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ABSTRACT

Breast cancer is the most prevalent endocrine-related malignancy in women.

• Both endogenous and exogenous estrogen exposure is associated with an increased

breast cancer risk. The main goal of the present research project was to study the 

early morphological changes and expression of PCNA and ER-a during estrogen- 

induced mammary carcinogenesis in the female ACI rats. The presence of ER-a was 

further studied by Western blot analysis.

The ACI rat is an excellent model to study estrogen-induced mammary 

cancer, since treatment of estrogen alone induces a high incidence of mammary gland 

tumors after 5-7 months of treatment. In the present study, ACI female rats were 

treated with estrogen pellets (5 mg of 17-beta estradiol in a 20-mg pellet) for 4 to 8 

months. After 4.5 months of treatment, significant morphological changes were 

observed when compared to age-matched, untreated controls. The mammary glands 

of the treated rats displayed dysplastic lesions, and the mammary gland ductules were 

filled with stratified squamous epithelial cells. Tumors were observed after 6.5 

months of estrogen treatment.

Immunohistochemical studies indicated the presence of numerous cells 

positive for proliferating cell nuclear antigen (PCNA) and for estrogen receptor-a 

(ER). Mammary glands of untreated age-matched rats revealed that most ductule 

epithelial cells had moderate cytoplasmic and nuclear ER staining, while the

£ mammary glands of estrogen-treated displayed increased intensity in nuclei ER

staining.
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Using Western blot analysis, different ER isoforms were observed in mammary gland

samples. Using a specific ER-a antibody (ER-MC20), several bands were identified 

q by SDS-PAGE at ~66, 54, and 50 kDa in the rat uteri, used as a control. The

mammary gland samples from the untreated ACI rat exhibited a protein band at 54 

kDa. Samples of the ACI rat mammary gland tumor showed similar bands to those 

observed in the rat uteri, but exhibited an additional band at 56 kDa. These results

indicate the possibility that different isoforms of the ER-a may play a significant role

in the development of these tumors.
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INTRODUCTION

Since an association has been made between estrogen and breast cancer (BC), 

which is the most prevalent endocrine-related malignancy in women (1), the study of 

estrogen is a topic widely researched. In addition, by the year 2000, there will be 

approximately 50 million women in the U.S. over the age of 50, many of whom are 

candidates for hormone replacement therapy (HRT) (2). The controversy of the risks 

(breast cancer) versus benefits (prevention of osteoporosis and cardiovascular 

disease) of estrogen therapy will continue until further research is completed.

Most of the major risk factors for sporadic BC risk are associated with sex 

hormones. These risk factors include early age at menarche, early age at first 

pregnancy, absence of lactation, nulliparity, late age at menopause, obesity, and HRT. 

Exposure to both endogenous and exogenous estrogen is associated with an increased

breast cancer risk.

In the present study, we selected the female ACI rat as the animal model.

The advantages of this model are the low concentration of estrogen required to induce 

a mammary tumor, the relatively short latency period (six months) with a high tumor 

incidence, and the absence of tumors with viral components. Estrogen receptor (ER) 

analysis is important since the distribution of the receptors is necessary for 

understanding the hormonal effects on the breast. Proliferating cell nuclear antigen 

(PCNA) is a useful marker for the studies of cell kinetics of normal and neoplastic

£ cells.
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The main goal of the present research project was to study the early

morphological changes and expression of PCNA and ER-a during estrogen-induced 

• mammary carcinogenesis in the female ACI rats. The presence of ER-a was further

studied by Western blot analysis.
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LITERATURE REVIEW

Cancer and Cell Proliferation

• Cancer is a tumor of potentially unlimited growth that expands locally by

invasion and systematically by metastasis, destroying normal tissue as it progresses 

and eventually proving fatal. In comparison to normal cells, cancer cells follow their 

own internal agenda for reproduction and are able to migrate from their site of origin 

to invade nearby tissues. According to Weinberg (3), normal cells reproduce only 

when instructed by adjacent cells, which ensures that each tissue maintains the size 

and shape appropriate to the body’s needs. Tumor development begins when a 

normal cell sustains several genetic mutations that increase its ability to proliferate. 

When normal cells reproduce at a faster rate, they do not alter their morphology; 

however, the tissue enters into a hyperplastic stage. The tissue exhibits dysplasia 

when it continues to proliferate excessively, and the cells become morphologically 

abnormal in shape and in orientation. An in situ tumor occurs when tumor cells 

remain between normal cells. Tumor cells are capable of breaking through the tissue

boundaries and establishing themselves in other tissues, forming metastases. This 

process occurs when the malignant cells have acquired genetic changes that allow 

them to invade other tissues by the blood or lymph.

