changes including HANs (Figure 1E)
and mammary ductal hyperplasia (Figure 1, F and G)
were present. Ductal hyperplasia and dysplasia, identi-
fied by examination of H&E-stained sections, appeared
as early as 4 months of age. The percentage of mice
demonstrating these lesions was significantly higher in
older mice (11 � 0.5 months) as compared to 4 and 7
months of age (4 months, 38%; 7 months, 62%; 11 � 0.5
months, 84%; P � 0.036, chi-square). Similarly, HANs,
identified on mammary gland whole mount analysis, were
also present as early as 4 months of age in a percentage
of the mice (4 months, 11%; 7 months, 22%; 11 � 0.5
months, 32%; P � 0.438, chi-square). Both the histology
and the timing of appearance of these abnormalities at
earlier (4 and 7 months of age) time points than the

Figure 1. tTA/TAg/ER-� mice but not tTA/TAg mice developed mammary
adenocarcinomas, HANs, and mammary hyperplasia. Representative exam-
ples of undifferentiated mammary adenocarcinoma (A–D), HAN (E), and
mammary hyperplasia (F and G). A: Undifferentiated mammary cancer cells
are indicated by white arrows. B: Infiltration of cancer cells (solid arrow-
heads) into adjacent adipose tissue. Asterisks indicate lymphocytes. C:
Cancer cells (white arrows) embedded within a fibrous stroma (open
arrowhead). ˆ, Mitotic figure. D: Cancer cells (white arrows) surrounded
by desmoplasia (open white arrowhead). E: HAN (black arrow) in a
mammary gland whole mount. F and G: Mammary hyperplasia (thin black
arrows) with peri-ductal fibrosis (thick black arrows). H: Normal mam-
mary ductal structure (black arrow) in a negative control tTA/TAg mouse
for comparison to F and G. Original magnifications: �40 (A–C); �20 (D,
F–H); �4 (E).
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adenocarcinomas (11 � 0.5 months) were consistent
with their representation as preneoplastic lesions. Mam-
mary glands from double-transgenic-negative control
tTA/TAg mice demonstrated normal histology (Figure 1H)
and no HANs were found on mammary gland whole
mount analysis.

Mammary adenocarcinomas and mammary ductal tis-
sue from tTA/TAg/ER-� female mice expressed nuclear
localized ER-� protein (Figure 3; A, C, E, and G). ER-�
transgene-specific mRNA (Figure 3I) and protein (Figure
3J) expression in the adenocarcinomas was confirmed
by RT-PCR and immunoprecipitation/Western blot as-
says. PCNA immunohistochemistry was consistent with a
relative increase in proliferative rates in the adenocarci-
nomas (Figure 3; B, D, and F) as compared to the ductal
tissue (Figure 3H) and mitotic figures were identified in
the adenocarcinomas (Figure 1C).

ER steroid-binding functional assays performed on the
adenocarcinoma tissue demonstrated estradiol binding
(Figure 4A). To test if tumor growth was enhanced by
estrogen exposure, explants from mammary adenocarci-
nomas were implanted into athymic ovariectomized nude
mice. Mean tumor explant volume was significantly
greater in the presence of estradiol as compared to ex-
plants without estradiol exposure at day 42 after implan-
tation (P � 0.044, t-test) (Figure 4B). The two explants
exposed to estradiol that showed a decrease in tumor
volume (Figure 4C) and the one nonexposed explant
(Figure 4D) that showed a stable tumor volume at day 42
were found to be necrotic at the time of necropsy.

Impact of ER-�-Dominant Gain on Tumor
Spectrum

The tumor spectrum in the tTA/TAg model was altered
significantly in female but not in male mice by the intro-

duction of ER-� (Figure 2). Only triple-transgenic tTA/
TAg/ER-� mice developed mammary adenocarcinomas.
Significantly fewer tTA/TAg/ER-� females developed lym-
phomas (4%) as compared to tTA/TAg female mice
(40%) (P � 0.014, chi-square). Because the hallmark of
the tTA/TAg mouse model is development of salivary
adenocarcinomas,9 tTA/TAg/ER-� mice were observed
for growth of these tumors. ER-� expression had no effect
on the incidence of salivary adenocarcinoma develop-
ment because the percentages of salivary adenocarci-
nomas in the tTA/TAg/ER-� mice did not differ signifi-

Figure 2. Tumor spectrum is changed in tTA/TAg/ER-� transgenic mice.
Mammary adenocarcinomas developed only in triple-transgenic tTA/TAg/
ER-� mice (females, n � 10; males, n � 1). Significantly fewer triple-
transgenic females develop lymphomas than double-transgenic females (*,
P � 0.014; chi-square test). M & S, development of both mammary and
salivary adenocarcinomas.

