


STELLINGEN

Beperking van de indeling van rattemammatumoren tot slechts
twee categorieën, m.n. fibroadenomen en carcinomen, levert een
besparing die gering is in vergelijking tot de totale investering
in langlopend mammacarcinogeneseonderzoek bij ratten en
vermindert in sterke mate de waarde van dergelijk onderzoek
voor het inzicht in de pathogenese.

Op grond van het synergisme tussen oestrogeen en straling in
mammacarcinogenese bij de rat, lijkt een epidemiologisch
onderzoek naar een mogelijk hoger risico voor borstkanker
t .g .v . een dergelijk synergisme Dij de vrouw ten sterkste aan te
bevelen.

De epidemiologische en proefdiermodelgegevens zijn op dit noment
onvoldoende om over te gaan tot verhoging van de kwaliteits-
factor van neutronen, zoals bijvoorbeeld door Rossi en Mays is
voorgesteld.

Rossi, H.H. en Mays, C.W. (1978), Health Physics 34: 353-360.

Veel van de conclusies van onderzoek naar de invloed van
voedselrestrictie op de maximale levensduur bij knaagdieren zijn
aanvechtbaar gezien de spreiding van dit "end point" bij
verouderingscohort studies.

Hollander, C.F. et al., Mech. Ageing Dev., (in press).



Benigne monoclonale gammopathie is geen premaligne stadium van

multipele myeloom.

De klaring van intraveneus geinjecteerde colloïden, de zgn. "RES
clearance test", geschiedt in de lever voor een belangrijk deel
door cellen die niet behoren tot het door van Furth omschreven
mononucléaire fagocyten systeem.

Praaning-van Dalen, D.P. (1983) Proefschrift, Universiteit
Utrecht;
van Furth, R. et al. (1975) In: Mononuclear Phagocytes in
Immunity, Infection and Pathology, (van Furth, R. ed.), Ch. 1,
pp.1-15. Blackwell Scientific Pubi., Oxford.

Het verdient aanbeveling bij gedissemineerde maligniteiten die
vaak gepaard gaan met destructieve botafwijkingen profylactisch
gebruik van bifosfonaten te overwegen.
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De longproblemen optredend bij beenmergtransplantatie patiënten
na voorafgaande chemoradiotherapie zijn in het algemeen niet een
direct gevolg van het conditioneringsregime.

Weichselbaum en Little concluderen dat jri vitro exponentieel
groeiende cellen afgeleid van menselijke tumoren, geen grote
verschillen in intrinsieke stralingsgevoeligheid vertonen. Het valt
te betreuren dat deze auteurs geen kennis hebben genomen van
experimenteel en klinisch tumoronderzoek uitgevoerd in
Nederland.

Weichselbaum, rt.R. en Little, J.B. (1983) In! Biological
Basis and Clinical Implication of Tumor Radioresistance.
(Fletcher, C.H., Nervi, C. and Withers, H.R., eds.), Ch.4,
pp. 19-23, Masson Pubi.USA, Inc., New York.
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Een sterftestatistiek berustend op opgegeven primaire doods-
oorzaken is onbetrouwbaar, miskent de betekenis van multipele
pathologische afwijkingen bij ouderen en vormt een onvoldoende
basis voor gezondheidszorgbeleid.

Steffelaar, J.W. (1983) Ned.T.Geneesk., 127: 112-115.
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Proefschriften en telefoongidsen dienen i.v.in. het ouder-
wordende oog niet klein gedrukt te worden.

Stellingen behorend bij het proefschrift "The Rat
as Animal Model in Breast Cancer Research - A
Histopathological Study of Radiation- and hormone-
Induced Rat Mammary Tumors".

M.J. van Zwieten, Utrecht, 24 januari 1984.



THE RAT AS ANIMAL MODEL IN BREAST CANCER RESEARCH



THE RAT AS ANIMAL MODEL
IN BREAST CANCER RESEARCH

A HISTOPATHOLOGICAL STUDY OF RADIATION-
AND HORMONE-INDUCED RAT MAMMARY TUMORS

DE RAT ALS DIERMODEL
VOOR ONDERZOEK NAAR BORSTKANKER

(MET EEN SAMENVATTING IN HET NEDERLANDS)

PROEFSCHRIFT
TER VERKRIJG1NG VAN DE GRAAD VAN DOCTOR

IN DE GENEESKUNDE

AAN DE RIJKSUNIVERSITE1T TE UTRECHT,

OP GEZAG VAN DE RECTOR MAGNIFICUS PROF. DR. O.J. DE JONG,

VOLGENS BESLUIT VAN HET COLLEGE VAN DECANEN

IN HET OPENBAAR TE VERDEDIGEN OP DINSDAG 24 JANUAR1 1984

DES NAMIDDAGS TE 2 .30 UUR

DOOR

MATTHEW JACOBUS VAN ZWIETEN
geboren op 6 april 1945 te Zeist

1984 MARTINUS NIJHOFF PUBLISHERS



Promotor: Prof. Dr. C.F. Hollander



Promotor: Prof. Dr. C.F. Hollander

To: The Rat as Animal Model in Breast Cancer Research
By: Matthew J. van Zwieten

Errata

In Table 5-1 on the pages 136 and 137 the explanatory
note i- missing. The text should read:

a No. of neoplasms (percent of all neoplasms)

On page 259 is missing:

A 11 BN/Bi Rij + E2 X RAYS

In the Contents:
Curriculum vitae starts on page 301



TABLE OF CONTENTS

Chapter 1

Chapter 2

Introduction
1.1
1.2

Breast Cancer - An Overview
Purpose of the Study

Animals and Experimental Methodology
2.1
2.2
2.3

2.4
2.5
2.6
2.7
2.8
2.9
2.10

Rationale for Choice of Rat Strains
Origin of the Rats
Selected Biological Characteristics of
the Rats
2.3.1 Growth Curves
2.3.2 Breeding Data
2.3.3 Selected Immunogenetic Data
Husbandry Conditions
Irradiation
Hormone Administration
Castration
Clinical Examination
Necropsy Procedures
Statistical Evaluation

1
1
7

11

11
12
13

19
20
23
24
24
26
27

Chapter 3 Effects o f I r rad ia t ion and Hormone Admin is t ra t ion

on Mammary Tumor Incidence

3.1 Introduction
3.2 Experimental Data
3.3 Crude Mammary Tumor Incidence Results
3.1 Dose-Effect Relationships
3.5 Conclusions

29

29
33
35
46
51

Chapter 4 Normal Anatomy and Pathology of the Rat 53

Mammary Gland

4.1 The Normal Mammary Gland 53
4.1.1 Anatomic Considerations
4.1.2 Histoiogical Structure
4.1.3 Development

4.2 Pathological Changes - A Classification 65
4.3 Nonneoplastic Lesions 68
4.4 Neoplastic Lesions 74

4.4.1 Benign Mammary Tumors
4.4.2 Malignant Mammary Tumors

4.5 Histogenesis and Interrelationships 114
of Certain Mammary Gland Lesions

4.6 Discussion 120
4.6.1 Histoiogical Types of Rat

Mammary Neoplasms
4.6.2 "Malignancy" of the Rat

Mammary Carcinoma



Chapter 5 Cor re la t ion of Mammary Tumor Histo logy 135

wi th Exper imental Procedures

5.1 Introduction 135
5.2 Tumor Types and Treatment Relationships 138
5.3 Topographical Distr ibut ion of 152

Mammary Tumors
5.4 Discussion 155

Chapter 6 Lesions of the P i tu i ta ry Gland and Liver 159

6.1 Introduction 159
6.2 Pituitary Gland 160

6.2.1 Background Remarks
6.2.2 Morphological Aspects
6.2.3 Effect of Irradiation and/or

Estrogen Administration on
Pituitary Tumor Incidence

6.2.4 Interrelationships Between
Pituitary Tumors, Plasma Prolactin
Levels and A4ammary Tumors

6.2.5 Discussion
6.3 Liver 182

6.3.1 Background Remarks
6.3.2 Morphological Aspects
6.3.3 Results
6.3.4 Discussion

Chapter 7 GeneraI IDiscussion, Including a Brief Review
of Animal
7.1
7.2

Summary

Acknowledgments

Appendix

References

Subject Index

Samenvatting

Curriculum Vitae

Models in Breast Cancer Research
Synthesis
Brief Review of Animal Models in
Breast Cancer Research
7.2.1 Definition of an Animal Model
7.2.2 The Rat
7.2.3 The Mouse
7.2.4 The Dog
7.2.5 The Cat
7.2.6 Nonhuman Primates
7.2.7 Other Species
7.2.8 Conclusions

199

199
206

225

231

233

269

289

295

296



CHAPTER 1

INTRODUCTION

1.1 Breast Cancer - An Overview

Despite considerable medical and scientific advances in the treatment

and early detection of breast cance- over the last several decades, it is

stili the most common cancer to aff l ict women in Western countries, and the

second most common cancer of women in much of the rest of the world

(Cole, 1980). Breast cancer mortality rates are highest in countries of

northern and western Europe ana North America, with age-adjusted death

rates from 27 to 34 per 100,000 women per year (Am. Cancer S o c , 19811.

Countries of South-East Asia, Africa and Latin America have the lowest

breast cancer mortality rates (5 and less per 100,000 women per year) , j n d

the death rate in countries of southern and eastern Europe assumes an

intermediate position. It was predicted that in 1982, 112,000 new cases of

breast cancer would be diagnosed in the United States alone, and that there

would be 37,000 deaths due to breast cancer dur ing the same year (Am.

Cancer S o c , 1981). In the Netherlands, which is a country with one of the

highest breast cancer death rates, (31.5 per 100,000 women per year) ,

2,822 women diec as a result of this disease* in 1981 (CBS, 1981). In the

United States, breast cancer is the cause of death for one f i f th of women

dying from malignant neoplasms (Si lverberg, 1979), and it is estimated that

1 out of 11 women will contract the disease in her lifetime ( A n . Cancer

S o c , 1981).

* Breast cancer is for convenience referred to as "a disease", when it, in fact, encompasses a
heterogeneous group of diseases, each with its own specific morphological and biological
characteristics. The same applies to the use of "breast cancer", which generally connotes
all maliqnant neoplasms of the breast.



Moreover, there is evidence that the incidence of this disease

continues to rise, but because survival rates have shown evidence of

improving, especially in the last decade (Smart, 1981), the death rate has

remained relatively constant over the last 40 years (Silverberg, 1979). In

view of these impressive statistics, and taking into account its importance

on an international scale, it is not surprising that such enormous efforts

have been expended to understand more about the cause, cure and preven-

tion of this dreaded disease.

As alluded to above, one of the more encouraging developments very

recently is the apparent decrease in the breast cancer mortality rate

resulting in slowly increasing 5- and.10-year survival rates (Carlile, 19811.

Improvement in the 5-year survival rate from 65% to 731 between 1969 and

1979 for all stages of breast cancer has recently been reported (Smart,

1981). Such positive trends are the results of significant advances in a

number of areas currently under intensive investigation. Many such areas

deserve mention; only a few will be noted here: changing concepts in

surgical management, including less radical operative procedures coupled

with more aggressive radiotherapy (Chu et a l . , 1980; Fisher, 1980); a

better understanding of hormone receptors in tumors facilitating appropriate

endocrine therapy, coupled with the use of the recently developed

antihormone preparations (Henderson and Canellos, 1980,a,b); and the

development of new chemotherapeutic agents and regimens including

combination chemotherapy with and without other forms of treatment

(Henderson and Canellos, 1980,a,b). Considerable progress is also

attributed to earlier breast cancer detection by several nethods, such as

physical examination, breast self-examination and mammography (Carlile,

1981). The improved survival is correlated with an increase in the

percentage of localized breast cancer cases, the smaller size of the cancers

when detected, and the lower frequency of cases with lymph node

metastases (Baker, 1982).

The cause of breast cancer is still unknown. Over the years, a

number of factors have been identified which may play a role in the etiology

of breast cancer, or which are associated with an increased risk of breast

cancer development. The list of risk factors has been considerably refined

and expanded in recent years, and includes endogenous and exogenous

factors, which often are not clearly separable. The so-called endogenous

risk factors include such genetic and endocrinological determinants as family



history of breast cancer, previous benign breast disease, early menarche

(prior to age 12), late menopause (after age 55), nulliparity, and first

birth after age 30 (first child before age 20 and artificial early menopause

appear to be protective), (Carlile, 1981; Cole, 1980; Miller and Bulbrook,

1980; Roe, 1979, Trapido, 1983). These factors vary in their relative

contributions to determining risks, and due to their complex nature,

considerable overlap exists between them.

Of the so-called exogenous risk factors, no evidence has yet been

found to support a role for viruses or chemical carcinogens in the causation

of human breast cancer (Cole, 1980). On the other hand, substantial

epidemiological evidence is beiny obtained to implicate diet as a risk factor,

specifically the total level of dietary fat (Carroll, 1981; Miller, 1981) and to

a lesser extent, total animal protein consumption (Gray et a l . , 1979). Some

investigators regard the evidence overwhelming that dietary fat is a major

environmental factor in the development of breast cancer, and suggest that

clinicai dietary trials be instituted at the present time (Wynder, 1980).

Determinants which apparently result from an interplay between endogenous

(genetic and endocrinological) and exogenous (diet) risk factors, namely,

body weight and height, also appear to influence breast cancer incidence,

especially in post-menopausal patients (De Waard et a l . , 1977).

Of all exogenous risk factors, ionizing radiation is probably the most

widely studied human carcinogen. Furthermore, it has been concluded that

the human breast is more sensitive to cancer induction by ionizing radiation

than any other human tissue (Mole, 1978). A linear relationship between

radiation dose and development of breast cancer has been repeatedly shown

for doses larger than 0.5 Cy in studies of groups of irradiated women,

including atomic bomb survivors, mastitis patients, tuberculosis fluoroscopy

patients and others ( Baral et a l . , 1977; BEIR, 1980; Boice, 1981;

Tokunaga et a l . , 1979). Considerable controversy exists currently about the

shape of the dose-response curve, and whether low levels of irradiation are

equally capable of inducing breast cancer (BEIR, 1980; Boice et a l . , 1979;

Land, 1980; Land et a l . , 1980). This question is of prime importance in

setting radiological protection standards as well as in determining possible

risks of mammography. Realizing the technically feasible mid-breast

absorbed doses of less than 0.001 Cy per exposure claimed by many

radiologists is, according to some (Bureau of Radiological Health, 1977;

Segaloff, 1979), only rarely achieved in most settings. Careful dosimetry



using appropriate phantoms is essential and is currently beginning to

receive more attention (Zuur et a l . , 1983). It is also clear from the

epidemiological studies on groups of irradiated women that the age at the

time of irradiation is of importance in determining the risk of developing

bre&st cancer, with irradiation between the ages of 10 and 20 carrying the

highest risks. To provide the type of information on dose-effect

relationships and effects of different types of irradiation on the intact body

not available from human epidemiological studies, animal studies are

essential. These can, in addition, provide important data for refining risk

estimates developed from human epidemiology.

The other important risk factors in this group which have been

examined extensively are the exogenous hormones. For the most part,

epidemiological studies have failed to demonstrate an increased risk of

breast cancer resulting from oral contraceptive use (Miller and Bulbrook,

1980) and, in fact, some studies point to a slight protective effect due to a

"pill"-related decreased incidence of benign breast disease. Other

investigators guardedly suggest that there may well be a relation between

oral contraceptive use and breast cancer risk in certain age groups (Jick et

a l . , 19C0). Most investigators agree that this area deserves close scrutiny

in the years to come based on the fact that the oral contraceptives have

been in widespread use only since 1960, taking into account that possible

increased risks for breast cancer may become apparent after latency periods

of 15 to 20 years or more. A confounding element in these epidemiological

studies is that the make-up of oral contraceptives has changed considerably

over the years in terms of the total amount of estrogen, as well as in the

ratio of estrogens to progestins. Cohorts of women using the newer low

dose preparations will have to be analyzed in addition to those exposed to

the "older" compounds. The question of increased risk of breast cancer

following the use of replacement estrogens during the menopause has also

not been settled (Brinton et a l . , 1981; Hoover et a l . , 1976; Kelsey et a l . ,

1981). Currently, prolonged use of noncontraceptive estrogens, especially

in high doses, is being discouraged and a careful evaluation of risk-benefit

factors is advocated (Hoover et a l . , 1981; Miller and Bulbrook, 1980).

Another important question that has received relatively little attention

to date is whether possible interactions exist between exogenous estrogens

and radiation. This would seem to be an important area for future

epidemiological studies because it is likely that an increasing number of



women now receiving exogenous estrogens will be exposed to radiation from

diagnostic, therapeutic and industrial sources.

The number and diversity of the risk factors identified as being

related to breast cancer development are indicative of the complexity of this

disease. While the identification of risk factors is essential for an

understanding of the etiology (or etiologies) of breast cancer, it is clear

that by their nature most of these factors will not be directly amenable to

modulation so as to effect a significant reduction in breast cancer incidence

in the near future. Thus, the greatest strides in human breast cancer

research have come in the areas of early detection and treatment. Studies

on tha mechanisms of carcinogenesis, essential for a rational approach to

prevention, must still be done in animals. Despite the limitations inherent in

the extrapolation of animal data to the human situation, the absence of

appropriate human data dictates that animal studies must be performed to

make judgments on factors which could influence the occurrence of the

disease in man.

One of the most fundamental problems in the overall management of

breast cancer is how to minimize or deal effectively with metastatic disease.

The primary breast tumor is often controlled adequately by current surgical

techniques or by combined surgery, radiotherapy and chemotherapy

regimens, but a large proportion of patients ultimately develop distant

metastases which cannot be prevented nor often adequately controlled.

Approximately 50% of breast cancer patients have regional or distant

metastases by the time of initial diagnosis, and a proportion (approximately

25%) of the remaining group of patients clinically diagnosed as having

localized disease are found to have nodal involvement upon careful

histological examination (Fisher et a l . , 1978; Schwartz et a l . , 1980).