Cell division is essential to the complex process of the genesis of human 

cancer because it increases the risk of genetic errors of various kinds (4). There are

two gene classes that account for much of the uncontrolled cell proliferation seen in

cancer: proto-oncogenes and tumor suppressor genes. When a mutation, 

translocation, or amplification occurs, proto-oncogenes become carcinogenic

I
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oncogenes and create excessive multiplication by forcing normal cells to overproduce 

growth factors (5). Tumor suppressor genes permit cancerous growth when they are

• inactivated by a genetic change. Several mutations in these cell growth-controlling 

genes must occur before the cancerous tumor can develop.

Hormones and Cancer

The complex endocrine system has a spectrum of functions and is involved in 

all aspects of the mammalian body. This system produces hormones, which are a 

major group of signals for intercellular communication. They are involved directly or 

indirectly at the cellular, tissue, and organ levels. Hormones regulate cell growth and 

differentiation, metabolic activity, and the metabolism of both endogenous and 

exogenous substances (6). Since hormones have a wide range of effects on cellular 

processes, it is no surprise that 70% of cancers have a hormonal component. Sex 

hormones play a pervasive role in two of the most common human cancers, prostate

and breast. There are other hormone-associated cancers that are clinically important; 

however, they occur with lower frequencies: testicular, endometrial, ovarian,

cervicovaginal, pituitary, and thyroid cancers (7).

It is believed that hormones cause the processes of tumorgenesis by 

nongenotoxic or epigenetic mechanisms (8). Hormones are considered to be agents 

that do not have direct interaction with genetic material. They are, however, capable 

of bringing about inheritable changes in the structure of genetic material through a 

multi-step process, leading to the appearance of tumors (8). Nongenotoxic
*

carcinogens appear to act solely by increasing cell proliferation (9).
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Hormone production rates are determined by genetic determinants and by 

dietary, lifestyle, stress, and environmental factors (8). Normal endocrine balance

9 depends on the rates of production of hormones interacting in a complex feedback of

a regulatory network. The generation of an imbalance in the hypothalamus/pituitary 

target glands axis brings about overproduction of hormone at a location in the 

endocrine system (8). This hormonal overstimulation will bring about the emergence 

of tumors without administration of exogenous hormones.

There are two hormone mechanisms that play a role in the development of a 

tumor. Hormones influence gene expression/suppression, cell proliferation, 

differentiation, and growth (8). In addition, hormones modify the metabolism of 

chemical carcinogens by generating reactive intermediates (8). Therefore hormones 

can affect virtually all stages of carcinogenesis induced by non-hormone chemical

agents.

The chemical signaling function of hormones is expressed through interaction 

with cellular receptors (8). Amino acid sequences in the receptors provide a high 

specificity of binding, which brings about an allosteric change in conformation of the 

receptor. This change either leads to a cascade of enzymatic reactions or to 

interactions of the hormone-receptor complex with genetic material (8).

There are two major classes of hormone receptors: the steroid receptors and 

the non-steroid receptors, which include amine and protein hormones (8). Steroid 

hormones, which include estrogen and progesterone, have long term effects on their
$

target cells. These receptors located in the nucleus, stimulate cell growth and 

differentiation and regulate synthesis of specific proteins by changing the rate of
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transcription of the gene (8). Steroid hormones regulate different genes in separate 

target cells. The receptors in the target cells are identical; however, different genes

• are regulated (8).

Estrogen and Breast Cancer

Estradiol and estrone, both ovarian hormones, are the major estrogens that are 

circulating in the blood; however, estradiol is the most biologically active hormone in 

breast tissue (10). There is experimental, epidemiological, and clinical evidence that 

breast cancer (BC) risk is influenced by endogenous hormones (11). Risk factors for 

BC are thought to be related to hormones, especially ovarian hormones, suggesting 

hormone receptor activity in breast tissue may be associated with tumor development 

or progression (11, 12).

Hormones influencing normal breast cell proliferation are mediated through 

transcriptional activation of specific sets of genes recognized by their respective 

receptors, and the expression of these receptors is important for understanding the

hormonal effects on the breast (9). Estrogen receptors (ER), proteins that bind to

estradiol with high specificity and affinity, appear to be necessary for responsiveness 

of target tissue to estrogenic stimulation (13). ER exists in normal breast epithelium 

to regulate breast development and are present during puberty and pregnancy (14).