Figure 3. Expression of ER-� in tTA/TAg/ER-� mammary adenocarcinomas.
ER-� immunohistochemistry was performed on undifferentiated mammary
adenocarcinomas (A, C, and E) and mammary ductal tissue from tTA/TAg/
ER-� mice (G). PCNA immunohistochemistry was performed on the same
mammary adenocarcinoma (B, D, and F) and ductal tissue (H). Represen-
tative MECs with either nuclear-localized ER-� or PCNA are indicated by
black arrows. I: Expression of the tetop-ER-� transgene (287 bp) in a
mammary adenocarcinoma (lane 4) detected by RT-PCR. Positive control:
HC11 cells transiently transfected with MMTV-tTA and tetop-ER-� expression
vectors (lane 2). �-actin RT-PCR (lanes 1 and 3) was performed as a control
for RNA integrity and cDNA synthesis. �, �-actin; tet-ER-�, tetop-ER-� trans-
gene. J: Detection of FLAG-tagged ER-� protein by immunoprecipitation/West-
ern blotting in the mammary adenocarcinoma shown in A. Anti-FLAG immuno-
precipitation was followed by Western blotting with an anti-ER-� antibody (top
right). The blot was stripped and reprobed with an anti-FLAG antibody (bot-
tom right). Negative control: salivary adenocarcinoma tissue from a tTA/TAg
double-transgenic mouse (left). Original magnifications, �40.
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cantly from the percentage of salivary adenocarcinomas
in the negative control (tTA/TAg) mice.

Discussion

The introduction of ER-� into the tTA/TAg mouse model
exerted tissue-specific effects: the new appearance of
mammary adenocarcinomas, a reduction in the incidence
of lymphomas, and no change in either incidence or devel-
opment of salivary adenocarcinomas. The development of
an estrogen-responsive ER-�-positive conditional trans-
genic mouse model of breast cancer with histology that
resembles human breast adenocarcinomas is novel. Al-
though the adenocarcinomas that develop in some other
transgenic mouse models do contain ER, none described
so far have exhibited any responsiveness to estrogen
stimulation.12 However human breast cancers are pre-
dominantly ER-�-positive and estrogen responsive. In the
future, the conditional tetop-ER-� transgene can be used
in combination with other transgenic mouse models of
mammary cancer to determine the impact of ER-� sig-
naling pathways on mammary cancer initiated by specific
oncogenes such as c-myc,13 ErbB2,14 and WNT.15

Transgenic mice that express ER-� under control of the
highly MEC-specific MMTV-rtTA transgene16 and a pro-
moter that targets to both epithelial and stromal cells17

can be used to investigate the impact of ER-�-dominant
gain in different tissue compartments. The combination of
these models with mammary gland transplant techniques
will enable investigators to isolate local and systemic
effects.18 Other tissue-specific tetracycline-responsive

promoter constructs can be used to target conditional
ER-� expression to other specific tissues.

The decreased incidence of lymphoma in the tTA/TAg/
ER-� female mice is consistent with the role of estrogen
and ER in modulating lymphocyte differentiation, matura-
tion, and function. Estrogen can suppress lymphocyte
mitogenesis through ER-� in B- and T-cell lymphopoiesis
through an ER-�-specific mechanism in the marrow mi-
croenvironment.19–21

In summary, we report the development of a novel
conditional transgenic mouse model of estrogen-respon-
sive mammary adenocarcinoma. Introduction of ER-� ex-
pression into specific tissues using the tetracycline-re-
sponsive system in transgenic mice can be used to study
the effects of dominant gain of ER-� on carcinogenesis in
a specifically targeted organ.
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