In addition to histological type and tumor size, the degree of axillary

lymph node involvement is used as a prognostic indicator for long term

survival. Patients in whom these regional nodes are found to be free of

metastases have a 5-year survival rate of about 80% which drops to about

50% in those with one to three positive nodes, and to about 20% in those

with four or more positive nodes. The five most common sites of distant

metastases, excluding lymph nodes, are, in decreasing order of frequency,

skeleton (70%), lung (66%), liver (61%), adrenals (38%) and central nervous

system (25%)(Viadana et a l . , 1973). Mean survival of patients in whom

distant metastases are detected at the time of initial diagnosis is generally



poor, ranging from 17 months for patients with nonregional lymph node,

skin or contralateral breast metastases, to less than 6 months for those with

liver or central nervous system metastases (van de Velde, 1981).

Although, as mentioned previously, one of the major results of early

detection methods is a trend towards identifying increasing numbers of

patients with localized breast cancer and fewer cases with nodal

involvement, effective control of breast cancer metastasis remains the main

obstacle to significantly improved cure rates. To study properly the biology

of the metastatic process, including the role of host immunologic factors,

and to test the efficacy of treatment regimens on established metastases,

appropriate animal models are sorely needed (Brennan, 1977).

In addition to clinical staging [ i .e. tumor size, axillary lymph node

involvement and distant metastases), the histological characteristics of the

primary tumor still provide one of the best available methods for assessing

the prognosis and determining subsequent treatment. The most commonly

used classifications of human breast cancers are those which are based on

topographic histogenetic criteria since these appear to be of greatest

prognostic significance (Azzopardi, 1979; van Bogaert and Maldague, 1978;

Fisher et a l . , 1975a; Wellings et a l . , 1975). The histological types of breast

cancer associated with a relatively good prognosis are the noninvasive

ductal and lobular carcinomas (ductal carcinoma in situ and lobular

carcinoma in situ) which together account for 5 to 10% of all breast

carcinomas. Carcinomas with the poorest prognosis are the invasive ductal

carcinoma (75 to 80% of all breast carcinomas) and the invasive lobular

carcinoma (5 to 10% of breast carcinomas). Those with intermediate

prognoses include colloid carcinoma, medullary carcinoma and tubular

carcinoma (special types of invasive duct carcinoma) which collectively

(along with several other types not mentioned here) account for 5 to 10% of

all breast carcinomas (McDivitt et a l . , 1968).

It is often stated that few of the common types of human breast

cancers find their counterpart in the most frequently studied laboratory or

domestic animal species. Certainly the clinical behavior of most animal

mammary tumors in terms cf invasive growth and metastases is distinctly

different from that of human breast tumors. Nevertheless, insufficient

emphasis has been placed on certain histogenetic features and growth

patterns of animal mammary tumors which may prove to be of comparative

value. The identification and reproducible induction of animal mammary



tumors with biological or morphological features resembling those of many

human tumors, such as invasive growth or metastatic potential, would

benefit the development of special models with widely ranging applicabilities.

Several animal species have been employed in studies on mammary

carcinogenesis to learn more about the multitude of facets which

characterize the human disease. The laboratory rat has been one of the

most widely used species in this regard. Mammary carcinomas of the rat are

considered by some to be the most important currently available model of

human breast cancer (Clifton, 1979). There are a number of reasons for the

rat's widespread utility in cancer research. Some general considerations

include: sufficiently large size to facilitate the collection of tissues and

fluids, ease of handling, ease of maintenance, availability of inbred strains,

and relatively low cost. Other more specific reasons include: the exquisite

sensitivity of the rat mammary gland to the carcinogenic effects of radiation

and a number of chemical compounds (Foulds, 1975; Shellabarger et a l . ,

1982); the sensitivity of the mammary gland and mammary tumors to the

effects of several hormones, especially estrogen and prolactin (Cutts and

Noble, 1961; Welsch and Nagasawa, 1977); the spontaneous occurrence with

variable frequency of different types of benign and malignant mammary

tumors (Burek, 1978; Casey et a l . , 1979; Sher, 1972); the origin of most

spontaneous and induced mammary tumors from ductal or ductular epithelium

(Russo et a l . , 1979); the ability to modulate tumor incidences by dietary

factors (Welsch and Aylsworth, 1983); and the lack of evidence for a role

of viral agents in the etiology of rat mammary tumors (Young and Hallowes,

1973). These characteristics have made the rat such a widely used species

for breast cancer research.

1.2 Purpose of the Study

The experiments on which the study is based were initiated jointly by

the Radiobiological Institute TNO and the Institute for Experimental

Cerontology TMO. One of the objectives was to evaluate the incidence and

nature of radiation- and hormone-induced pathological changes in mammary

glands and other organs in full life span experiments. In addition, other

objectives were to investigate dose-effect relationships of X rays and

neutrons for rat mammary carcinogenesis, to study possible synergism

between exogenous estrogen and X and neutron irradiation, to analyze the



effects of different neutron energies so as to assess the relative risks of

neutron irradiation, and to examine the affects of fractionated and low dose

irradiation on mammary carcinogenesis. These objectives are relevant to the

evaluation of possible hazards of repeated exposures to low dose irradiation,

such as occurs with periodic mammographic examinations or industrial

radiation exposure., and also for assessing the long-term effects of neutron

irradiation, in view of the tatter's use for technical and medical

applications. The inclusion of animals administered the natural hormone

estradiol-176 was to experimentally approach situations in which possible

synergism between radiation and altered hormone levels may result, such as

may arise in women using oral contraceptives or perimenopausal estrogens.

One of the goals of this monograph, therefore, is to present data on

the frequency of mammary neoplasms following irradiation and/or hormone

administration in intact and castrated female rats of three strains allowed to

live their natural life spans. These data are intended to give an o/erview

of the effects of radiation and hormonal manipulation on the mammary ghrd

based on histological examination of necropsied rats and using standard

morphological criteria for mammary tumors similar to those advanced by

Young and Hallowes (1973). Detailed analyses of the radiobiological aspects

of these experiments as they relate to the relative biological effectiveness of

the different types of radiation, theoretical considerations of fractionated

versus single dose irradiation, and assessment of relative risks will not be

presented here since these are the subjects of separate publications

(Broerse et a l . , in preparation). Some of the data presented here have

been published previously in preliminary form (van Bekkum et a l . , 1979;

Broerse et a l . , 1978, 1982; van Zwieten et a l . , 1982).

The second goal of this monograph is to provide detailed histologicai

descriptions of the mammary tumors found in the various experimental

groups as well as in several groups of untreated control rats. The aims are

to examine whether possible strain-related and treatment-related differences

in morphology or growth patterns exist, as well as to define the

pathogenesis of radiation-induced rat mammary tumors through the study of

early lesions. An attempt will be made to describe tumor characteristics

which may be of comparative value in identifying tumor types (and their

induction methods) useful as models for specific human breast neoplasms. A

rat mammary tumor classification system reflecting the morphological features

useful for comparative purposes will be presented. Since the rat is

8



frequently used in mammary cancer . search, a refinement of the

histological descriptions and criteria m; lead to a better understanding of

the model resulting in its more efficiei.' deployment. The results of this

morphological study will be compared with data from the literature so as to

provide a general reference on the pathology of the rat mammary gland.

A brie, survey of the pathological changes in the pituitary gland and

liver will also be included in this monograph. The frequent occurrence of

prolactin-secreting pituitary tumors in many rat strains dictates that

changes in the pituitary gland must be considered in relation to mammary

gland pathology. Furthermore, inasmuch as an association between

exogenous estrogens and several types of benign hepatic lesions in man is

known, a survey of the pathological changes in livers of rats from this

study is included. Finally, some of the contributions to breast cancer

restarch derived from studies of other animal species, aiong with some of

the characteristic features of their mammary tumors, will be considered

briefly.



CHAPTER 2

ANIMALS AND EXPERIMENTAL METHODOLOGY

The rat mammary tumorigenesis study presented in this monograph is

based on three separate experiments which were carried out sequential./

over approximately an 8-year period. The methodology and experimental

conditions for these experiments were not modified during this period, anJ,

for the purposes of this chapter, the three experiments will be considered

together.

2.1 Rationale for Choice of Rat Strains

Female rats of three different strains, namely the WAG/Rij, BN/BiRij

and Sprague-Dawley, were selected for these experiments for reasons which

will be briefly outlined. For many years the Sprague-Dawley rat has been a

favored laboratory animal in which to rtucy radiation-induced mammary

tumorigenesis. This stems largely from the observation that the mammary

glands of female Sprague-Dawley rats are extremely sensitive to the effects

of ionizing radiation in terms of the high incidence and the short latency

periods of induced mammary tumors, even following relatively low doses of

irradiation (Bond et a l . , 1960a; Shellabarger et a l . , 1957; Vogel, 1969).

The sensitivity to the effects of radiation on the mammary gland may be due

in part to the fact that the spontaneous mammary tumor rate in nonirra-

diated control animals is also high, often approaching 50% of rats during

their life spans (Sher, 1972; Vogel and Turner, 1982). Because of this high

susceptibility to radiation-induced mammary tumorigenesis in Sprague-Dawley

rats, it was felt that more realistic and balanced data, perhaps more

appropriate for risk estimation in other species, could be derived by

studying several strains of rats simultaneously, and by including strains

with a lower sensitivity to induced mammary tumorigenesis. Thus, in

addition to female Sprague-Dawley rats, females of two other rat strains

were chosen for this study: the WAG/Rij and the BN/BiRij. Parenthetically,

11



it should be stated that not each individual irradiation dose level or

fractionation schedule was studied in each of the three rat strains. The

distribution of the rat strains over the irradiation dose groups will be

presented in Section 2.5. An important consideration in favor of the

WAC/Rij and BN/BiRij strains was the fact that they had been used exten-

sively for aging studies in the Institute for Experimental Gerontology TNO

and both strains had been well characterized with regard to longevity data

and age-associated neoplastic and nonneoplastic lesions (Boorman and

Hollander, 1973; Burek, 1978). From these studies it became evident that

the incidence of mammary tumors in female BN/BiRij rats was considerably

lower than that for the Sprague-Dawley stocks commonly used in the United

Spates, and that female WAC/Rij rats assumed an intermediate position as

far as their mammary tumoi incidence was concerned. In addition, prelimi-

nary experiments (Broerse et a l . , unpublished observations) had indicated

that the WAC/Rij and BN/BiRij strains also had an intermediate and lower

susceptibility, respectively, with respect to mammary tumor induction

following the administration of 7,12-dimethylbenz(a)anthracene (DMBA)

relative to the Sprague-Dawley stocks employed in the United States.

2.2 Origin of the Rats

The WAC/Rij is a Wistar-derived albino rat. The strain was obtained

from the Glaxo Laboratories (Greenford, Middlesex, England) in 1953 and

following cesarean-derivation, pathogen-free offspring were used to

establish a barrier-maintained breeding colony at the REP Institutes TNO*.

This strain has been inbred by brother-sister mating since 1953 and is now

in its 52nd generation. At the time the mammary carcinogenesis studies were

initiated, the WAC/Rij rats were in their 40th generation of inbreeding.

The BN/BiRij is a Brown Norway rat obtained from Microbiological

Associates, Inc. (Bethesda, MD) in 1963. Their rats were derived from

stock originated by Silvers and Billingham in 1958 from brown mutations

which they obtained from King and Aptekman. The animals obtained from

Microbiological Associates, Inc. were used to establish the barrier-main-

tained BN/BiRij breeding colony following cesarian-derivation and foster

* REP stands for Radiobioiogical Institute TNO, Institute for Experimental Gerontology TNO and
Primate Center TNO.
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nursing on pathogen-free WAG/Rij dams. These rats have been inbred by

brother-sister mating since 1963 and are currently in their 34th generation

in Rijswijk. They were in their 23rd generation of inbreeding when first

used in the mammary carcinogenesis studies.

Germ-free Sprague-Dawley rats in the 7th generation of brother-sister

mating were obtained from the University of Uim (Ulm, Federal Republic of

Germany) in 1972. These animals were used to establish the pathogen-free

barrier-maintained Sprague-Dawley breeding colony in Rijswijk. This rat

stock had been introduced to Ulm by Prof.Dr. O. Haferkamp in 1965 with

breeding pairs obtained from Hoechst Pharmaceuticals, Frankfurt, Federal

Republic of Germany. The source of the rats maintained in Frankfurt at

that time can no longer be ascertained.

The Sprac-ue-Dawley rats are currently in their 19th generation of

inoreeding at the R^P Institutes TNO, and they were in their 6th genera-

tion when first used in the mammary carcinogenesis studies. Since these

rats have not been inbred for more than 20 generations in our laboratories,

convention dictates that a specific strain designation may not yet be applied

(Festing, 1979), and therefore they are properly referred to as a rat

stock. However, primarily for the sake of syntactic simplicity, the Sprague-

Dawley rats will often be referred to as a "strain" in the remainder of this

monograph.

2.3 Selected Biological Characteristics of the Rats

In this section, some biological parameters which further characterize a

rat strain will be presented. Although this information is not of direct

relevance to the studies described hereinafter, it is felt that data on body

weight, breeding performance and immunogenetic determinants may be of

value when comparing the results obtained in these rat strains with those

from other laboratories, in particular when divergent results are obtained in

rat strains presumed to have similar genetic backgrounds (van Zwieten et

a l . , submitted for publication).

2.3.1 Growth Curves

Body weights of virgin female rats of the three strains were collected.

The mean weights (± 1 standard deviation) in grams are shown in Figure

2.1 for animals ranging in age from 3 weeks to 2 years.

13



250

T 200

150

100

50'

0 J

K -̂f

• WAG/Rij 9V
• BN/Bi Rij 99
• Sorague - Dawley 9?

12 IS

age ( month )

24

Fig . 2.1 Mean body weight (± 1 standard deviat ion) of v i r g i n female
WAG/Rij, BN/BiRij and Sprague-Dawley ra t s . Each point represents from 10 to
40 animal s.

Female Sprague-Dawley rats were heavier than were the WAG/Rij and
BN/BiRij females during the 2-year period that weights were obtained.
However, the differences were only significant until the age of 1 year.
Moreover, the Sprague-Dawley rats gained weight more rapidly following
weaning and reached their adult weight earlier than did the other two
strains. There was no significant difference between the weights of the
WAC/Rij and BN/BiRij females until about 5 to 6 months of age, at which
point the latter strain tended to plateau at a slightly lower body weight
than did the former.

2.3.2 Breeding Data

Breeding data for an average generation of each of the three rat
strains are shown in Tables 2 .1, 2.2 and 2.3. These data are taken from
the breeding records for a single year, and the three generations shown
are representative for each strain. Data from subsequent generations do not
differ substantially.



TABLE 2.1 BREEDING DATA FOR'ONE AVERAGE GENERATION (F 45)

OF WAG/Rij RATS

Litter no.in one
generation of breeding

Total no.of breeding females
available for next 'litter [%)

Total no.born
Total no.weaned

Average no.born per litter
Average no.weaned per litter

Av-age preweaninc mortality
per litter in percent

0

338
(100)

-

-

328
(97)

2194
1542

6.7
4.7

317
(94)

2593
2150

8.2
6.8

292
(86)

2332
1968

8.0
C 7

230
(68)

1745
1425

7.6
6.2

130
(38)

939
813

7.2
6.3

33
(10)

209
171

6.3
5.2

30 17 16 18 13 18

TABLE 2.2 BREEDING DATA FOR ONE AVERAGE GENERATION (F 25)

OF BN/BiRij RATS

Litter no.in one
generation of breeding

Total no.of breeding females
available for next litter (

Total no.born
Total no.weaned

Average no.born per litter
Average no.weaned per litter

Average preweaning mortality
per litter in percent

0 1 2 3 4 5 6

178 163 155 146 125 90 38
(100) (92) (87) (82) (70) (51) (21)

714
524

4.4
3.2

26

818
694

5.3
4.5

757
612

5.2
4.2

15 19

636
548

5.1
4.4

14

433
384

4.8
4.3

152
129

4.0
3.4

11 15

TABLE 2.3 BREEDING DATA FOR ONE AVERAGE GENERATION (F 10)

OF SPRAGUE-DAWLEY RATS

Litter no.in one 0
generation of breeding

Total no.of breeding females 110
available for next litter (%) (100)

Total no.born
Total no.weaned

Average no.born per litter
Average no.weaned per litter

Average preweaning mortality
per litter in percent

1

109 105 92 75 31 5
(99) (95) (84) (68) (28) (5)

799
519

7.3
4.8

875
711

8.3
6.8

729
623

7.9
6.8

557
469

7.4
6.3

187
159

6.0
5.1

23
21

4.6
4.2

35 19 15 16 15
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Table 2.4 summarizes the breeding data for the three rat strains. The

breeding performance of WAC/Rij and Sprague-Dawley rats differed very

little in terms of average l i t ter size t b i r th (7.5 and 7.6, respectively) and

average number of young weaned per l i t ter (6.1 and 6.0, respectively).

BN/BiRij rats, on the other hand, had smaller l i tters (mean 4.9) and a

correspondingly smaller number of weaned offspring per l i t ter (mean 4.0).

The average preweaning mortality differed only sl ightly among the three

strains.

TABLL 2.4 SUMMARY OF BREEDING DATA FOR ONE AVERAGE

GENERATION OF THREE RAT STRAINS

WAG/Rij
(F 45)

1

10
8

,330

,012
,069

7.5
6.1

.N / ' iR i j
:F IS)

in

3,510
2,891

4.9
4.0

Sprag

3
2

ue-Dawley
F 10)

,170
,502

7.6
6.0

No.of breeding females
with l i t t e r

Total no.born
Total no.weaned
Average no.born per l i t t e r
Average no.weaned per l i t t e r
Average preweaning mortality 19 18 21

per l i t t e r in percent

2.3.3 Selected Immunogenetic Data

A great deal of information on rat genetics has become available in
recent years. This is due in part to the widespread use of inbred strains
of rats in biomedical research, which has brought with it the necessity of
periodically monitoring the animals to ensure the authenticity and genetic
homogeneity of the strains. This can be done by determining the so-called
genetic profile of a strain, which refers to a set of genetic markers on
different chromosomes. These markers include a number of morphological,
immunological and biochemical characteristics such as coat color, cell surface
alloantigens and enzyme (isoenzyme) markers, among others (Festing, 1979;
Hedrich, in press). Information on the genetic profiles of a number of
inbred strains, including the Wistar derived WAG and Brown Norway
strains, can be found in recent reviews (Festing, 1979; Robinson, 1979)
and will not be further discussed here.
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Another, perhaps more important, impetus to further understand the

genetics of the rat has been the marked progress in immunological research

in recent years. The field of immunogenetics in general, and the study of

the major histocompatibility complex in particular, promises to provide

valuable leads to defining the genetic factors responsible for the control

and regulation of a number of important immunologic functions, including

resistance (or susceptibility) to neoplasia (Gill et a l . , 1978). In the mouse,

for example, much has been learned about the role of specific gene loci in

the major histocompatibility (H-2) complex in determining mammary tumor

development in that species (Miihlbock and Dux, 1981). Data of this type in

the rat are lacking at present as far as mammary tumors are concerned,

and only fragmentary data on other tumor systems exist (Gill et a l . , 1978).