There are unmeasurable levels of ER in adult women, but studies have found that in

50-80% of primary BC, there are measurable levels of ER (14). ER status does not 

appear to be related to the tumor size or stage at diagnosis; however, ER-negative 

tumors have been found to be less differentiated and have higher proliferation rates
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than ER-positive tumors (12). ER status identifies different types of BC rather than 

different stages of disease. Moolgavkar et al. (15) predict that all malignant breast

• tumors are initially ER- positive but lose ability to synthesize estrogen receptor as the

tumor undergoes change and dedifferentiates.

The breast is one of the few organs not completely developed at birth. It 

reaches full differentiation after full-term pregnancy. The breast is composed of 

lobules that consist of many acini within a connective tissue stroma. The lobules

drain into the terminal ductules and then into terminal ducts. There is some elastic

tissue in the duct wall, less in the ductule wall, and none in the lobules. Fifteen to

twenty lobules enter into branching and interconnected ducts. The ducts widen 

beneath the nipple as lactiferous sinuses and then empty as five to nine nipple 

openings. Receptors are found exclusively in the nuclei of ductual and lobular 

epithelial cells and not in the myoepithelial or stroma cells. The receptors are 

characterized in lobules and in terminal duct lobular (TDL) units of the breast (9). 

The majority of breast carcinomas arise in such cells as the TDL units (16).

The source of estrogen is different depending on the menopause status of the 

woman. Premenopausal estrogen is of ovarian origin, and estradiol concentration is 

greater than that of estrone. In postmenopausal women, estrogen is derived from 

aromatization of adrenal androgens to estrone by the enzyme aromatase (11). In 

addition, some of the estrone present is metabolized to estradiol (11). In the 

postmenopausal breast, there is a higher percentage of epithelial cells expressing
»

estrogen receptors than progesterone receptors (17). Studies indicate that breast cell 

division is only induced by estradiol, while progesterone has not been shown to have
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significant mitogenic effects (11). Korenman developed the “Estrogen Window” 

hypothesis, which states that breast tissue is responsive to carcinogenic stimuli, only

• during periods of inadequate progesterone production, such as immediately after

menarche and during the perimenopausal period when anovulatory menstrual cycles 

are more frequent (18). Endogenous natural ovarian hormones, exogenous hormones 

in estrogen replacement therapy and hormonal contraceptives are not genotoxic but

do affect breast cell division rates which is indeed a common denominator in the

pathogenesis of human cancer (9, 19). However, carcinogenic effects of cell division 

are dependent on rate and duration, but the effects of exogenous and endogenous

hormones need to be discussed within context of dose and duration (9).

Animal Models for BC

There are numerous experimental models of hormonal carcinogenesis that 

provide growing evidence that hormone-induced cell proliferation plays a critical role 

in hormone-initiated carcinogenesis (8). Most of these models are a result of the

direct effects of hormones themselves; however, some may involve viral components 

or be stimulated in conjunction with other hormonal factors (7). Studies carried out

65 years ago demonstrated a high frequency of mammary cancer in male mice when 

estrone was administered (7). Mouse follow-up studies revealed that the mammary 

tumors were not caused by sex hormones alone, but in conjunction with a mammary 

tumor virus (7). However in the rat there is no evidence that the induced tumors are 

associated with a virus (7). Mammary tumors have been induced in high incidences 

(54-100%) with natural and synthetic estrogens including chronic estrone (El), 170- 

estradiol (17(5-E2), and diethylstilbestrol (DES), in both male and female Noble,

8



Wistar, Long-Evans, and ACI rats after 5.0-10.0 months of continuous estrogen 

treatment (7).

The ACI Rat

In our study, we utilized the female ACI rat tumor model. This model was 

selected for many reasons, in addition to mimicking the similar processes that occur 

in human BC. To induce a mammary tumor, a low concentration of estrogen is 

required. The serum level of a female ACI rat in estrus is about 75-80 pg/ml, and the 

dose required to sustain a high incidence of tumors is only twice the amount of estrus 

levels (7). These levels are similar to the amounts measured during pregnancy in this 

species (7). The ACI rat also has a relatively short latency period (six months) with a 

high tumor incidence, and an absence of tumors with viral components (8). Eighty- 

five percent of the mammary gland tumors in the ACI rat are estrogen-dependent, 

similar to those in post-menopausal women (8). The research also included study of 

Sprague-Dawley (SD) rats, which are less sensitive to estradiol and are used as a 

control when compared to the ACI model.

9



MATERIALS AND METHODS

Young female ACI rats, purchased from Harlan Sprague-Dawley, were

• housed in animal facilities at University of Kansas Medical Center, certified by the 

American Association for the Accreditation of Laboratory Animal Care. They were 

acclimated for at least one week prior to use, maintained on a 12-h light: 12-h dark 

cycle, and fed certified rodent chow (Ralston-Purina 5002) and tap water ad libitum. 

The animal studies were carried out in adherence to the guidelines established in the 

Guide for the Care and Use of Laboratory Animals, U.S. Department of Health and 

Human Resources (NIH 1985). When the rats attained a body weight of about 120 g 

(approximately 12 weeks old), pure hormone pellets (20.2 ± 0.4 mg) prepared without 

binder by Hormone Pellet Press (Leawood, KS) were subpannicularly implanted in 

the shoulder region. The rats were randomized into the following treatments for 2, 4,

6, and 8 months: 1) Age-matched, untreated controls; 2) 17-|3 estradiol (E2), 5 mg in a

20-mg pellet; 3) Diethylstilbestrol (DES), 7.5 mg in a 20-mg pellet. To maintain 

constant levels of the hormones during treatment, replacement pellets were implanted 

every 3.0 months. All the animals were subjected to macroscopic pathological 

examination when terminated or at autopsy, and the presence of mammary tumors 

was recorded. The abdominal inguinal mammary glands and the tumors were quickly 

removed. Portions of these tissues were immediately frozen in liquid nitrogen and

stored at -80°C, while others were fixed in 10% buffered formalin, followed by a

* rapid paraffin-embedding process. The uterus of each rat was also collected for 

histological examination. In addition, it was used as a positive control for Western 

blot analysis and ER immunohistochemistry, and was processed in the same manner
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as the mammary gland samples.

Histological and Immunohistochemical Analyses

• Mammary gland sections (5-6 pm) were prepared from paraffin-embedded

blocks and stained with hematoxylin and eosin. Two pathologists examined all the 

sections and reach a consensus. For immunohistochemical staining, the primary 

antibody for estrogen receptor was rabbit polyclonal and for PCNA, a mouse 

monoclonal antibody was used. The peroxidase-anti-peroxidase (PAP) method was 

used for both staining techniques. Briefly, sections were dewaxed and treated with 

3% H2O2 for 15 min to block endogenous peroxidases. Antigens for estrogen receptor 

(ER) and PCNA were retrieved by heating in a microwave oven in 50 mM citrate 

buffer, pH 6.0, after boiling for 15-20 min. After blocking with 6% normal goat or 

pig serum in 1% bovine serum albumin, the primary antibody was applied to the 

sections for 2 h at room temperature. When performing the PAP method for estrogen 

receptor analysis, a goat-anti-rabbit antibody was applied for 1 h after the primary 

antibody, followed by one-hour incubation with a rabbit PAP (Sigma Chemical 

Company, St. Louis, MO). When analyzing for PCNA, a goat-anti-mouse antibody 

was applied for 1 h after the primary antibody, followed by one-hour incubation with 

a mouse PAP (Sigma Chemical Company, St. Louis, MO). Signals were visualized 

by color development with diaminobenzidine (DAB) and H2O2. To control staining 

specificity, normal rabbit or mouse IgG was used to replace the primary antibody on 

one serial section. The primary antibody was polyclonal MC20 raised against the last
t

20 amino-acids of rat ER C-terminal and its blocking peptide (Santa Cruz
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Biotechnology, Inc., Santa Cruz, CA).

Western Blot Analysis

# Multiple samples of equal amounts of mammary gland or tumor tissue were

pooled from two or three individual animals. The pooled samples from each group 

were homogenized with a Polytron in a lysate buffer containing 50 mM Tris-HCl, pH 