Studies with recently available congenic strains will be needed to define

which gene components are responsible for modulating tumor susceptibility.

Since it is anticipated that future advances in understanding rat mammary

carcinogenesis will depend partly on elucidating the role of the immuno-

genetic backgrounds of the animals, data on selected alloantigenic haplo-

types of the rat strains used in the present studies will be provided. These

data will allow comparison with the immunogenetic backgrounds of other

commonly used rat strains, and may help to focus attention on this

neglected aspect of rat mammary carcinogenesis research.

The RT1 system is the major histocompatibility complex of the rat and

contains genes which code for the traditional serologically defined histo-

compatibility antigens (A region) as well as genes thought to function in a

manner analogous to the I region (immune response) associated genes of

mice (B region) (Cramer et a l . , 1980). The RT2 and RT3 regions control

the expression of antigens on a variety of cells, including erythrocytes

(blood group antigens), liver cells, spleen cells and lymphocytes (Cramer et

a l . , 1980). The haplotypes of the WAG/Rij, BN/BiRij and Sprague-Dawley

rats for these three alloantigenic systems are listed in Table 2.5. The

WAG/Rij and Sprague-Dawley rats are homozygous for the RT1U haplotype,

and BN/BiRij rats are homozygous for the RT1 haplotype.

As compared to the mouse, the rat has a relatively restricted genetic

diversity, due to the common origin of many inbred strains. Approximately

sixteen different RT1 haplotypes have been identified and, of the more than

forty inbred rat strains tested, nine share the RT1U haplotype (Cramer et

a l . , 1980). Only two strains have the RT1n haplotype, one of which is the
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TABLE 2.5 SELECTED ALLOANTIGENIC SYSTEMS FOR RATS

OF THE REP INSTITUTES TNO*

Strain RT1 RT2 RT3

WAG/Rij
BN/BiRij

Sprague-Dawley

Haplotype
u
n
u

A region
u
n

u

B region

u
n
u

b
a
b

b
b

b

* Data kindly supplied by Dr. D.V. Cramer,
University of Pittsburgh, Pittsburgh, PA.

Brown Norway, including the BN/BiRij substrain.

The genetic homogeneity of the WAG/Rij, BN/BiRij and Sprague-

Dawley rats has been confirmed on a number of occasions by permanent

skin graft survival within the strains (Marquet, 1978). By this criterion,

the Sprague-Dawley rats can be considered to be inbred despite their less

than 20 generations of brother-sister mating in the REP Institutes TNO,

Rijswijk. The permanent skin graft survival can be explained by the fact

that these rats were already partially inbred before arriving in Rijswijk

(see Section 2.2), and the additional generations of brother-sister mating

at the time of testing were sufficient to confer RT1 compatibility to permit

graft survival.

Since the Sprague-Dawley and WAG/Rij rats share the RT1U haplo-

type, it was not unexpected that their lymphocytes did not stimulate each

other in the in vitro mixed lymphocyte reaction (Marquet, 1978). The mixed

lymphocyte reaction is a measure of histocompatibility differences, and the

genes which control this response are located on the B region of the major

histocompatibility (RT1) complex. Despite the absence of a mixed lymphocyte

response, skin grafts between WAG/Rij and Sprague-Dawley rats were

rejected within 10 days, suggesting that these two strains differed at

sufficient minor histocompatibility loci to be incompatible with respect to

skin allografts (Marquet, personal communication). Heart and kidney allo-

grafts were also exchanged between WAG/Rij and Sprague-Dawley rats and

prolonged survival was seen in 50% of heart allograft recipients and in 100%

of kidney recipients (Marquet, personal communication). It is known,

however, that these organs can show prolonged survival in spite of diffe-

rences ut the minor histocompatibility loci (Cramer et a l . , 1980).
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2.4 Husbandry Conditions

The source of the rats used in these experiments was the pathogen-

free rodent breeding colony of the REP Institutes TNO. The breeding

colony is maintained under strict barrier isolation. When the rats were to be

entered into an experiment, they were removed either directly from the

barrier facility or from a limited access SPF-stock room. They were then

housed in experimental animal rooms under conventional conditions

(Hollander, 1976; Solleveld, 1978). These conventional animal rooms were

maintained at 21 ± 1C° with a relative humidity of 60 to 65%. The rooms

were kept under positive air pressure and ventilated with 15 exchanges of

filtered (insect and dust filters) air per hour. A 12-hour light/ 12-hour

dark lighting schedule was used. The rats were maintained on autoclaved

pine shavings, four to a cage in 35 cm x 23 cm x 16 cm (length x width x

height) shoe-box type polycarbonate cages (Makrolon ). The cages were

changed and washed twice a week in 80° to 90°C water. The rats were fed

a standard pelleted rodent diet (AM II , Hope Farms, Woerden, The

Netherlands) ad libitum. The composition and analysis of this diet has been

published elsewhere (Burek, 1978; Zurcher et a l . , 1980). Acidified water

was provided ad libitum in bottles with sipper tubes and was changed three

times a week. The floors in the animal rooms were cleaned and disinfected

with chloramine (N-chloro-p-toluenesulfonamide) sodium (Halamid ) once a

week.

The health of the barrier-maintained breeding facility is followed

closely, initially by limited microbiological and serological screening of a

small sample of animals (Burek, 1978) and more recently by means of a

comprehensive health surveillance program (Peters and Solleveld, in press;

van Zwieten et a l . , 1981). This program involves extensive bacteriological,

serological, parasitological and histopathological monitoring of a larger

sample of animals and at more frequent intervals than was done previously.

Individual animals in experimental rooms are monitored sporadically or when

unexpected illnesses or deaths occur.

In general, during the last 20 years, health-related problems in the

rodent colonies have been minimal, although bacterial pathogens were

identified in animals from the breeding colony and stock rooms (Hollander,

1976; Burek, 1978). Also, a constant low-level pinworm infestation was

ascertained in rats housed in experimental rooms. In 1975, however, a
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respiratory disease outbreak initiated by a Sendai virus infection (Burek et
a l . , 1977) was detected in the rat colony, which necessitated rederivation of
the barrier-maintained breeding colony. Unfortunately, some of the rats
involved in the initial mammary carcinogenesis study were also affected by
this disease, and significantly affected the survival of certain groups which
necessitated their elimination from the study. Rats from other groups were
retained in the siudy r espite histological evidence of respiratory disease if
their survival curves did not differ substantially from those of newly-re-
derived pathogen-free rats treated in a comparable manner at a later time.
A group substitution was made in one instance in order to permit
comparisons of survival characteristics. This concerned a BN/BiRij non-
irradiated control group from the initial experiment which was substituted
with a separate control group composed of a comparable number of rats
born after the completion of the initial experiment.

2.5 Irradiation

The rats were irradiated with either single or fractionated doses of X
rays or monoenergetic fast neutrons of different energies. The single dose
irradiations and the first exposure of the fractionated treatments were given
at 8 weeks of age.

For the X irradiations, performed with a Philips-Muller X-ray
generator (300kV, half value layer 3 mm Cu), the animals were contained in
horizontally piaced exposure cylinders without anesthesia. The tubes were
turned halfway through the exposure time to achieve bilateral irradiation.

Monoenergetic neutron beams were produced with a double belt Van
de Craaff K2N-3750 positive ion accelerator through the d(0.27)+T,
d(2.5)+D and the p(1.7)+T reactions. The notation of the reaction i(E)+J
refers to particles of type i (deutrons or protons) with energy E (in MeV)
impinging on a target element J (deuterium or tritium)(ICRU, 1977). The
animal containers were mounted on a wheel (Fig.2.2) which was rotated
coaxially with the ion beam axis to allow multilateral irradiation .vith the aim
of achieving uniform dose distributions in the animals (Broerse et a l . ,
1978)

Neutrons fields are always accompanied by photons (X and gamma
rays). Because of the differences in relative biological effectiveness (RBE)
of these two radiation components, it is necessary to separately determine
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Fig. 2.2 Rotating device with rat containers in place for multilateral, whole
body neutron irradiation.

the neutron and photon absorbed doses. The average absorbed dose for
both radiation components at the position of the mammary glands was
derived from measurements with tissue er^jivalent ionization chambers and
Geiger-Muller counters (Zoetelief, 1981). The specification of absorbed
doses in the present study refers to total absorbed dose (sum of neutron
and photon absorbed dose). The characteristics of the radiation fields are
summarized in Table 2.6. The distribution of animals in the different
experimental groups is shown in Table 2.7. Lower dose levels were applied

TABLE 2.6 CHARACTERISTICS OF THE RADIATION FIELDS

Type of radiat ion X-rays d(0.27)+T d(2.5)+D p(1.7)+T
neutrons neutrons neutrons

Energy

Distance

Dose rate

Relative

from source

(Gy mirf1)

photon

(cm)

300 kV
tube voltage

150

0.06

1

15 MeV

52.5

0.004-0.07

0.07

4.2 MeV

34

0.003-0.008

0.24

0.5 MeV

34

0.002-0.005

0.04
contribution D~/DT

u I
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TABLE 2.7 SUMMARY OF IRRADIATION DOSES AND SCHEDULES

Type of
Radiation

X rays

Neutrons
0.5 MeV

0.

\.2 MeV 0.
0.

0.
0.

1.

L5 MeV
0.
0.
1.

Total
Dose(Gy)

0.1
0.25
0.3
1.0
2.0
4.0

4.0
0.2
1.0
2.0
2.0
2.0

0.03
0.06
0.1

.23-0.26
0.41
0.73
1.02

0.3
0.3
0.2

05-0.06
12-0.15
0.2
35-0.37
47-0.5

0.66
17-1.24
1.65

0.05
16-0.17
52-0.55
57-1.65

No. of
Fractions

1
1
1
1
1
1

5
10
10
10
10
50

1
1
1
1
1
1
1

5
5
10

T
1

1
I
1
1
1
1
1

1
1
1
1

Fraction
Interval(d)

-
-

_
-

30
30
30
30
1
1

-

-
_
-

14
30
30

_

-
-

_
-

-

R a t s t r a i n

WAG/Rij BN/BiRij Sprague-Dawley

x
x
X

X
X
X
X
X
X

X
X
X

X

X
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for the neutron-irradiated groups in view of the higher effectiveness per

unit of absorbed dose generally observed for this radiation modality.

2.6 Hormone Administration

Rats of certain experimental groups were administered an exogenous

estrogenic hormone in order to study the possible synergistic action

between estrogens and ionizing radiation. Earlier studies of this type were

carried out with diethylstilbesterol (DES) (Segaloff and Maxfield, 1971;

Shellabarger et a l . , 1976) but several disadvantages dictated against the

use of this compound. For example, such undesirable side effects as hair

loss, impaired growth and general unthriftiness were common due to the

relatively high doses required. Also, DES does not occur in the rat under

physiological conditions. This same reservation applied to two other

synthetic estrogenic compounds (17a-ethinylestradiol and 170-estradiol-

3-benzoate) which were considered for use in these studies. Moreover, few

data were available on the metabolism of these compounds in the rat at the

time these studies were planned. The naturally occurring hormone, estra-

diol-176, which is subject to similar metabolic conversions in rats and

humans, was therefore selected as the estrogenic compound of choice.

The administration of the hormone was accomplished by implanting a

single pellet subcutaneously in the anterior interscapular region under light

ether anesthesia. The pellet consisted of a 2-3 mm long segment of 3 mm

diameter silicone tubing which contained 2 mg estradiol-178 in a choleste-

rol-paraffin base (Blankenstein et a l . , 1977). The dose of estradiol-176

administered to the rats was based on previous toxicity experiments and

results of plasma estrogen determination following implantation of different

amounts of the hormone (Blankenstein et a l . , 1977). It was found that a

pellet containing 2 mg estradiol-176 resulted in elevated plasma estrogen

levels (Fig.2.3) which remained elevated for up to 11 months following

implantation with respect to controls tested either throughout the estrous

cycle or in estrus and metestrus only (Blankenstein et a l . , 1981).

The estrogen-containing pellets were implanted when the rats were 6

to 7 weeks of age (i.e. 1 to 2 weeks prior to ir adiation) and left in situ

for the duration of the animal's life.
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Fig. 2.3 Plasma estradiol concentration (means ± s.e.m.) in female
Sprague-Dawley rats at different times following subcutaneous implantation
of 2 mg estradiol-17p. (From data by Blankenstein et a l . , 1981, with
permission from the publisher).

2.7 Castration

Certain groups of rats were ovariohysterectomized in order to study
indirectly the role of the endogenous ovarian hormones in radiation carcino-
genesis. Ovariohysterectomies were performed when the rats were 4 weeks
of ape. Under ether anesthesia, a small ventral midline incision was made,
and a single silk ligature was placed around the cervix. Following tran-
section cranial to the cervix, the uterus with ovaries attached was removed.
The abdominal incision was closed with wound clips. Estrogen implantation
and irradiation of ovariohysterectomized rats always took place 2 to 3 and 4
weeks, respectively, following surgery.

2.8 Clinical Examination

Once entered into the study, all rats were inspected weekly. The
mammary gland regions were palpated carefully to detect the presence of
nodules or other abnormalities. Any swelling in this region was recorded as
to date of appearance, size and location. The size was measured with
calipers and the larger of two diameters was noted. The nipples were used
as reference points to record the location of mammary nodules, each nipple
being identified by a number from 1 to 12, as shown in Figure 2.1. A data
card was kept for each animal on which was recorded the animal number,
date of bir th, group number, dates on which experimental procedures were
carried out and information relating to any mammary nodules.
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Fig. 2A Portion of individual animal data card with illustration identifying
the nipples by number used to record the location of mammary nodules.

The physical condition of the rats was closely observed, and inspec-

tions for sick or dead animals were performed twice daily during the week

and once during the weekend. Sick animals were caged individually and

were observed more frequently. Moribund animals were presented for

necropsy when, in the judgment of an experienced animal caretaker, death

was imminent. This procedure was followed to minimize loss of histological

material due to autolysis and cannibalism. In these studies, mammary tumors

were not removed surgically at any time prior to the animal's death and

thus, in some cases, rats were euthanatized when the size of a tumor

became so large as to interfere with the animal's movement or feeding

behavior.

The number of animals entered into the study varied with the applied

dose levels. In the earlier experiments the control and low dose irradiated

groups were comprised of 40 rats each, and each of the higher dose groups

contained 20 rats. In later experiments, the number of rats in the control

groups was increased to 100 and to 60 in each of the irradiated groups, in

order to improve the accuracy of the statistical analysis of the data. The

numbers of rats per group examined histologically on which the tumor

incidence data are based will be shown in Chapter 3.
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2.9 Necropsy Procedures

Complete necropsies were performed on all animals found dead and

those killed in a moribund state with an overdose of ether anesthesia.

Severely autolyzed or partially cannibalized rats were either incompletely

necropsied or discarded. The necropsies were done by trained pathology

technicians under supervision by pathologists. The animal was examined

grossly and the location and sizes of any mammary tumors noted on the

individual animal record were confirmed. All observations made during the

necropsy were entered on a permanent necropsy record, on which

subsequent histological diagnoses were also recorded. The animal was

pinned on a corkboard and a ventral midline incision extending from the

mandibular symphysis to the vulva was made. The skin was dissected free

from the underlying musculature and reflected laterally so as to completely

expose the mammary glands. Again, using the nipples as reference points,

mammary lesions were described and measured. All grossly visible nodules,

including tumors, cysts and abscesses, were removed for histological

examination. The mammary lesions were often removed with the overlying

skin attached to facilitate subsequent orientation. Lesions originating in

different mammary glands were fixed in separately numbered jars to retain

their topographical identity. When no gross abnormalities were seen, or

when all mammary glands were affected to a similar degree by hyperplasia

or lactational change (these being readily recognizable gross morphological

alterations which had been confirmed by histological examination on

numerous occasions), two glands were selected routinely for subsequent

histological examination, one from each mammary chain.

Following the completion of the gross inspection and sampling of the

mammary glands, the peripheral lymph nodes (axillary, inguinofemoral,

mandibular, superficial and deep cervical) were located, described and

removed. The body cavities were then opened and carefully examined. All

gross abnormalities were described. Organs were not routinely weighed

since organ weight/body weight ratios were not calculated.

In addition to the mammary glands and peripheral lymph nodes

mentioned above, other tissues routinely sampled and fixed for histolonical

examination included: lungs, heart, thymus, mediastinal lymph nodes,

esophagus, trachea, thyroid glands, salivary glands, liver, spleen,

pancreas, adrenals, stomach, duodenum, jejunum, ileum, colon, cecum.
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mesenteric lymph nodes, para-aortic (iliac and sacral) lymph nodes,

kidneys, urinary bladder, ovaries, uterus, cervix, vagina, brain, pituitary

gland, sternum and skin. Any gross abnormalities found were also removed

and fixed. For approximately half of the rats in these experiments, the

skull was also fixed and trimmed following decalcification so as to provide

sections through the nasal passages, eyes, lacrimal glands and middle ears.

Tissues were fixed in 10% neutral buffered formalin, and in some

cases also in Tellyesniezky's fluid. The tissues were trimmed and embedded

in paraffin. Sections were routinely cut at 5 ym and stained with hema-

toxylin-phloxine-saffron (HPS). Additional special stains were applied when

necessary.