7.4, 0.2 M NaCl, 2 mM EDTA, 0.5% NP-40, 50 mM NaF, 0.5 mM Na Orthovandate,

20mM sodium pyrophosphate, 1 mM phenylmethylsulfonyl fluoride, 10 pg/ml

aprotinin, 10 pg/ml leupeptin, and 1 mM dithiothreitol. The tissue lysate was

transferred to a B-type glass homogenizer, homogenized again, and centrifuged at

12,000 rpm for 20 min at 4°C. The supernatant was collected, and its protein content

measured with BCA reagents (Pierce, Rockford, IL). Protein aliquots (100 pg) were

electrofractionated by SDS-PAGE. Equal loading was determined by staining the gel 

with Coomassie blue. The proteins were transferred onto nitrocellulose membranes 

and probed with primary antibody for 3 h at room temperature, followed by 

incubation with peroxidase-conjugated second antibody for 1-2 h. The signals were 

visualized and amplified by ECL Western blot detection reagents (Amersham Life 

Science, Arlington Heights, IL). The primary antibodies were the same as those used 

for immunohistochemistry.
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RESULTS

Hormone-Induced Histological Changes and Tumor Formation

• Analysis of the standard hematoxylin and eosin stained tissue indicated a

significant change in both proliferation and differentiation between the untreated and 

DES-treated animals. In all of the sections, low background staining was seen.

The normal mammary gland of untreated ACI rats consisted of terminal end 

ducts surrounded by adipose tissue. (Figure 1). The ductule consisted of simple 

cuboidal epithelium with a defined lumen. No benign or malignant lesions were 

found in the mammary tumors of any untreated animals.

After 4.0 months of a constant DES treatment, dysplastic lesions were visible 

(Figure 2). The expanded ductules were filled with stratified squamous epithelial 

cells. A tumor developed after a 6.5-month treatment of DES. In the tumor, the 

atypical proliferations of ductal epithelium eventually fill and plug the ducts with 

neoplastic cells (Figures 3, 10).

Immunohistochemical Analysis

Conventional biochemical assays are not well suited for characteristics of 

estrogen in normal breast tissue because there are low numbers of epithelial cells, 

thus giving a false negative result (9). However, immunohistochemical localization 

with polyclonal estrogen receptor antibodies are well suited. Immunohistochemical 

staining for ER (ER-MC20 antibody) in mammary glands of all untreated animals 

revealed that most ductual epithelial cells had moderate cytoplasmic and nuclear ER 

staining (Figure 4). In contrast, mammary glands treated with DES for 6.4 months, 

had numerous hyperplastic ductual epithelial cells that displayed increased

13





Figure 1. Normal mammary gland from untreated ACI rat. 
Mammary gland consists of adipose tissue, terminal ducts, 
ductules, and acini (x200).

Figure 2. 4.0-month DES-treated mammary gland. Note 
two dysplastic lesions (arrows) (x400).

*
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intensity in nuclear ER staining (Figure 5). The same result proved to be true to the 

mammary gland tumor which showed strong staining (Figure 6). ACI rat uterus 

samples were also stained and used as a positive control for ER staining. To 

demonstrate that the staining results were specific for the ER-MC20 peptide, the ER 

antibody was neutralized by incubation with the ER-MC20 blocking peptide prior to 

the staining procedure. No positive ER staining was observed when the blocking 

peptide was applied.

Markers of cell proliferation are an essential prerequisite for studies of the cell 

kinetics of normal and neoplastic cells (20). Proliferating cell nuclear antigen 

(PCNA) is a nuclear protein which has been demonstrated to be a cofactor for DNA 

polymerase 8 and is essential for the synthesis of DNA during the S-phase of cell

division (20). Levels of PCNA mRNA are low and then rise when the cells are 

stimulated to proliferate by addition of grow factors or serum (20). There was little 

PCNA staining of the mammary glands in the untreated rats (Figure 7). However, 

evidence of PCNA increased remarkably in the DES-treated rats as seen in the 

dysplastic lesion of the mammary gland and in the tumor (Figures 8, 9).

All treated ACI rats developed estrogen induced tumors (Figure 10).
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Western Blot Analysis

Western blot analysis, using the ER-MC20 antibody, identified several bands 

f by reducing SDS-PAGE at ~ 66, 54, and 50 kDa in rat uteri (UD), used as a positive

control (Figure 11). The mammary gland samples from the untreated ACI rat (MGC) 

exhibited a protein band at 54 kDa. The mammary gland tumor (MGT) of the ACI

rat showed similar bands with the rat uteri but also exhibited an additional band at 56

kDa.
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Figure 3. Mammary gland tumor (arrows) from a 6.0-month 
DES-treated rat (x400).