2.10 Statistical Evaluation

The crude tumor incidence is defined as the percentage of all rats in

a particular group found to have one or more mammary tumors at the time

of necropsy. According to this definition, therefore, tumors not palpated

during life but discovered at necropsy or during the subsequent histological

examination are included with the histologically confirmed palpable tumors to

arrive at the final crude tumor incidence values. These data were analyzed

by the 2-tailed exact Fisher test for significance.

The mammary tumor data are also expressed as cumulative incidence

rates by the use of an actuarial or life table method. The method used is

that of Cutler and Ederer (1958) as modified by Rosenblatt et al. (1971).

The basis of the method is the computation of time specific tumor mortality

rates where animals dying with the specified category of mammary tumors

are expressed as a proportion of those at risk during the specific age

interval. Rats in which the specified tumors were not found at necropsy are

considered intercurrent or nonrelevant deaths. The latter group, along with

the animals still alive at the end of each age period, are considered to have

been at risk for mammary tumor development for as long as they remained

alive. Using the terminology of Rosenblatt et al. (1971), the following

relationships were used in calculating the cumulative incidence rates:
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l )
= q = tine specific mortality rate

where d = the number of rats dying with the specified
mammary tumor type during the time interval t ,

I = the number of rats alive at the beginning of
the time interval t and

u. = the number of intercurrent or nonrelevant
deaths during the interval

2) ^"^t = Pt = ^me specific survival rate

3) p..p-.p .p = p * = cumulative survival rate

4) 1.0-p * = cumulative incidence rate

An estimate of the confidence limits is indicated by the standard

error of 1.0-p * and is calculated as follows: p *

where c =
lt - d t
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CHAPTER 3

EFFECTS OF IRRADIATION AND HORMONE ADMINISTRATION

ON MAMMARY TUMOR INCIDENCE

3.1 Introduction

It is well recognized that animal experiments on radiation carcino-

genesis can provide information essential to understanding the fundamental

mechanisms of carcinogenesis (Dethlefsen et a l . , 1978; Fry, 1981). In

addition, important information relating to the nature of the biological

response to various kinds of radiation at various absorbed dose levels can

be derived from animal experiments. Although it is often not possible to

extrapolate animal data directly to the human situation, results of animal

experiments form a valuable adjunct to human epidemiological data (GAO

Report, 1981). Radiation carcinogenesis studies in animals are particularly

relevant in the area of mammary neoplasia, since 'epidemiological studies

(reviewed in BEIR, 1980; Boice, 1981) have clearly shown that radiation can

induce brsast cancer in women. Laboratory rats are the most frequently

used animal species in studies of radiation-induced mammary carcinogenesis.

Results of some key studies which established the importance of the rat in

this field of cancer research will be summarized below.

Female Holtzman rats (a Sprague-Dawley stock) exposed to a single,

supralethal dose (7 Gy) of X irradiation, and kept alive by temporary para-

biosis, developed an increased number of mammary tumors (fibroadenomas

and adenocarcinomas) within 6 months following irradiation (Finerty et a l . ,

1953). Shellabarger et al. (1957) showed that 31 and 56% of female Sprague-

Dawley rats exposed to sublethal doses (2 Gy and 4 Gy, respectively) of

whole body y- radiation and 131 of rats exposed to 4 Gy of X rays

developed mammary neoplasms within an 11-month observation period.

Approximately two thirds of the tumors observed were benign fibroepithelial

neoplasms and about one fourth were adenocarcinomas; the remainder
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included fibrosarcomas and unclassified tumors. None of the controls

developed such neoplasms during the same period. A linear dose-effect

relationship for mammary tumor development in Sprague-Dawley rats was

shown for X rays in the range of 0.25 to 1 Cy (Bond et a l . , 1960a). The

data were insufficient to allow analysis of dose-effect response separately

for the various different histological types of tumors, including benign

fibroepithelial neoplasms, adenocarcinomas and fibrosarcomas. The same

authors, in studying localized irradiation in Sprague-Dawley rats, also

provided evidence that radiation-induced mammary tumors in rats arise

within the irradiated f ie ld, as also occurs in women, but not in several

other animal species studied, . g . mice, dogs and guinea pigs (Bond et a l . ,

1960b; Shellabarger, 1981). Using another rat s t ra in , Segaloff and

Pettigrew (1978) showed that in X-irradiated ACI rats, benign mammary

tumors increased proportionately with dose (0-4.5 Cy ) , whereas no such

increase could be demonstrated for mammary carcinomas.

It was shown that fission neutrons were effective in inducing

mammary neoplasms of unspecified histological type in female Sprague-

Dawley rats (Vogel, 1969). In a subsequent s tudy, an overall mammary

tumor incidence of 801 was observed over a dose range of 0.05-2.5 Cy of

neutrons in comparison with a control incidence of 50% (Vogel and Zaldivar,

1972). No evidence of a linear dose-effect relationship was obtained,

however. On the other hand, Montour et a l . , (1977), also using Sprague-

Dawley rats, found a linear relationship between neutron dose and the

number of rats with mammary neoplasms as well as the number of neoplasms

per rat . Most of the tumors induced were fibroadenomas; adenocarcinomas

occurred too infrequently to enable comparable analyses.

At this point, it should be mentioned that equal doses of different

types of ionizing radiation do not necessarily produce the same frequency

or incidence of biological effects due to their different energy deposition

characteristics. The concept of relative biological effectiveness (RBE) was

developed in order to compare the efficacy of different types of radiation.

The RBE is defined as the ratio of absorbed dose of a reference radiation

to the absorbed dose of the test radiation required to produce the same

level of biological effect ( ICRU, 1979). The reference radiation in radio-

biological experiments is, by definit ion, X irradiation (250-300 kV ) ,

although Co y~'"ays are occasionally employed. The test radiation in most

30



of the types of studies referred to here is neutron irradiation. Montour et

al . (1977] compared the mammary tumor inducing effectiveness of the fast

neutrons (mean energy, 14.5 MeV) with that of y r a y s , and found that the

RBE increased from 5 to 14 at decreasing doses of neutron irradiation of

0.4 to 0.025 Oy, respectively. Vogel (1974) examined the RBE of 1.2 MeV

fission neutrons as compared to X rays, and found a value of approximately

50 at neutron doses of 0.02 Cy. No mention is made, however, of the types

of mammary tumors induced in that study.

In studying mammary tumor development in Sprague-Dawley rats

following irradiation with 0.43 MeV fast neutrons and X rays, Shellabarger

and co-workers (1974) found that the RBE increased from approximately 10

at 0.08 Cy of neutrons to approximately 100 at doses of 0.001 to 0.004 Cy

of neutrons. Thus, again, high RBE values were found at low neutron

doses. In a subsequent publication, which analyzed these data in greater

detail (Shellabarger et a l . , 1980), it was shown that these high RBE values

were based predominantly on rats with fibroadenomas, since these were the

most common tumor types induced. Although the data on mammary

carcinomas were less firm due to their small numbers, the authors assumed

a similar RBE at the low neutron doses for carcinomas. In addit ion, they

showed that the tumor rate increased sharply with age, and they

interpreted their results to indicate that irradiation essentially caused a

forward shift in time of the spontaneous cammary tumor incidence.

Several investigators have presented evidence that exposing the

animals to fractionated doses of irradiation had no sparing or enhancing

effect or the mammary tumor incidence when compared to animals exposed to

single doses. Vogel (1978) examined female Sprague-Dawley rats exposed to

1.2 MeV fission neutrons either in single doses or in split Hoses with a 24

hour interval between the fractions, and found no difference in mammary

tumor frequency. Shellabarger et a l . (1966) employed y-irradiated

Sprague-Dawley rats and compared single dose exposures to fractionated

exposures given either at intervals of 24 hours, or as two fractions per

week over a period of 2 to 16 weeks. No increase in the overall incidence of

mammary tumors was found, nor in their total number, when animals

exposed to fractionated irradiation were compared with those receiving a

single dose. However, an increase in the number of mammary

adenocarcinomas in animals receiving fractionated doses as compared to

those exposed to a single dose was reported.
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A synergism* between estrogen and X irradiation was shown in female

ACI rats treated with the synthetic estrogen, diethylsti lbestrol (DES)

(Sep^loff and Maxfield, 1971). Mot only was a higher incidence of mammary

adenocarcinomas found in rats receiving both DES and radiation, but their

absolute and mean latency periods were less than for tumors arising in rats

treated with radiation or DES alone. By shielding one mammary chain, these

authors also showed that the synergism between radiation and DES occurred

only in the irradiated mammary glands. In a later publication (Segaloff and

Pettigrew, 1978), it was shown that che DES-radiation synergism was

dependent on the dose of X rays. Other investigators (Stone et a l . , 1980),

subsequently showed in female ACI rats that the synergism between DES

and X irradiation was also highly DES dose dependent.

The synergism between X irradiation and DES in ACI rats for the

induction of mammary adenocarcinomas was shown by Shellabarger et al .

(1976) to hold also for 0.13 MeV neutrons. Again, a larger overall number

of tumors and a shorter latency period was reported for the combined

treatment as compared to either treatment alone. When these investigators

(Shellabarger et a i . , 1978) compared the effects of DES and neutron

irradiation in two rat strains, ACI and Sprague-Dawley, they found

considerable differences in the mammary tumor responses. Neutron

irradiation alone caused an increased incidence of fibroadenomas with

respect to controls in Sprague-Dawley rats but not in ACI rats, whereas

DES alone increased the incidence of adenocarcinomas with respect to

controls in ACI rats but not in Sprague-Dawley rats. A synergism between

neutrons and DES was seen in the adenocarcinoma response in ACI rats

only. In fact, the combined treatments appeared to inhibit the formation of

fibroadenomas and adenocarcinomas in Sprague-Dawley rats dur ing the

study period. When female F344 rats were studied {Holtzman et a l . , 1979a),

synergism between X irradiation and DES, in terms of mammary adeno-

carcinoma induction, could only be shown for one (2.6 mg) of four DES

dose levels studied (0.98, 1.6, 2.6 and 3.9 mg). However, the interpre-

tation of these data was complicated by differences in survival of the

various DES-treated groups, both with and without X irradiat ion. Holtzman

* A synergism is defined as an interaction of two agents to produce a result that exceeds the
sum of the results from each agent given separately.
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and co-workers (1981) also reported that the synergistic interaction between

estrogen and X irradiation in female ACI rats, shown previously for DES,

could also be extended to another estrogenic compound, 17-ethinylestradiol,

which is commonly used in oral contraceptive preparations.

In studying the mechanism of the estrogen-radiation synergism,

several of the authors cited above have pointed to the effects of DES on

the pituitary gland. For example, in DES-treated ACi rats, the incidence of

pituitary tumors was increased markedly as compared to non-DES-treated

irradiated rats or controls (Shellabarger et a l . , 1978). The development of

pituitary tumors was accompanied by marked increases in the plasma

prolactin levels (Holtzman et a l . , 1979b; Stone et a l . , 1980). Likewise, in

17-ethinylestradiol-treated ACI rats, plasma prolactin levels increased

markedly (Holtzman et a l . , 1981). Since DES-treated Sprague-Dawley rats

only showed a mild pituitary tumor and prolactin response (Shellabarger et

a l . , 1978; Holtzman et a l . , 1979b), these authors concluded that the

synergism between radiation and DES is, at least in part, a synergism

between radiation and prolactin (Shellabarger, 1981). The results of studies

by Yokoro et al. (1977,1980) support this contention. These authors

irradiated female Wistar/Furth rats with 14.1 MeV fast neutrons or 2 MeV

fission neutrons and subsequently transplanted prolactin-secreting pituitary

tumors in these rats from 25 days to 12 months following irradiation. A

distinct correlation between prolactin levels and mammary tumor formation

was found (Yokoro et a l . , 1930). Additionally, using this experimental

system, these authors again confirmed the higher RBE values (with

reference to X rays) for low doses of 2 MeV fission neutrons as compared

to 14.1 MeV fast neutrons (RBE = 50 and 1.0-2.8, respectively).

3.2 Experimental Data

Since the intent of this monograph is to place emphasis more on the

morphological aspects of rat mammary gland lesions, only selected aspects of

the data on crude and cumulative tumor incidences will be highlighted in

this chapter, so as to provide a general overview of the effects of

irradiation on mammary tumorigenesis in rats. Several more or less tentative

conclusions will be drawn, insofar as they relate to the aspects considered.

A thorough statistical analysis of these data, and a more extensive
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consideration of the dose-effect relationships, will be presented in other

publications (Broerse et a l . , in preparation).

The data discussed here are derived from rats of three strains which

were treated as described in Chapter 2. These data were obtained from

three of a series of separate experiments on radiation carcincgenesis of the

rat mammary gland which were carried out sequentially over a span of

approximately 8 years. The three experiments will be referred to as I, II

and I I I . Briefly, Experiment I examined the effects of single, whole body

irradiation at several dose levels of X rays and neutrons of three energies

(0.5, 4.2 and 15 MeV) in three strains of rats which were either intact,

with or without exogenous estrogen, or ovariohysterectomized, with or

without exogenous estrogen. In Experiments II and III fractionated doses of

X rays and 0.5 MeV neutrons were introduced in addition to single dose

irradiation, and only intact female WAG/Rij rats we 3 investigated. Some

groups ,"n these experiments also received estrogen implants. Each

experiment was initiated separately, and all animals within an experiment

were entered into the study in as short a time as feasible. The experiments

were carried out under conditions of animal husbandry and irradiation

methodology (described in Chapter 2) which were kept as closely identical

as possible. Nonetheless, in each experiment a temporal control group of

untreated rats was included, and these animals were moved to the

experimental animal rooms from the SPF-stock colony at the same time the

irradiated or hormonally manipulated rats were being treated. For the

studies performed on ovariohysterectomized or estrogen-treated rats,

positive controls were included, i.e. rats were castrated or implanted but

not irradiated.

The data on crude and cumulative tumor incidence presented in this

chapter are based on the number of rats necropsied in each group. The

number of animals lost due to severe autolysis and/or cannibalism can vary

from strain to strain, and among different experimental groups of the same

strain. For example, in Experiment I, an average of 15% of WAG/Rij rats,

17% of BN/BiRij rats, and 27% of Sprague-Dawley rats were not available for

histological examination because of autolysis. The starting number of rats in

each group is listed in the crude incidence tables. The autolytic rats in

each group and their ages at death are indicated on the survival curves.

Crude tumor incidences are shown for all mammary tumors, regardless

of type, and for four separate categories of tumors: 1) fibroadenomas;
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2) other benign mammary tumors including adenomas, fibromas, papillomas

and papillary cystadenomas; 3) carcinomas; and 4) other malignant tumors,

including carcinosarcomas and sarcomas. The diagnostic criteria for the

various types of mammary tumors included in these categories will be

detailed in Chapter 4.

The cumulative incidence curves were constructed according to an

actuarial or life table method as described in Chapter 2. In these curves,

incidence data are shown for two of the above-mentioned categories, i .e.

fibroadenomas and carcinomas, as well as for all tumors, regardless of type.

The individual curves terminate in the age interval in which the last

survivors died.

3.3 Crude Mammary Tumor Incidence Results

The crude mammary tumor incidences in intact, or ovariohysterec-

tomized female WAC/Rij rats in Experiment I , which were exposed to various

types and doses of radiation with or without estrogen, are listed in

Appendix Tables A .1 -A .4 . The data for BN/BiRij rats from Experiment I

are tabulated in Tables A .5 -A .8 , and for Sprague-Dawley rats, in Tables

A.9-A.12.

Untreated control female WAC/Rij rats had a 27% spontaneous mammary

tumor incidence, to which carcinomas contributed the greatest part (19%).

Untreated BN/BiRij ra ts , on the other hand, had a spontaneous tumor

incidence half that of WAG/Rij rats (14%), of which only 3.6% was accounted

for by carcinomas. Control Sprague-Dawley rats had the highest overall

mammary tumor incidence (30%), but in this group only benign tumors, i.e.

mostly fibroadenomas, were found.

All doses of X irradiation increased the number of WAG/Rij rats with

fibroadenomas, but only the highest dose (4 Gy) caused a significant

increase in the number of rats with carcinomas (Table A . 1 ) . The mean

number of mammary tumors (all types) per tumor-bearing rat also increased

slightly with increasing dose of X irradiation (F ig .3 .1) . X irradiation

caus9d a marked dose-related increase in the number of BN/BiRij rats with

mammary tumors, accounted for almost entirely by fibroadenomas (Table

A .5 ) . The total yield of tumors, i.e. number of tumors per tumor-bearing

rat , did not increase appreciably above the control value of 1.0 (F ig .3.2) .

Sprague-Dawley rats likewise showed a significant increase in tumor
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incidence with increasing dose of X irradiat ion, again due largely to the

more frequent occurrence of fibroadenomas (Table A . 9 ) . The mean number

of tumors per tumor-bearing Sprague-Dawley rat increased only sl ightly as

compared to the controls (F ig .3 .3) .
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The effect of neutron irradiation on the crude mammary tumor
incidence in intact WAC/Rij females {Table A.1) was roughly similar for the
three neutron ent-gies: the number of rats with mammary tumors increased
with increasing dose in most instances, and this was largely due to the
more frequent occurrence of fibroadenomas. In most groups, the carcinoma
incidence did not differ appreciably from that of the controls. The mean
number of tumors per tumor-bearing rat showed a small but definite upward
trend in WAC/Rij rats irradiated with neutrons (Fig.3.1). In BN/BiRij rats,
neutrons had a similar dose-related effect on fibroadenoma incidence, and
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consequently on total mammary tumor incidence (Table A . 5 ) ; other tumor

types were found only rarely. The total tumor yield per rat showed only a

relatively mild increase in the highest dose groups (F iy .3 .2) . Sprague-

Dawley rats responded to neutron irradiation by showing a low to moderate

increase in the number of malignant neoplasms in some groups, and a more

prominent increase in fibroadenoma incidence, which1 did not appear entirely

dose-related in every instance (Table A . 9 ) . The net result was an

increased overall tumor incidence, which was not accompanied by an

increased tumor yield per rat , however (F ig .3.3) .
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The effect of estrogen administration to the intact rats, irradiated

as before, was remarkable, and is shown in Tables A.2, A.6 and A.10. In

general, the estrogen treatment increased the number of carcinoma-bearing

rats in all three strains, but in the following order: WAG/Rij > Sprague-

Dawley > BN/BiRij. This strain difference is also evident in Figures 3.1 to

3.3, in which the relative proportion of malignant neoplasms (predominantly

carcinomas) to the total numbers of mammary tumors in the various groups

is shown. Thus, not only did the mean number of tumors per tumor-bearing

rat increase most markedly in estrogen-treated (intact or ovariohysterec-

tomized) WAG/Rij rats as compared to the other two strains, but also the

relative proportion of malignant to benign neoplasms increased most

persistently in the estrogen-treated WAG/Rij rats relative to the other two

strains. Sprague-Dawley rats, in general, showed an intermediate response

to estrogen treatment and BN/BiRij rats the least response. Assessment of

the effects of the hormone in some groups of BN/BiRij rats must be made

with caution, however, due to the small numbers of tumors observed.

The data on the relative proportions of different neoplasms has been

summarized in slightly different form in Table 3.1 for the various radiation

dose groups combined. In this table, the ratio of rats developing fibro-

adenomas (representing most benign tumors), to those developing carci-

nomas (representing most malignant tumors), regardless of whether they

developed more than one category of tumor or more than one tumor of the

same category, is shown. It is evident from Table 3.1 that irradiated

WAG/Rij rats had the lowest ratio of fibroadenomas to carcinomas, BN/BiRij

the highest, and Sprague-Dawley rats occupied an intermediate position.

After treatment with estrogen, the ratios decreased markedly in all three

strains, although they retained their respective positions in the sequence

noted above. No differences in the ratios were seen between intact or

castrated rats exposed to radiation and estrogen. When the irradiated

groups are compared to the nonirradiated ones, it appears that exposure to

radiation increased the ratios in favor of the fibroadenomas. In the

nonirradiated groups without estrogen, WAG/Rij rats had a lower ratio of

fibroadenomas to carcinomas than, at least the BN/BiRij rats. A ratio could

not be calculated for Sprague-Dawley rats because no carcinomas were

found in that control group. Likewise, in the nonirradiated, estrogen-

treated and ovariohysterectomized rats of the three strains no fibroadenomas

were found, resulting in ratios of zero. Comparing the values for non-
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irradiated rats, it appears that WAC/Rij rats again had a low ratio of
fibroadenomas to carcinomas, which decreased further when these animals
received estrogen implants. The position of the <:*• er two strains in the
sequence mentioned above is uncertain due to the lack of appropriate data.

TABLE 3.1 RATIO OF RATS WITH FIBROADENOMAS TO

RATS WITH CARCINOMAS (Experiment I)

R a t S t r a i n

Treatment

Irradiation

Irradiation H

Irradiation H

Irradiation H

None

OVH
E2
E2 + OVH

y OVH b

- E2

- E2 + OVH

1
1

0

0

0

0

WAG/Rij

.74 ± 0.25a

.0 ± 0.6

.34 ± 0.04

.36 ± 0.03

.43 ± 0.28

-

.18 ± 0.13

0

BN/BiRij

17.8 +

-

1.92 ±

2.25 ±

3 +

-

-

0

7.

0.

0.

3

9

61

72

Sprague-Dawley

8.

0.

0.

0

0 ±

8 ±

83 +

89 +

-

-

.5 +

0

1
8
0

0

0

.9

.11

.12

.5

a Ratio of rats with fibroadenomas to those with carcinomas, ± SD.
b Abbreviations used: E2, implanted with estradiol-17p pellets;

OVH, ovariohysterectomized.

The marked protective effect of ovariohysterectomy on radiation-
induced mammary tumorigenesis in the three rat strains is illustrated in
Tables A.3, A.7, and A.11. Of the three strains, castrated Sprague-
Dawley rats showed the greatest tendency to develop mammary tumors
following irradiation, although the incidences were not significantly different
from the controls. The administration of exogenous estrogen to castrated
rats fully restored their mammary tumor-forming capacity to levels
comparable to those seen in intact estrogen-treated rats. Those results are
shown in Tables A.4, A.8, and A.12. The tumor yields per rat with 'his
treatment schedule showed the greatest increases in the WAC/Rij - . .on



(Fig .3.1), in many cases exceeding that for irradiated intact rats given

estrogen. In the other two rat strains this effect was not observed

(Figs.3.2 and 3.3).

The crude tumor incidence results of the experiments on the effects of

fractionated irradiation in intact WAC/Rij rats are presented in Table A.13.

Experiments II and 111 were designed to complement each other, and two

groups of irradiated rats (2 Cy single dose X rays and 0.2 Cy single dose

0.5 MeV neutrons) as well as the control groups, were duplicated in the

two experiments. Since the tumor incidences in these respective groups are

not significantly different from each other, the data from the replicate

groups are pooled and the results of the two experiments are shown

together in Table A.13. The crude mammary tumor incidence data obtained

in the untreated control WAG/Rij rats from Experiments II and 111 are listed

separately in Table A. 11, along with the results of the control group from

Experiment I, which is included for comparison. Since there were no

significant differences among the groups as far as the crude incidences for

the various tumor categories are concerned, it can be concluded that this

rat strain remained relatively stable from the standpoint of spontaneous

mammary tumor development over the period of approximately 8 years in

which these experiments were conducted. This finding would indicate that a

comparison of the results of the experiments conducted at different time

periods is justified.

The overall tumor incidence following exposure to a total dose of 0.2 Cy

of X rays given in 10 equal fractions at monthly intervals was significantly

increased when compared to the control value (Table A.13). The number of

rats in this group with fibroadenomas and carcinomas was also increased as

compared to the controls, although the difference was not significant. When

this group is compared to female WAC/Rij rats receiving a single dose of

0.25 Gy of X rays (Experiment 1, Table A.1), only minor differences were

seen which were not statistically significant. Similarly, in the group

receiving the fractionated irradiation, the mean number of tumors per rat

did not differ from that seen in control animals (Fig.3.4), although the

proportion of malignant neoplasms was slightly higher in the former group.

The tumor incidences in rats irradiated with 2 Cy of X ><J/S, either in

a single exposure or in various fractions or fraction intervals, did not

differ markedly from each other, although they were significantly elevated

when compared to control values (Table A.13). The mean number of tumors



per rat (Fig.3.1) was also similar among these groups, and each was higher

than that found in controls. The relative proportion of malignant neoplasms

was similar to, or slightly lower than that seen in controls. The group

irradiated with 4 Cy of X rays in five equal fractions (Table A.13)

developed fibroadenomas and carcinomas with a comparable frequency to the

group receiving a single dose of 4 Cy of X rays (Table A . I ) . These tumor
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Fig, iA Mean number of mammary tumors (all types) per tumor-bearing intact
female WAC/Rij rat exposed to single dose or Crdctionated irradiation
and/or estradiol-17p (E2). Shaded portion of bar indicates the relative
contribution of malignant neoplasms (predominantly carcinomas) to the total
number; unshaded portion represents benign neoplasms (predominantly fibro-
adenomas). The total number of mammary tumors in each group is indicated on
the bar.



incidences were not significantly different from those in the groups

irradiated with 2 Gy mentioned above, however. On the other hand, the

mean number of tumors per rat was slightly higher in the group irradiated

with a total dose of 4 Gy of X rays in five fractions than in the groups

receiving 2 Gy of X rays in single or fractionated doses (Fig.3.4).

In the 0.5 MeV neutron-irradiated groups, administration of the dose

of 0.2 or 0.3 Gy in fractions did not appear to influence the number of rats

with tumors with respect to the group irradiated with a single dose of 0.2

Gy neutrons. Likewise, the mean number of tumors per rat was similar for

the various neutron-irradiated groups (Fig.3.1).

The exposure to exogenous estrogen increased the tumor incidence in

general, primarily as a result of increased numbers of rats with carcinomas,

as compared to the comparable groups without hormones. In addition, in the

estrogen-treated groups, the mean number of tumors per tumor-bearing rat

tended to be greater than in those not receiving estrogen (Fig.3.1), with

the exception of the group receiving 10 fractions of 0.1 Gy of neutrons

each. It is interesting to note that a single dose of 2 Gy of X rays in

estrogen-treated rats resulted in the same mean number of tumors per rat

as a total dose of 4 Gy X rays given in five fractions to animals without the

hormone, although the relative contribution of malignant neoplasms to the

total number of tumors was higher in the former group than in the latter

(Fig.3.4).

The survival curves and cumulative incidence plots for a) fibro-

adenomas, b) carcinomas, and c) all mammary tumor types taken together,

are presented in Appendix Figures A.1 to A. 19 for a selected number of

experimental groups. This mortality independent, or life table, method of

tumor incidence evaluation is shown to illustrate some general tendencies in

the relationships between absorbed dose of ionizing radiation and age at

death with a specified category of mammary neoplasm. This type of analysis

provides a more accurate picture of the tumorigenic effects of the different

types and doses of irradiation and/or hormone administration in the rat

strains employed than does the final crude tumor incidence data. However,

the more rigorous analyses of dose-effect relationships were performed on

actuarial incidence data derived by closely related procedures, as will be

discussed in the following section.

The cumulative tumor incidence data from ovariohysterectomized

irradiated rats are omitted in this section, since the frequency of mammary



neoplasms was markedly reduced in these animals, as was shown in the

crude incidence tables. Also, since the tumor incidence data obtained in

estrogen-treated ovariohysterectomized rats closely paralleled that obtained

in their intact counterparts, examples from only the latter groups are

shown.

In general, the survival curves for irradiated animals show a forward

shift in time roughly proportional to the absorbed dose of radiation. This

can be seen in the example shown in Figure 3.5, which depicts the survival

of WAC/Rij rats irradiated with 0.5 MeV neutrons. This dose-related for-

ward shift of the survival curves is less marked in irradiated animals

administered estrogen as compared to those not receiving the hormone,

especially at the lower irradiation dose levels (see, for example. Figs.A.5 to

A. 8). In addition, the nonirradiated estrogen control groups show a

markedly decreased survival as compared to the control groups not

receiving estrogen, in a number of instances, the survival curves of the

nonirradiated estrogen control groups of each of the three strains are

superimposed on those of the low dose irradiated rats administered the

hormone.

The cumulative tumor incidence plots show more or less distinct

increases in tumor incidences related to increasing levels of absorbed

radiation dose. In addition, a general forward shift of the cumulative

incidence curves as a function of increasing dose is also seen. In other

words, rats were dying earlier with the specified tumor witii increasing

radiation doses when compared to controls, even though, of some cases, the

control incidence was similar to or . xceeded that of some of the irradiated

groups of rats at later time intervals.

It can also be stated that, in a number of cases, the cumulative tumor

incidence curves of e .g . , the X-irradiated and 0.5 MeV neutron-irradiated

rats, show similar temporal patterns despite several-fold differences in total

absorbed dose. No further attempt to derive dose-effect relationships will

be made on these curves, however, since this was done by other methods,

as will be discussed below.

Strain differences are again evident from the data in the cumulative

incidence plots. For example, WAG/Rij rats, (Figs.A.1 and A.2), in general

had higher cumulative carcinoma incidences and lower fibroadenoma inciden-

ces than did BN/BiRij (Figs.A.9 and A.10) and Sprague-Dawley rats (Figs.

A.13 and A.14) for most comparable dose levels of the different types of
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irradiation. In addition, the cumulative fibroadenoma incidence curves

tended to rise at earlier age intervals in BN/BiRij and Sprague-Dawley rats

than in WAC/Rij rats.

Estrogen administration to irradiated WAC/Rij rats (Figs.A.5-A.8)

induced an increased incidence of carcinomas, as already mentioned pre-

viously, and the cumulative incidence curves rise more sharply and at an

earlier age than do the corresponding curves for those not receiving

estrogen (Figs.A.1-A.4). Estrogen administration caused a modest increase

in the cumulative carcinoma incidence in irradiated BN/BiRij rats (Figs.A. 11

and A.12) and a more prominent increase in Sprague-Dawley rats (Figs.A.15

and A. 16) as compared to their respective nonestrogen-treated

irmdiated counterparts. In these two strains as well, the carcinoma

incidence curves also began to increase at earlier age intervals in estrogen-

treated rats than in the nonestrogen-treated ones.

Similar types of dose-related cumulative incidence patterns as

discussed above were seen in the groups of WAC/Rij rats irradiated with

single and fractionated doses of X rays and 0.5 MeV neutrons as shown in

Figures A.17-A.19. The delivery of equal total doses of radiation in a

number of fractions at various predetermined intervals appeared not to

influence the cumulative tumor incidence patterns as compared to single

dose exposures. The only exception was the group receiving 2 Gy of X

rays in a single dose (Fig.A. 17), which showed an increased cumulative

fibroadenoma incidence at all age intervals as compared to the groups

receiving the same dose in equal fractions. The carcinoma incidence was

similar to that seen in the other groups, however.

3.4 Dose-Effect Relationships

A part of the data from the experiments presented in this chapter

were used to derive dose-effect relationships, and these have been publ ish-

ed previously (van Bekkum et a l . , 1979; Broerse et a l . , 1978, 1982).

Broerse et a l . (1982) expressed the data in terms of "probabil i ty of

surviving without evidence of tumor", P ( t ) , which was calculated by the

life table analysis of Kaplan and Meier (1958). This method of analysis is

essentially the inverse of the cumulative incidence method of Cutler and

Ederer (1955), although by the Kaplan-Meier method, the data are not

examined per time interval , but instead per event. In this case, the event

is the time of appearance of a tumor rather than the time of death, as in
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the former method. The "actuarial iricidence" was calculated from the pro-

portion of rats surviv ing without the specified tumor category as 1-P(t)

(Broerse et a l . , 1982). An example of this type of analysis is shown in

Figure 3.6 for fibroadenomas and carcinomas in 0.5 MeV neutron- irradiated

WAG/Rij rats. A survival distr ibut ion function according to Weibull (1951),

also used to describe other radiobiological dose-effect relations (Campos,

1975), has been f i t ted to the step-function Kaplan-Meier plots shown in

Figure 3.6.
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Fig. 3.6 Probability of surviving without evidence of fibroadenomas (A) or
carcinomas (B) in female WAG/Rij rats after irradiation with 0.5 MeV
neutrons. Arrow indicates time of irradiation.



Using the actuarial survival data with the f i t ted Weibull d istr ibut ions,

Broerse et a l . (1982) derived dose-effect relationships by two related

procedures. First , the proportions of animals surviving without known

tumor of specified category were compared at a time when none, or only a

small number, of control rats had developed a tumor, i .e. at 22 months of

age. The data for the actuarial incidence at this specific age as a function

of radiation dose are shown for fibroadenomas in WAC/Rij rats (F ig .3 .7) ,

carcinomas in WAC/Rij rats (Fig.3.8) and fibroadenomas in Sprague-Dawley

rats (F ig .3 .9) . Second, since the probability curves showed a forward shift

in time with increasing absorbed dose, the dose-effect relations for this

parameter at a specified level of actuarial incidence can be compared. This

type of analysis is shown in Figure 3.10 for fibroadenomas in WAC/Rij rats

at a 2\)% level of actuarial incidence.

The dose-effect relationships derived by the two above-mentioned

methods exhibit marked similarities in shape, in that the curves for

actuarial incidence and forward shift in time as a function of absorbed dose

for carcinomas in WAG/Rij rats following irradiation with X rays and 0.5

100-,

l J
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absorbed dose ( G y )

Fig. 3.7 Actuarial incidence (at 22 months of age) of fibroadenomas in
irradiated female WAC/Rij rats as a function of absorbed dose. (The error
bars in this and subsequent figures refer to standard deviations calculated
as the square root of the variances derived from the life table analysis).
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Fig. 3.8 Actuarial incidence (at 22 months of age) of mammary carcinomas in
irradiated female WAC/Rij rats as a function of absorbed dose.
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Fig. 3.9 Actuarial incidence (at 22 months of age) of fibroadenomas in
irradiated female Sprague-Dawley rats as a function of absorbed dose.
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Fig. 3.10 Forward shift in time at a 20% level of actuarial incidence for
fibroadenomas in irradiated female WAC/Rij rats.

MeV neutrons, are parallel on a log-log plot (data not shown). The small
number of carcinomas observed in Sprague-Dawley and BN/BiRij rats did
not permit the derivation of dose-effect relations for the incidence of this
category of neoplasms.

Based on these analyses, Broerse et al. (1982) estimated the RBE
values for 0.5 MeV neutrons in the three rat strains (Table 3.2). For
carcinomas in WAG/Rij rats, a maximum RBE value of 11 is indicated by the
data. For fibroadenomas, RBE values ranged from 5 to 25 in the three
strains. These values are lower in general than those observed by other
investigators for neutron beams of comparable energy, as outlined in the
introduction, and only the RBE values for benign tumor induction appeared
to increase with decreasing neutron doses. The RBE for carcinomas,
derived only for WAC/Rij rats, was identical for neutron doses of 0.05 and
0.2 Gy.

The experiments comparing the effects of fractionated versus single
dose irradiation in WAG/Rij rats tend to indicate that for equal total
absorbed doses, carcinomas developed at approximately the same age with
both types of irradiation schedules. Additional studies are necessary to
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TABLE 3 .2 RBE VALUES FOR MAMMARY TUMORIGENESIS

IN INTACT FEMALE RATS

Rat
Strain

WAG/Rij

BN/BiRij

Absorbed
of 0.5
Neutrons

0.05

0.2

0.C5

0.2

Sprague-Dawley 0.05

0.2

dose
Mt-V

(Gy) Actuarial

Fibroadenomas
+ other benign

neoplasms

25

10

12

7

5
5

Incidence

Carcinomas

14

14

_

-

-

RBE

Forward

Fibroadenomas
+ other benign

neoplasms

20

10

-

-

Shift

Carcinomas

9

9

_

-

-

determine whether this may be due to a higher efficacy of the fractionated
irradiations, or to a change in susceptibility of the animals to mammary
carcinogenesis during the first year of life.

3.5 Conclusions

As mentioned previously, only a limited analysis of the data obtained
in the various experiments has been presented in this chapter. Only those
aspects were considered which could provide a general outline of the effects
of irradiation and/or hormone treatment in the three rat strains, and
detailed analyses will be presented elsewhere (Broerse et a l . , in
preparation). However, based on the data presented, the following
conclusions seem warranted:

1. Considerable strain differences exist when comparing the susceptibility
of WAG/Rij, BN/BiRij and Sprague-Dawley rats to the induction of
mammary neoplasms by radiation.