Figure 4. Estrogen receptor staining in normal mammary 
gland from an untreated ACI rat. Most epithelial cells in 
the terminal ducts exhibit weak ER nuclear staining (x200).
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Figure 5. Estrogen receptor staining of 4.0-month DES- 
treated mammary gland. Note the epithelial cells of the 
dysplastic lesion show strong ER nuclear staining (x400).

Figure 6. Estrogen receptor staining of an mammary gland 
tumor from a 6.0-month DES-treated ACI rat. Note the 
presence of ER staining in the nucleus of the tumor cells

• and not in the myoepithelial cells (x400).
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Figure7. PCNA staining of mammary gland from an 
untreated ACI rat (x200).

treated ACI rat. Notice the nuclear PCNA staining of the 
dysplastic tumor (x400).
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Figure 9. PCNA staining of mammary gland tumor in a 6.0- 
month DES-treated ACI rat (x400).
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(arrow).

Figure 11. Western Blot analysis of estrogen receptor 
isoforms present in mammary glands of DES- or estradiol- 
treated ACI rats.
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DISCUSSION

Estrogen induction of malignant mammary tumors in male and female Noble 

f rats is well established and was demonstrated over 50 years ago in a study by Noble

(23). Estradiol and estrone, both ovarian hormones, are the major estrogens that are

circulating in the blood, influencing normal breast cell proliferation and playing a 

critical role in tumor development.

Results presented here indicate that in the female ACI rat induction of 

mammary tumors by estrogen increased the incidence of tumors to 100%. Tissue 

localization and protein expression of steroid hormone receptors were examined by 

immunohistochemical and Western blot analysis to try to investigate whether 

administration of estrogen could induce mammary gland tumors in the ACI rat.

There is sufficient evidence from studies, using several animal models, that 

clearly demonstrate that hormone-induced cell proliferation plays a critical role in 

hormone-initiated carcinogenesis (22). A study by Holland (23) demonstrated that 

estrone exposure can induce both cell differentiation and proliferation in vivo. This is 

consistent with the results in our experiment that, after 6.5 months of DES treatment, 

there were morphological changes and an increase in proliferation in the mammary 

glands.

A literature review indicates that Western blot analyses have thus far not been 

reported for murine mammary gland steroid receptor proteins (1). Most of the ER

protein isoforms have been attributed to proteolytic cleavage or phosphorylation. The
f

functional significance of ER isoforms is unknown; however, their presence suggests 

the possibility that they may differentially affect signaling mechanism and gene
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activities within target cells. Therefore, it is possible that the 66 kDa ER isoform 

observed in the DES-treated mammary gland (MGD) and mammary gland tumor

Q (MGT) of the ACI rat may mediate higher cell proliferation rates of mammary cells

that are stimulated by estrogen.

Estrogen has been shown to act as a mammary carcinogen; however, the 

mechanism(s) by which estrogen converts normal mammary epithelial cells into

transformed cells is not clear (23). Further studies will be required to determine the 

mechanism of estrogen’s role in transforming cells.
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APPENDIX

Figure 1. Normal mammary gland from untreated ACI rat. Mammary gland 
consists of adipose tissue, terminal ducts, ductules, and acini (x200).
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Figure 2. 4.0-month DES-treated mammary gland. Note two dysplastic lesions 
(arrows) (x400).

f

Figure 3. Mammary gland tumor (arrows) from a 6.0-month DES-treated rat 
(x400).
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Figure 4. Estrogen receptor staining in normal mammary gland from an 
untreated ACI rat. Most epithelial cells in the terminal ducts exhibit weak ER 
nuclear staining (x200).

Figure 5. Estrogen receptor staining of 4.0-month DES-treated mammary 
gland. Note the epithelial cells of the dysplastic lesion show strong ER nuclear 
staining (x400).
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Figure 6. Estrogen receptor staining of an mammary gland tumor from a 6.0- 
month DES-treated ACI rat. Note the presence of ER staining in the nucleus of 
the tumor cells and not in the myoepithelial cells (x400).

*

Figure7. PCNA staining of mammary gland from an untreated ACI rat (x200).

29



Figure 8. PCNA of mammary gland from a 4-month DES-treated ACI rat. 
Notice the nuclear PCNA staining of the dysplastic tumor (x400).
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Figure 9. PCNA staining of mammary gland tumor in a 6.0-month DES-treated 
ACI rat (x400).
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Figure 10. Tumors induced from a DES treated ACI rat (arrow).

Figure 11. Western Blot analysis of estrogen receptor isoforms present in 
mammary glands of DES- or estradiol-treated ACI rats.
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