2. Mammary neoplasms in nonirradiated control rats were found at the
earliest in animals dying in or beyond the 18-24 month age interval.
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3. In the irradiated groups without estrogen, mamnary tumors were found

in rats dying in the 12-18 month age interval, and in parallel groups

receiving estrogen, animals with tumors were found in the 6-12 month

interval.

4. Similar tumor induction patterns were observed in intact estrogen-

treated rats as in ovariohysterectomized estrogen-treated rats.

5. The number of tumors per tumor-bearing rat increased with increasing

dose in WAG/Rij rats only; in the other two rat strains, differences

were equivocal or occurred only at the highest doses of irradiation.

6. The ratio of rats developing fibroadenomas to those developing

carcinomas differed considerably among the strains. In irradiated rats

of all three strains, estrogen treatment induced a marked increase in

the relative frequency of carcinomas.

7. The RBE of 0.5 MeV neutrons for induction of mammary carcinomas in

WAG/Rij rats is calculated to be 14, whereas the RBE for benign

mammary tumor induction ranges from 5 to 25 in the three strains.

Moreover, only for the induction of benign tumors, and not for

carcinomas, did the RBE increase with decreasing doses of neutrons.

8. Fractionated irradiation did not significantly alter the number of

WAG/Rij rats with tumors or their ages at death, when compared to

those receiving an equal total dose in a single exposure.
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CHAPTER 4

NORMAL ANATOMY AND PATHOLOGY OF THE

RAT MAMMARY GLAND

4.1 The Normal Mammary Gland

A great deal of information has been published since the early part of
this century on the pathological anatomy of the mammary glands of the
female rat. Similarly, the anatomy and histology of the normal mammary
gland has not been neglected, although this area received additional
scrutiny more recently as the result of interest in the earliest detectable
morphological changes following exposure to various carcinogens. It is the
purpose of this chapter to briefly review the normal anatomy of the rat
mammary gland, and subsequently discuss the pathological changes in
somewhat greater detail.

4.1.1 Anatomic Considerations

The mammary glands are specialized accessory glands of the skin whose
function it is to secrete a fluid which serves as nourishment for newly-born
offspring. These glands constitute one of the distinguishing characteristics
of animals in the class Mammalia. The rat has six pairs of mammary glands
distributed along the so-called mammary, or milk, lines which extend along
the ventral body wall in a craniocaudal direction on either side of the
midline from the axillary space to the inguinal region (Astwood et a l . , 1937;
Hebel and Stromberg, 1976; Young and Hallowes, 1973). The mammary
glands of the female rat are characterized as flat sheets of tissue which
partially envelope the body wall to an extent which depends upon the age
of the animal and the functional status of the glands. The locations and
approximate outlines of the six pairs of mammary glands in an adult
postparturient female WAG/Rij rat are shown in Figure 4.1.
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Fig. ^.1 Location ant) approximate outline of the six pairs of mammary
glands in an adult postparturient female WAG/Rij rat. Portions of glands
extending away from the body represent reflections onto lateral body wall.

The first pair, or cervical mammary glands, are located in the ventral

cervical region, and, when fully developed, extend cranially to the parotid

and mandibular salivary glands, and laterally onto the cranial and medial

aspects of the proximal forelimb. Caudally, on the ventral thorax, they

abut the second pair of mammary glands. The second and third pairs of

glands, or cranial and caudal thoracic glands, together extend from the

axillary space to the costal arch, with a variable zone of overlap where the

two fr.iirs adjoin. When fully developed, these glands extend medially to the



level of the costochondral junctions ,and laterally partway onto the lateral

thoracic wall. The fourth pair of glands, the abdominal mammary glands,

extend from the nid-abdominal region posteriorly approximately to the level

of the stifle where they overlap with the first pair of inguinal mammary

glands. Laterally, the abdominal mammary qlands fan out to cover the

ventrolateral aspect of the abdominal wall. The fifth and sixth pairs of

glands, the cranial and caudal inguinal mammary glands, as a unit extend

from the midventral abdomen caudally to the perianal region. In the pubic

region, they are in close approximation, often fusing along the midline, and

laterally they extend a variable distance onto the medial aspect of the

thighs. There is no sharp line of demarcation between the fifth and sixth

glands on either side.

As noted above, there is a degree of overlap between certain glands,

especially between the second and third glands and between the fourth and

fifth glands. This overlap is most conspicuous in the adult female during

lactation as a result of physiological hyperplasia, and also in hormonally

induced hyperplasia in virgin rats administered exogenous estrogens. It is

therefore not always possible to positively identify anatomically the gland in

which a neoplasm arises and it may be more appropriate to report results of

tumor localization in terms of the mammary quadrants involved. A mammary

quadrant includes the three cranial or caudal glands on either the left or

right side. In the present study, however, a tumor was considered to have

originated in the gland defined by the nearest nipple.

4.1.2 Histological Structure

The mammary glands are classified histological ly as compound

tubuloalveolar glands (Bloom and Fawcett, 1975). Since the histological

nomenclature of the mammary gland, whether it be human or rat , varies

considerably among authors, certain descriptive terms as used here will be

brief ly defined. The mammary glands are composed of an arborescent system

of ducts, at the ends of which are found the secretory portions of the

gland. In the mammary gland, the terminal secretory portions take the form

of irregularly branching tubules with numerous evaginations or outgrowths

from their walls and from their blind ends. In the resting state, the

tubules and their small outgrowths are collectively referred to as ductules

by some investigators ( e . g . , Wellings et a l . , 1975), and acini by others

(e .g . Azzopardi, 1979), whereas the term alveoli is often reserved for the
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terminal secretory units of the pregnant or laciating manmary gland. Other

authors use the term alveolus to refer to the terminal secretory unit

irrespective of the functional status of the mammary gland (Russo and

Russo, 1978a,b). In this monograph, the terms ductule and alveolus will be

used to refer to the terminal secretory unit, although the latter term will

signify dilated, secretion-filled terminal epithelial units, such as seen in

lactating glands. The ductules (or alveoli) form a compact cluster about a

small duct, the intralobular duct (also referred to as alveolar duct or

intralobular terminal duct), and this entire structure is defined as a lobule

or lobuloalvcolcr unit (Figs.4.2A, B, C, 1.6). The ducts between the

lobules are the interlobular ducts. The interlobular ducts from many lobules

unite to form larger ducts which, in turn, unite until a main lactiferous

duct is formed. In the female rat, a single main lactiferous duct, or

galactophore, passes through the nipple (Fig.4.2A). Within the nipple, the

Fig. <t.2 A. Mammary gland from an untreated 2 month-old female WAC/Rij
rat. The section is cut perpendicular to the plane of the skin surface,
showing the main lactiferous duct passing into the nipple. The edge of the
mammary fat pad is visible in the lower part of the photomicrograph.
(HPS, x <(0). B. Section of another mammary gland from the same rat as in A,
but cut parallel to skin surface. Portions of several interlobular ducts
and numerous lobuloalveol ar units are embedded in adipose tissue. Colla-
genous connective tissue envelops interlobular ducts. (UPS, x <(0)
C. Portion of interlobular ducts and lobuloalveolar units shown in upper
right of B. Most of the small tubular structures in the lobules are
alveolar buds differentiating into alveoli; terminal end bud is present in
lobule at lower left (arrow). Note the mild round cell infiltrate
surrounding epithelial structures. {HPS, x 170)
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main lactiferous duct widens slightly to form the nipple sinus (Fig.4.3)

which then opens onto the surface of the nipple by way of the nipple canal

(Hebel and Stromberg, 1976).

Mammary glands are also present in male rats, and are very similar

histologically to female glands. Important differences are that the main

lactiferous duct ends blindly near the epidermis and nipples do not develop

in male rats.

In the rat , the lobules and ducts of a mammary gland are embedded in

a pad composed mainly of adipose tissue, the mammary fat pad (F ig.4.2A).

Occasional septa of dense collagenous connective tissue course through the

mammary fat pad, whose function is presumably analogous to that of the

mammary ligaments in other species. The large- and medium-sized ducts are

invested with a well-developed sheath of collagenous connective tissue which

gradually thins out towards the distal portions of the glandular tree. The

Fig. 4.3 Lactating mammary gland from a 7 month-old untreated female
WAC/Rij rat on day 21 following parturition. The hyperplastic lobules are
composed of alveoli distended with secretion. Note the widened lactiferous
duct and nipple sinus. The nipple canal is not visible in this section.
(HPS, x 15)
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lobules are enveloped in a layer of connective tissue stroma which is

different morphologically from that which surrounds the ducts, and is

composed of plump fibroblasts, fine collagen fibers and abundant ground

substance. The individual alveoli are surrounded by only a few delicate

strands of connective tissue fibers and occasional fibroblasts. Other cell

types, including mast cells, lymphocytes, plasma cells and occasional

granulocytes, commonly are found scattered in the loose connective tissue

between lobules and ducts.

The ducts and alveoli are lined by cuboidal or low columnar secretory

cells which rest on a basement membrane. Interspersed between the

secretory epithelial cells and the basement membrane is a meshwork of

myoepithelial cells (Warburton et a l . , 1982). These cells form a continuous

layer between epithelial cells and basement membrane in resting glands and

a discontinuous one in the lactating rat mammary gland. There is evidence

that these cells synthesize the basement membrane which is continuous

around the entire ductal system (Warburton et a l . , 1982). The myoepithelial

cells, which possess contractile properties important in the ejection of milk

from alveoli and srmll ducts in response to oxytocin, are thought to arise

from the same undifferentiated stem cells in the duct parenchyma which also

give rise to the secretory epithelial cells (Radnor, 1972).

The proximal portion of the nipple sinus and the nipple canal are lined

by keratinizing stratified squamous epithelium. In the nonlactating gland,

the nipple canal is obliterated by a solid core of epithelial cells, whereas in

the lactating gland, a keratin plug seals the canal effectively protecting the

gland from the external environment.

4.1.3 Development

The postnatal development of the rat mammary gland has been

described by several investigators and their findings are based on

observations made both on whole mount preparations and standard light

microscopic sections (Astwood et al, 1937; Russo and Russo, 1978a,b,

1980a,b; Russo et a l . , 1979; Silver, 1953). Although male rats are not

considered fi rther in this monograph, brief mention will be made of their

manmary gland development for the sake of completeness. As noted in the

previous section, male rats possess mammary glands which resemble female

mammary glands in many respects. The development of mammary ducts
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during the first 3 weeks of life occurs at a similar rate in both sexes, and

is therefore independent of gonadal influence. The growth of the mammary

gland during the early period is said to be isometric, i.e. the surface area

of the glands increases in proportion to the increase in body surface. Early

in the fourth week, mammary gland growth in the female rat becomes

positively allometric, i.e. the surface area increases at a rate exceeding the

rate of body growth (Silver, 1953). The allometric growth continues in

virgin females until about 13 to 16 weeks of age, at which tine the rate of

comparative growth begins to diminish (Astwood et a l . , 1937).

In males, on the other hand, the growth of ducts ceases at about 8

weeks of age with the result that fewer and mo'-e irregular ductal

subdivisions are formed as compared to the female gland (Astwood et a l . ,

1937). Dense clusters of alveoli form along the sides and ends of the ducts,

contributing to the appearance of the small compact glands characteristic of

the adult male rat. Despite the fact that the main lactiferous duct ends

blindly in the male, the ductal and alveolar epithelial cells show evidence of

secretory activity, the cells being filled with secretory droplets and the

lumens containing a proteinaceous substance (Astwood et a l . , 1937; Richer

et a l . , 1978). This secretory activity declines with age, and ultimately the

ducts and alveoli are transformed into relatively solid cords and nests of

large acidophilic epithelial cells (Fig.4.4). Mammary glands of female rats

ovariohysterectomized at 1 weeks of age (Fig. 1.5) closely resemble the adult

male gland histologically. The ducts are solid, and are composed of large

acidophilic cells.

Russo and Russo (1978a,b) have carried out detailed studies on the

development of the mammary glands in outbred female Sprague-Dawley rats

from birth to adulthood, and the following description of the developmental

changes is based largely on their findings. Figure 4.6 illustrates the

development of a typical mammary gland in a composite diagram.

During the first week of life, the mammary gland is composed of a

single main lactiferous duct which branches into three to five secondary

ducts. The secondary ducts are relatively straight and narrow and end in

thickened, blunt-ended, club-shaped structures designated as terminal end

buds. The terminal end buds are composed of three to six layers of

epithelial cells with scanty cytoplasm and large oval nuclei. Mitotic figures

are common. At this stage, the branching ducts of a mammary gland spread

out over an area of about 3 mm in diameter. During the second and third

60



••M
€

Fig. k A Mammary gland from an 11 montn-oid male WAG/Rij rat. The ducts
and alveoTi are composed of solid, compact masses of epithelial
cells.(HPS, x 170)

/ , < - ' • . ; >•. • •

A'. * ?'\

Fig. 4.5 Mammary gland from a 12 month-old female Sprague-Dawley rat
ovariohysterectomized at 4 weeks of age. Note similarity to male mammary
gland in figure 4.*. (HPS, x170)
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lobules of pregnancy
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Fig. <t.6 Schematic diagram of a mammary gland of a female rat illustrating
sequential development of ductal system and lobuloalveolar units in a
clockwise direction starting at the lower right. Approximate ages at
different stages of development are indicated as 1, 1 week; 2, 2-3 weeks;
3, 3-A weeks; 4, 5-6 weeks. (Modified from Russo and Russo, 1978b, 1980a)

weeks of life, the ducts continue to branch and cover an area of approxi-

mately 5 mm in diameter. The extensive branching of the ducts and con-

comitant increase in the number of terminal end buds results in a peak den-

sity (number per unit area) of the latter by 21 days of age. Simultaneous-

ly, during this period numerous structures resembling terminal end buds,

designated lateral buds, emerge from the walls of the lengthening ducts.

After the age of 21 days, the termnal end buds and lateral buds undergo a

morphological change characterized by the development of multiple cleavages

resulting in the formation of thre'i to five smaller buds instead of the single

club-shaped precursor structure. These collections of smaller buds, termed

alveolar buds, are seen in histological sections as clusters of small tubules

composed of a single layer of cuboidal epithelial cells surrounding a lumen.

Mitotic figures are common, but less so than in terminal end buds. With the

increase in number of alveolar buds at this stage, the relative density of

terminal end buds in the glands diminishes. Alveolar buds continue to

increase in number with each successive estrous cycle, the first of which

commences at 5 to 6 weeks of age. After 9 weeks of age, alveolar buds

remain constant in number as long as pregnancy does not ensue.
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By about 6 weeks of age, at the initiation of the estrous cycle, the

mammary gland covers an area of approximately 15 mm in diameter. At this

stage, the alveolar buds undergo a proliferative change as the result of

further cleavage. Numerous small alveoli are clustered about a small duct

(the alveolar or intralobular duct) forming a lobule or iobuloalveolar unit.

Some lobules appear to form by the coalescence of several subdividing

alveolar buds located in close proximity to each other.

In the virgin rat, the development of lobules does not occur in all parts

of the gland simultaneously, their greatest density being in the proximal

part of 'he ductal tree (Russo and Russo, 1978a). By 9 weeks of age, the

terminal end buds remaining in the more distal parts of the gland have

gradually transformed into structures called terminal ducts. Terminal ducts

are smaller and thinner than terminal end buds and have empty wide

lumens. Their walls consist of a single layer of cuboidal epithelial cells

surrounded by a layer of myoepithelial -.ells. The number of terminal ducts

in the virgin rat remains constant after 10 to 12 weeks of age. By 12

weeks, most terminal end buds have either differentiated into alveolar buds

(and lobules) or changed into terminal ducts.

Pregnancy at an age of 7 to 8 weeks results in a massive differentiation

of most terminal end buds into alveolar buds. The alveoli in these alveolar

buds are larger in size ~~d number than those of virgin rats. These large

clusters of widely dilated, secretion-filled alveoli characterize the lobules of

pregnancy (Fig.1.3). The glands involute following weaning of the litter,

and reach the proportions of virgin glands within several weeks. Differ-

ences exist between virgin glands and post-weaning involuted glands,

however, in that the latter have almost no terminal end buds and three to

four times as many lobules as compared to the former.

Since the descriptions in the present stuu- are based on the exami-

nation of histological slides and not mammary whole mounts, the terminology

used in the ensuing sections will be simplified somewhat as compared to that

used by Russo and Russo (1978a,b) in describing the developmental

changes. As mentioned in Section 4.1.2, the terms ductule and alveolus will

be used to refer to the terminal secretory unit of the mammary gland, and

the former term may therefore encompass such structures as the terminal

end bud, lateral bud and alveolar bud, whereas the latter will refer to

dilated, secretion-filled terminal units. Lobule, or lobuloalveolar unit, will

be used to refer to a group of ductules or alveoli and their corresponding
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intralobular duct. The tern duct, by. itself, will be used in reference to the

arborescent system of tubes which carry the secretions to the nipple. The

descriptive tern tubule, or tubular, will sometimes be used in a general

sense to depict a hollow circular or elongated epithelial structure without

necessarily implicating its histogenetic origin.

Extensive analyses of DNA labeling indices and cell cycle times in the

various glandular structures mentioned above have been carried out by

Russo and Russo (1978a,b; 1980a,b) and the interested reader is referred

to their publications for details.

A discussion of the complex interactions of various hormones and neural

factors essential for mammary gland development, and the initiation and

maintenance of lactation is beyond the scope of this chapter. This subject

has been dealt with in a number of publications (Astwood et a l . , 1937;

Bassler, 1970; Hallowes et al, 1977; Rudland et a l . , 1977; Topper and

Freeman, 1980). Very brief mention of the primary hormones involved may

be appropriate, however.

The ovarian hormones, estrogen and progesterone, are apparently not

of influence in the isonetric phase of mammary development, since ductal

growth is similar in both sexes at this stage and irrespective of whether or

not the gonads are present. In the female mammary gland, allometric growth

cannot take place in the absence of the ovarian hormones. Estrogen is

primarily responsible for the growth and branching of the ducts, although

evidence exists that growth hormone may also act together with estrogen in

effecting ductal growth, at least in certain rat strains (Topper and

Freeman, 1980). Estrogen in concert with progesterone and the adeno-

hypophyseal hormone, prolactin, is necessary for the formation of the

alveoli. The further development that takes place in the normally cycling

nonpregnant rat mammary gland is the result of the periodic fluctuations of

these hormones in relation to the stage of the estrous cycle.

The maximal ductal and lobuloalveolar development of the mammary gland

that occurs during pregnancy is the result of the actions of not only

estrogen, progesterone and prolactin, but also growth hormone, adrenal

glucocorticoids, insulin and placental lactogens f Topper and Freeman,

1980). A role for thyroid hormones in the formation of alveoli in the rat is

uncertain at present (Topper and Freeman, 1980). The synthesis of milk is

inhibited by the high circulating levels of progesterone durinq pregnancy.

At parturition, when progesterone levels fall abruptly, the increased



secretion of prolactin together with adrenal glucocorticoids initiate milk

synthesis and secretion.

A neurohormonal reflex induced by suckling is responsible for the

continued secretion of prolactin necessary for the maintenance of lactation.

The sensory stimuli originating at the nipples act upon the supraoptic and

paraventricular nuclei of the hypothalamus to promote the release of

prolactin. The stimulus of suckling also acts via the hypothalamus to cause

the release from the neurohypophysis of oxytocin, which acts directly upon

the myoepithelial cells causing then to contract and eject milk from alveoli

and ducts.

U.2 Pathological Changes - A Classification

The pathological changes of the rat mammary gland can be divided into

two broad categories: nonneoplastic lesions and neoplastic lesions. The first

category includes the proliferative tumor-like lesions, the cystic changes,

and the inflammatory lesions. The second category includes the benign and

malignant neoplasms of epithelial, fibroepithelial or pure mesenchymal origin.

In comparison to the voluminous data available on the neoplastic lesions

of the rat mammary gland, relatively little attention has been paid to the

nonneoplastic lesions. Data on the frequency and morphology of such lesions

occurring spontaneously in untreated rats are lacking, and most

descriptions appearing in the literature concern lesions induced in rats with

chemical carcinogens (Beuving et a!., 1967; Fisher et al, 1975b; Yoshida et

a l . , 1980a,b) and hormones (Bassler, 1970; Ceschikter and Byrnes, 1942;

Mackenzie, 1955). Thus, Yoshida et al. (1980a,b) described several

different types of nonneoplastic lesions induced in Sprague-Dawley rats with

dimethylbenz(a)anthracene (DMBA). Tl.ese authors recognized several forms

of lobular and ductal hyperplasias, as well as gross and microscopic cystic

changes, which they collectively referred to as mammary dysplasias. Interest

in certain of these lesions as possible precursors of rat mammary neoplasms

has been expressed. Moreover, their purported resemblance to certain

human nonneoplastic or "preneoplastic" lesions (Cardiff et a l . , 1977)

warrants their further study.

Neoplasms of the rat mammary gland have been classified in a number

of different ways by different investigators (Bullock and Curtis, 1930;

Crain, 1958; Davis et a l . , 1956; Gardner et a l . , 1973; Komitowski et a l . ,

1982; Murad and von Haam, 1972; Shellabarger et a l . , 1957; Wright et a l . ,
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1940; Young and Hallowes, 1973). Some classifications consist essentially of

two categories: benign and malignant neoplasms (usually fibroadenomas and

adenocarcinomas). This simplified approach has the advantage that

morphological results of experiments are quickly scored and the effects of

different treatments on the induction of broad categories of mammary tumors

are readily assessed. Other classifications are more elaborate and extensive,

reflecting in part different features relating to the rat strain and type of

treatment being studied, as well as the interests of the investigator. This

manner of classification has the advantage that strain-related and

treatment-related differences in the histological types of tumors will become

apparent, and also a comparison of results from different laboratories may

be possible. Moreover, the more detailed and descriptive approach to

classifying rat mammary neoplasms enhances any potential comparative value

of the animal lesions being studied. Even with this type of approach,

various categories of tumors of a similar type may subsequently be

"lumped", if necessary, to simplify dose-effect analyses and to increase

statistical accuracy.

Regardless of whether one is a "lumper" or a "splitter", the following

quotation from a recent texc on human breast cancer (Azzopardi, 1979) may

be appropriate: "No classification is perfect, nor is it likely that it will

ever be. Any classification should be reasonably simple, easy to

understand, reproducible in the hands of different workers and as

comprehensive as is compatible with simplicity. All classifications depend on

our knowledge of the pathology and histogenesis of the tumors being

classified and, since this knowledge is far from perfect or complete, no

classification can be other than a reasonable working compromise."

In Table 4.1, a classification of nonneoplastic and neoplastic lesions of

the rat mammary gland is presented. It is based on the examination of

mammary gland tissue from female rats of three different strains and

different treatment histories, including untreated controls, as discussed in

Chapters 2 and 3. A total of 4,660 rats was available for study, and 2,978

mammary neoplasms were examined and formed the basis of the present

classification. Some categories of previous classifications are retained in the

present one because they constitute the most appropriate descriptive

terminology. Other categories represent combinations of previously used

terms since, on the basis of the present study, a further subdivision of

certain types of neoplasms exhibiting several closely-related histological

patterns was felt to be purely arbitrary. Finally, in the present
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classification, mammary carcinomas have been separated on the basis of

their growth characteristics, i.e. histologicel evidence of invasiveness or

noninvasiveness. This division was introduced in an attempt to appreciate

potential differences in biological behavior which may be strain- or

treatment-related. This additional information may serve to better

characterize this animal neoplasm which is used so extensively as a model

for human breast cancer.

TABLE 1.1 CLASSIFICATION OF NONNEOPLASTIC AND NEOPLASTIC

LESIONS OF THE RAT MAMMARY GLAND

I Nonneoplastic Lesions

A. Lobular hyperplasi..
B. Duct ectasia
C. Cysts
D. Atypical epithelial proliferation

II Neoplastic Lesions

A. Benign mammary tumors
1. Adenoma

a. Tubular adenoma
b. Secretory adenorra

2. Papillary tumors
a. Intraductal papilloma
b. Papillary cystadenoma

3. Fibroadenoma
a. Fibroadenoma NOS
b. Proliferative fibroadenoma

1. Fibroma
5. Miscellaneous

B. Malignant mammary tumors
1. Noninvasive carcinoma

a. Tubulopapillary carcinoma
b. Compact tubular carcinoma
c. Cribriform-comedocarcinoma

2. Invasive carcinoma
a. Tubulopapillary carcinoma
b. Compact tubular carcinoma
c. Cribriforn-comedocarcinoma
d. Anaplastic carcinoma

3. Carcinoma arising in fibroadenoma
4. Carcinosarcoma
5. Sarcoma
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4.3 Nonneoplastic Lesions

The most common nonneoplastic lesions of the rat mammary glands

recognized in this study were those characterized by either hyperplastic or

degenerative changes. Inflammation of the mammary glands in the absence of

other changes occurred rarely and is not included in the classification

presented in Table 1.1. Purulent mastitis as such was not observed in these

rats, although leukocytic infiltrates of varying intensity often accompanied

other lesions, such as duct ectasias, cysts and various types of neoplasms.

Such infiltrates were composed of neutrophils, or, more frequently, a

mixture of cells including lymphocytes, plasma cells, neutrophils and

occasional eosinophils. Infiltration of normal mammary glands by a small

number of round cells (lymphocytes and plasma cells) and occasional

qranulocytes was frequently seen. Mast cells were a common finding in

mammary glands, including normal glands as well as those with pathological

changes. These cells were especially conspicuous in certain epithelial

neoplasms in which a large number of mast cells permeated the connective

tissue stroma. Inflammatory lesions associated with the accumulation of

foamy macrophages were occasionally seen, but these also were more common

when other lesions, primarily duct lesions, were present. Focal or diffuse

ductitis, characterized by the periductal and intraductal accumulation of

foamy macrophages, was a common sequel to dilatation of ducts with

sequestration of secretory contents and destruction of the lining epithelium.

In some cases, the entire duct wall was replaced by an intense foam cell

reaction (Fig.4.7)

Lobular hyperplasia. This lesion was characterized by an increased

size of the lobules due to an increase in both the number and size of alveoli

(Fig.4.8). In general, the normal relationship between ductal and alveolar

epithelial cells, myoepithelial cells and stroma was retained. The alveoli were

filled with proteinaceous secretion and lipid droplets. The epithelial cells

lining the alveoli were cuboidal and one cell layer thick. Their cytoplasm

was often slightly basophilic and vacuolated. Granular, yellow-brown

iron-containing pigment, compatible with hemosiderin, was often seen in

secretory epithelial cells of hyperplastic lobules.

Lobular hyperplasia superficially resembled the physiological

hyperplasia of pregnancy and lactation as described in the previous section,

but differed from the latter in that the hyperplastic lobules were unevenly
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Fig. ^.7 Foam cell reaction composed of 1ipid-fi1 led macrophages replacing
part of mall of dilated duct in mammary gland from a 20 month-o?d female
WAC/Rij rat. (HPS, x 170)

%

Fig. 4.8 Lobular hyperpiasia in mammary gland from a 22 month-old female
WAC/Rij rat. Portion of i.^terlobular duct at right, leads to several hyper-
plastic lobules. (HPS, x 65)
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distributed and more variable in size âs compared to the relatively uniform

lobules in a lactating mammary gland. Sometimes extensive lobular

hyperplasia closely resembled an adenoma. In general, the more prominent

connective tissue septa around lobules and the lack of discrete nodule

formation were useful criteria in distinguishing between hyperplasia and

adenoma.

In some cases, the alveoli in the hyperplastic lobules were considerably

enlarged or dilated (Fig.4.9). For such cases, the diagnosis of cystic

lobular hyperplasia was more appropriate. Crossly, the cystic structures

filled with milky fluid were readily visible as large white spots against a

background of pale tan mammary gland tissue (Fig.H. 10).

Duct ectasia. Dilated ducts filled with secretion and necrotic debris

(Fig.4.11) were defined as duct ectasia. The interlobular ducts and

lactiferous ducts were the structures most often affected. As mentioned

above, the periductal stroma was often infiltrated by inflammatory cells, and

foamy macrophages were conspicuous especially when the duct lining became

disrupted. Fibrosis of the duct wall and periductal tissues was also seen in

association with inflammation.

Fig. 4.9 Cystic hyperplasia of several lobules in mammary gland f*am a IS
month-old WAC/Rij rat. Distended alveoli are filled with proteinaceous
secretion. (HPS, x 65)
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Fig. 4.10 Cystic lobular hyperplasia seen grossly as multiple white spots
embedded in mammary gland tissue. The three cranial pairs of mammary glands
are shown, with the submandibular salivary glands at the left (arrows), and
the location of the front legs shown by the indentations at the upper and
lower center. A lymph node is present in the mammary gland at the loner
right (arrow head). (Bar = 1 cm)

Fig. 4.11 Duct ectasia in mammary gland from a 20 month-old female WAC/Rij
rat. The dilated ducts contain proteinaceous secretion with a few small
mineralized concretions. Portion of duct at right center (arrow) has foam
cell reaction shown in figure 4,7. (HPS, x 25)
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Cysts. Thin-walled epithelial-lin-ed spaces, often rounded in outl ine,

were defined as cysts (Fig.4.12). These structures were variable in size,

many being large enough to be easily recognized macroscopically. Cysts

approximately 1 or 2 cm in diameter were occasionally seen. Cysts appeared

to arise from the alveoli within the lobule rather than from the larger

ducts. The cysts often contained an acidophilic secretory product and

sometimes laminated, partially mineralized, concretions. The lining epithelium

was simple cuboidal or flattened (Fig.4.12 Inset). In some cysts, the wall

was not smoothly contoured but showed multiple papillary ingrowths caused

by hyperplasia of the lining epithelial cells. Inflammatory cell reaction was

usually minimal in association with mammary cysts.

Atypical epithelial proliferation. This lesion was defined as an

irregular proliferation of epithelium within ducts or alveoli. The

proliferating cells formed small papillary structures, arches, solid nests or

plaques extending into the lumen from the epithelial lining (Figs.4.13,

4.14). This lesion occurred focally or in multiple sites within a mammary

gland. In ducts, the atypical proliferation of the lining epithelium was

usually accompanied by mild to moderate enlargement of the duct, and

clusters of ducts within a given area tended to be affected. Alveolar

Fig. '•.12 Multiple thin-walled cysts in mammary gland from a 20 month-old
female WAC/Rij rat. (HPS, x ifO)
Inset: Higher magnification showing low cuboidal epithelial cyst lining.
(HPS, x <tO0)
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Fig . 4.13 Portion of hyperpiast ic lobule undergoing atypical ep i t he l i a l
p r o l i f e r a t i o n characterized by formation of pap i l la ry project ions and focal
p i l i ng-up of c e l l s . The alveolar lumens are distended wi th secretion and
some l mf1ammatory c e l l s , and the ep i t he l i a l ce l l s contain prominent
vacuoles. Mammary gland from a 19 month-old female Sprague-Dawley r a t .
(HPS, x 170)

Fig. t . H Lobule wi th atypical p ro l i f e ra t i on in several contiguous a lveol i
in mammary gland from a 13 month-old female WAG/Rij r a t . Here the p r o l i f e r
at ing epithel ium forms so l id plaques as well as small pap i l la ry structures
along parts of the alveolar wa l l s . (UPS, x 170)
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structures with atypical epithelial proliferetion were also generally dilated or

cystic. Regardless of the structure in which it originated, the proliferating

epithelial cells were cuboidal to low columnar, and had basophilic cytoplasm.

Mitotic figures were often present.

4.4 Neoplastic Lesions

4.4.1 Benign Mammary Tumors

Most benign tumors of the rat mammary gland can be placed in one of

three histogenetic categories: 1} epithelial, 2) fibroepithelial, and 3)

fibrous. Tumors of epithelial origin include adenomas and the papillary

tumors; those of fibroepithelial origin are termed fibroadenomas, and those

of fibrous origin, fibromas. These different types of benign tumors can be

distinguished from each other, although there is morphological evidence that

some of them appear to constitute different parts of a single histological

spectrum, as will be further discussed below. Occasionally, benign

neoplasms not readily classifiable into these categories are encountered, and

one such case will be discussed under miscellaneous types.

Adenoma. Tumors composed of tightly packed epithelial structures are

termed adenomas. Grossly, these tumors were smooth or sliohtly lobulated,

spherical or discoid masses well-demarcated from the surrounding

subcutaneous tissues and normal mammary lobules. They ranged from

approximately 1 to 3 cm or more in greatest dimension. They were soft and

pliable or firm and tough, but generally less rubbery than the

fibroadenomas. Upon cutting, they had either a dry granular texture or one

of a spongy nature from which copious amounts of milky fluid exuded.

Histologically, two main types of adenoma could be discerned.

The first type, the tubular adenoma, was composed of small circular or

oblong ductules which were empty or contained a scant amount of

proteinaceous secretion . The ductules were either closely apposed to one

another throughout the entire tumor, with no more than a few fibers of

supportive connective tissue surrounding each ductule (Fig.4.15), or as

ductules arranged in a compact lobular pattern, each lobule being separated

from the other by narrow or prominent septa of fibrous connective tissue

(Fig. 1.16). The epithelial cells lining the ductules were generally very

uniform in appearance without evidence of cellular atypia (Fig.1.15). The



Fig. it.IS Tubular adenoma from a 39 month-old female WAC/Rij rat. The
ductules are lined by uniform foamy epithelial cells, and the lumen;,
contain a small amount of proteinaceous secretion. Connective tissue stroma
is inconspicuous save for a few thin septa. (HPS, x W O )

Fig. i(.16 Tubular adenoma in which large clusters of ductules are separated
by bands of connective tissue stroma forming a compact lobular pattern.
This neoplasm, from a 25 month-old female Sprague-Dawley rat, was 3 cm in
diameter, and showed this pattern throughout. (HPS, x <tO)
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cells were cuboidal, slightly acidophilic, and often slightly to moderately

vacuolated.

The second type of adenoma is the secretory, or "lactating" adenoma.

[•I this type, the closely apposed ductules, or alveoli, were widely

distended with secretion (Fig.4.17). The cells lining the dilated alveoli were

uniform in appearance and heavily vacuolaiod. Most alveoli were circular or

oval in outline, but alveoli of irregular outline with short incomplete septa

or papillary projections extending into their lumens were occasionally seen.

The latter were interpreted as resulting from rupture of the adjoining

partitions between neighboring distended alveoli. This type of change seen

focally in a relatively simple form in some secretory adenomas was seen in a

more complex fashion, accompanied by irregular epithelial cell proliferation,

in papillary cystadenomas (see below).

Adenomas, both tubular and secretory types, were well circumscribed

and clearly delineated from the adjacent normal tissues by a thin capsule.

The capsule was composed of compressed connective tissue fibers arranged

circumferentially around the tumor. In a few adenomas, a flattened lobule of

fibroadenonatous tissue was seen compressed against the periphery of the

mass, suggesting a histogenetic relationship between these two neoplasms.

In general, however, tumors classified as adenomas were characterized by

their overall histological uniformity and the absolute predominance of the

epithelial structures.

Papillary tumors. Two types of benign tumors exhibiting predominantly

a papillary growth pattern were recognized. Although these two tumor types

have in common the formation of papillary structures, their being

considered together here should not be taken to suggest an identical

histogenetic evolution. Indeed, whereas papillomas appeared to originate

within the larger ducts, papillary cystadenomas appeared to arise from the

small ducts and alveoli.

The papillomas seen in this series were not suspected grossly, and were

found on routine microscopic examination of mammary tissue. These tumors

originated in a lactiferous duct or the nipple sinus (Fig.4.18). They were

composed of arborescent fronds of fibrovascular stroma covered by

epithelium, and connected to the duct wall by a narrow or broad-based

stalk. The papillary fronds were complex structures containing numerous

tubular gland-like structures within their cores. The epithelium covering

the papillae was vacuolated, cuboidal to columnar and one cell layer in
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Fig. 4.17 Secretory, or "lactating" adenoma, in which the individual
ductuies are widely distended with secretion. Tumor from a 23 month-old
female Sprague-Dawley rat. (HPS, x 115)

Fig. *.18 A small papilloma within the dilated lactiferous duct of a 14
month-old female Sprague-Dawley rat. The tumor is attached to the duct wall
by a narrow stalk. (HPS, x 25)
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thickno^s. The supporting stroma was thin and relatively acellular, or

prominent and diffusely infiltrated by a mixture of inflammatory cells,

including mast cells. The dilated ducts containing the papillomas were

usually filled with proteinaceous secretion containing acidophilic globules

and concretions, and in some, numerous erythrocytes and hemoglobin

crystals were present.

Papillary cystadenomas were infrequently detected during the gross

inspection. More frequently, these tumors were evident on histological

examination as poorly circumscribed nodules embedded in hyperplastic,

cystic and secretory mammary glands. They were characterized by numerous

simple or multiloculated cystic glandular structures loosely aggregated into a

poorly defined tumor nodule (Fig.4.19). The individual cysts adjoined each

other, being separated by thin connective tissue septa. The epithelial lining

of the cysts was usually one cell layer thick. The cells were cuboidal and

amphophilic or basophilic. The luminal border of the cysts often had a

serrated appearance, caused by indentations in the cell surface by lipid

vacuoles present in the intraluminal secretion. The epithelial lining was

thrown into small folds, fungiform projections, complex arborescent papillae

and bridging trabeculae, the latter dividing the individual gland-like spaces

Fig. 4.19 Papillary cystadenoma showing cystic spaces which contain
epithelial-lined papillary projections. Tumor from a 19 month-old female
Sprague-Dawley rat. (HPS, x 50)
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into multiple compartments. The abundant intraluminal secretion often

contained concentrically laminated concretions.

Cystadenomatous lobules were present in some secretory adenomas, as

well as in certain fibroadenomas, as component parts of these tumors. In

some cystic lobular hyperplasias, foci of papillary epithelial proliferation

were apparent, which may represent a transformation to papillary cyst-

adenoma.

In most papillary cystadenomas, the epithelium formed relatively well

organized structures reflecting a neat, orderly arrangement of their

component cells. In some of these lesions, however, combinations of solid,

glandular and papillary structures arranged in a haphazard fashion were

found. Often, alterations in ceUular morphology and increased pleomorphism

accompanied such changes, mimicking certain features associated with

carcinomas. Such altered areas were recorded as focal atypia, although they

may, in fact, represent early malignant transformation. The distinction

between benign and malignant in these borderline cases depended upon the

extent of the change, and the degree of anaplasia, pleomorphism and mitotic

activity present.

Fibroadenoma. Benign tumors composed of varying proportions of

epithelium and fibrous connective tissue are termed fibroadenomas. These

tumors ranged in size from barely palpable nodules only a few mm in

diameter and found incidentally at necropsy, to large bulky masses 7 cm or

more in greatest dimension (Fig.4.20). Most fibroadenomas weighed about

Fig. ^.20 Cross appearance of a large fibrood noma in an inguinal mammary
gland of a 12 month-old female BN/BiRij rat.
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100 to 200 g when the rats were brought to necropsy, but, occasionally

larger fibroadenomas were found which weighed more than did the host

after removal of the tumor.

Fibroadenomas were spherical, ovoid, or discoid bosselated masses

usually freely movable in the subcutis. At times they were firmly adherent

to the underlying musculature or to the skin, especially when the latter was

ulcerated or inflamed clue to trauma. The tumors were firm and tough or

soft and rubbery and often difficult to cut. They were covered by a smooth

fibrous capsule which allowed them to be easily separated from the

subcutaneous tissues. The small fibroadenomas often did not have a definite

capsule, and they blended in with the connective tissue of adjacent

unaffected lobules. In many cases, several small contiguous

fibroadenomatous lobules could be seen to be coalescing in the process of

forming a larger mass. The cut surface revealed characteristic white to pink

lobulations, sometimes intermingled with firm solid areas of pearly-white

tissue (Fig.4.21). Solitary or multiple cysts filled with thick milky fluid

were sometimes present in these tumors (Fig. 1.22).

Fig. ^.21 Bisected fibroaOe"oma from a 37 month-old female BN/BiRij rat.
This tumor shows areas composed of small distinct lobulations, as well as
indistinctly lobulatfd homogeneous regions, both characteristic of fibro-
adenomas. (Bar - 1 cm)
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Fig. 4.22 Fibroadenoma containing numerous cysts, some of which still
contain thick, white secretion. The tumor, from a 12 month-old female
BN/BiRij rat, is attached to overlying skin. (Bar = 1 cm)

Histologically, fibroadenomas tended to be quite uniforn in structure

throughout. However, a feature of many fibroadenomai was the diversity of

structural patterns present, resulting from the varying proportions of

epithelium and fibrous connective tissue. Thus, these tumors ranged from

those composed almost predominantly of epithelial structures to those

composed almost entirely of fibrous connective tissue. Moreover, that this

diversity of patterns most likely represents various stages in a histolociical

spectrum becomes evident when one encounters all the possible pattern-

within a single tumor. For this reason, no attempt was made to subdivide

this group of tumors on the basis of a predominating component, but they

were classified simply as fibroadenoma NOS (Not Otherwise Specified).

Fibroadenomas in which atypical epithelial proliferation was a prominent

feature were considered to form a separate histologically definable entity,

and these will be dealt with below.

The type of fibroadenoma most commonly seen was one in which the

ductules, lined by a single layer of epithelium, were evenly distributed

throughout the tumor and were separated from each other by many con-
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centric layers of collagenous connective tissue fibers (Fig.4.23): the

so-called pericanalicular fibroadenoma. Moving toward one end of the

fibroadenoma spectrum, there were tumors in which the ductules were more

closely packed together (Fig.4.24). Such tumors superficially resembled

tubular adenomas, but differed from the latter in that each individual

ductule was surrounded by a definite cuff, albeit narrow at times, of

connective tissue fibers. At the other end of the spectrum, ductules were

widely separated from each other by broad bands of connective tissue

resulting in a scirrhous or sclerosing pattern. Continuing a step further,

extreme compression, attenuation and ultimate atrophy of ductules was

apparent (Fig.4.25) This appearance results from the relentless proliferation

of connective tissue at the expense of the epithelium. As mentioned above,

a single fibroadenoma may be composed of different lobules exhibiting this

entire range of patterns, intermingled with lobules devoid of an epithelial

component, and with adenomatous lobules, papillary cystadenomatous

lobules, and occasionally, normal mammary lobules. Other histological

variations encountered in fibroadenomas included multilayering of epithelium

in ductules, a prominent peripheral myoepithelial cell layer in some tumors,

increased basophilia of epithelium, and increased numbers of mitoses.

• n"
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Fig. <t.23 Fibroadenoma from a 24 month-old female WAC/Rij rat. The
connective tissue stroma is prominent and forms concentric layers around
the ductules, which are composed of a single layer of cuboidal epithelial
cells. (HPS, x 90)



Fig. k.2k A fibroadenoma in which the epithelial component predominates but
each ductule is still surrounded by a thin cuff of connective tissue
fibers. Tumor from a 22 month-old female WAC/Rij rat. {UPS, x 170)

•'W&mm

Fig. it.25 Another part of tumor shown in figure <i.24, in which ductules are
compressed and atrophic due to overgrowth of connective tissue stroma,
resulting in a sclerosing pattern. (HPS, x 170)
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Fig. <K26 Fibroadenoma from a 17 month-old female Sprague-Dawley rat in
which many ductules are widely distended with inspissated secretion.
(HPS, x 65)

The ductular lumens in fibroadenomas were generally small and either
empty or partially filled with a small plug of coagulated proteinaceous
secretion. In some tumors, the ductules were widely dilated and filled with
acidophilic material (Fig.4.26) which contained lipid vacuoles and laminated
concretions. T! is change sometimes involved the entire tumor, or only a few
lobules. Evidence of secretion was seen to a greater or lesser extent in
approximately two thirds of all fibroadenomas examined. Likewise, dilated
ducts, sometimes visible grossly as cysts filled with milky fluid, were not
uncommon in these tumors. In other fibroadenomas, prominent elongated
ducts were present which appeared as epithelial-lined clefts or fissures
within the tumors (Fig.4.27).

Inflammatory cells were generally absent from fibroadenomas, although
in some tumors, especially those in which the fibrous component
predominated, mast cells were conspicuous throughout the stroma. A foam
c,il inflammatory reaction involving ducts was occasionally seen, especially
in tumors with the secretory changes in ductules and ducts described
above. Whether this inflammation was the result of the weekly tumor
palpation and measurement performed on these rats is unknown. Infarcted
8A



Fig. 4.27 Fibroadenoma containing a cleft which represents a larger duct
within the tumor. Portion of duct can be seen to lead to fibroadenomatous
lobule in upper left. Tumor from a 24 month- old female WAC/Rij rat.
(HPS, x 65)

areas, sometimes associated with thrombosed blood vessels, were

encountered in some fibroadenomas.

It should be pointed out here that tumors classified in this study as

fibroadenoma NOS included not only those with various comoinations of the

patterns described above, but also those with areas of bona fide adenoma,

cystadenoma or fibroma. Placing such tumors composed of multiple discrete

types into a separate category was considered impractical for the same

reason that the various patterns of fibroadenomas were not classified

separately. The reason this was not done is that, histologically, most forms

of benign fibroepithelial tumors in the rat appear to be part of a single

spectrum, and only the "pure" adenoma and fibroma could be placed into

separate categories based on the criteria mentioned. It is possible that the

two last-mentioned tumor types in fact represent the extremes of the same

broad histological spectrum, but whether they are seprrate neoplastic

processes with different etiologies, either when occurring alone or in

combination with fibroadenoma. cannot be ruled out on the basis of this

study.
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Tumors classified in the subgroup termed proliferaiive fibroadenoma are

characterized by intraductular proliferation of epithelium. In its simplest

form, small papillary projections and small br idging septa were seen in most

ductules of an otherwise typical fibroade.ioma (Fig.4.28). In other tumors,

more complex changes were seen which were characterized by progressive

distention and f i l l ing of ductules by papillary infoldings (Fig.H.29), and

solid (Fig. t .30) and cribr i form epithelial prol i feration. Lengthening and

increased branching of ductules was evident in other tumors, and cellular

atypia and increased mitoses accompanied these changes in most cases.

Proliferative fibroadenomas with more extensive changes gradually

blended in with the changes regarded as carcinomatous transformation in a

fibroadenoma, suggesting that both these lesions probably represent

different stages of a continuum. Criteria such as degree of anaplijsia and

pleomorphism, number of mitoses and evidence of single cell invasion of

stroma were used to distinguish between these lesions.

Fibroma. As has been stated above, large expanses of fibrous

connective tissue separating epithelial elements, and indeed, entire lobules

devoid of epithelium, were not uncommon in tumors classified as

fibroadenomas. However, in this study the diagnosis fibroma is reserved for

those tumors composed entirely of collagenous connective tissue and arising

in the subcutaneous regions normally occupied by mammary glands.

; :? , f v ^ . ; : ' ? ; ;•' -.-
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Fig. <t,28 Proliferative fibroadenoma from a 18 month-old female Sprague-
Dawley rat in which some ductules contain small papillary projections in
their lumens. Several small round ductules are also present. (HPS, x 115)

86



Fig. *f.29 Proliferative fibroadenoma with more extensive epithelial pro-
liferation in the form of multilayering, papillary formations and cellular
atypia. Myoepithelial cells are conspicuous around most ductules. Tumor
from a 16 month-old female Sprague-Dawley rat. (HPS, x TtS)

**:..'&"&?*'?Z. •̂ •Vr.'

Fig. A.30 Proliferative fibroadenoma showing prominent multilayering of
epithelium and formation of solid plaque-like structures. Several mitotic
figures are present (arrows). Tumor from a 13 month-old female WAC/Rij rat.
(HPS, x 170)
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Grossly, fibromas were firm, rubbery spherical or discoid masses

ranging from approxinately 1 to 5 cm or more in greatest dimension.

Lobulation was sometimes evident on cut surface, although more often the

tumors were composed of a solid mass of white, semi-translucent fibrous

tissue. Histologically, the tumors were characterized by a more or less

cellular proliferation of fibroblasts with abundant deposition of collagen.

The connective tissue fibers tended to be arranged in whorls and short

wavy patterns (Fig.4.31), rather than in long broad interlacing fascicles

more characteristic of the common dermal or subcutaneous fibroma. Thus,

the histological pattern of the mammary fibroma mimicked the appearance of

the fibrous component of fibroadenomas. Indeed, it is possible that some

fibromas may have their origin in "sclerotic" fibroadenomas in which the

epithelium became severely atrophic and eventually "choked out" by the

unrelenting proliferation of connective tissue. However, a de novo origin

from mammary connective tissue in the absence of any participation by

epithelial structures seems equally as likely.

Infarction, as well as focal mineralization, was seen in some fibromas.

Few to numerous mast cells scattered between the connective tissue fibers

were seen in about half ot' the fibromas examined.

Fig. <*.31 Mammary fibroma showing arrangement of connective tissue fibers
in a whorled pattern. Tumor from a 20 month-old female Sprague-Dawley rat.
(HPS, x 170)
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Fig. <t.32 Adenolipoma from a 23 month-old female Sprague-Dawley rat. The
tumor is composed of relatively uniform ductules and adipose tissue.
(HPS, x 65)

Miscellaneous. Any benign mammary tumor not fulfilling the criteria of

the neoplasms described above is included in this category.
The only tumor type in this study meeting this qualification was an

uncommon neoplasm classified as an adenolipoma. Grossly, these tumors were
sharply demarcated from the surrounding tissues and resembled
fibroadenomas. Histologically, they consisted of approximately equal parts of
mature adipose tissue and uniform epithelial ductules (Fig.1.32). The two
components were intermingled in most areas of the tumors, but relatively
homogeneous fields of tubular adenoma adjacent to fields of fatty tissue
were also seen. The absence of preexistent adipose tissue in typical
adenomas and the judgment that the fatty tissue contributed significantly to
the bulk of the tumor led to the diagnosis of adenolipoma.

Tumors such as lipomas, hemangiomas and neurofibromas are not
included in this category since they are indistinguishable from those found
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in nonmammary skin sites. Such neoplasms are often included in classi-

fications of human mammary tumors because they can be more readily placed

within the confines of the hi'man breast than is the case in species such as

the rodent with its flattened and relatively poorly circumscribed mammae.

4.4.2 Malignant Mammary Tumors

In any study dealing with spontaneous or induced rat mammary tumors,

it becomes abundantly clear that a class of neoplasms exists which differ in

many respects from the benign tumors described in Section 4.4.1, but

specific criteria are necessary to reliably distinguish the two groups from

each other. As pointed out by Young and Hallowes (1973), criteria such as

gross appearance, growth rate, biological behavior, transplantability and

certain histological and cytological criteria may be used to distinguish

malignant from benign tumors. Based on this study, the gross appearance

of a tumor does not appear to be a useful criterion. Although the "typical"

fibroadenoma, with its soft rubbery texture, is distinctly different from the

"typical" carcinoma, which may be hard, granular and tough, or soft and

fluctuant (depending upon the amount of necrosis and cystic change

present), the great variations in patterns and coexistence of different

patterns within a single mass make this an unreliable criterion. Crowth

rate, likewise, is useful only when dealing in generalities: carcinomas often

grow more rapidly than do fibroadenomas, but exceptions to this statement

abound.

The biological behavior can refer to the conduct of a tumor locally,

such as compression or invasion of adjacent structures and the

consequences to the host thereof. The term is more frequently used,

however, in the context of indicating the metastasizing capacity of a tumor.

In the former sense of biological behavior, malignant tumors may differ little

from many benign ones in that both can grow to considerable size primarily

by expansion, causing incapacitation of the host, inanition and death. Death

may also result from infection secondary to traumatization of large tumors as

well as from anemia. The latter connotation, metastasis, which constitutes

an irrefutable criterion of malignancy, is unfortunately only rarely

applicable in the rat, due to the notorious characteristic of rat mammary

tumors to metastasize very infrequently. This issue will be discussed in

more detail in Section 4.6.2. Transplantability as corroboration of malignant

biological behavior is also not a valid criterion, since it has been shown

90



repeatedly that fibroadenomas and other benign tumors are readily

transplantable under appropriate conditions (see review by Foulds, 1975).

Certain widely accepted histological and cytological indicators remain as

the most useful criteria of malignancy in rat mammary tumors. These include

such features as degree of uniformity (or lack thereof) of the epithelial

structures formed in the tumor, and their resemblance (or lack thereof) to

the normal. The degree of cytological or functional differentiation of the

component cells forms an integral part of this concept. Invasion and

destruction of surrounding tissues is an important criterion supporting the

diagnosis of malignancy. Cytological features indicating malignancy include

cellular anaplasia, with increased nucleus/cytoplasmic ratios, nuclear

hyperchromasia, the presence of prominent nucleoli, increased number of

mitoses and the presence of abnormal mitotic figures. Prominent cellular and

nuclear pieomorphism are also important indicators. Comparing the

histocytological features of these tumors with those of neoplasms with

demonstrated metastases can aid in establishing reliable criteria of

malignancy.

In classifying the malignant epithelial tumors in this series, a

subdivision was made on the basis of presence or absence of invasiveness.

This was done in order to assess whether differences in potential biological

behavior may exist among different tumors, which may be strain-related or

treatment-related. Such a distinction may be of relevance in other studies

for identifying the relative carcinogenic potential of various agents,

including physical, chemical or biological agents. The presence or absence

of invasion was judged by examining the periphery of the tumor in

representative sections. It should be realized that the actual number of

invasive neoplasms may have been underestimated, since only a limited

number of sections (usually one to three per tumor) was examined.

However, in most of the malignant tumors studied, the histological

appearance of the tumor boundary appeared relatively uniform from one

portion of a tumor to another.

Noninvasive tumors were defined as those tumors having sharp,

"pushing" margins, with smooth, circular or nodular outline? The boundary

of tumors growing within a ductal structure was the intact thinly stretched

duct wall surrounded by the periductal connective tissue. The margin of

the compact tumors showed an abrupt change from neoplastic tissue to the

circumferential connective tissue fibers which formed a thin capsule.
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Invasive tumors, on the other hand, were defined as those showing

evidence of growth into blood vessels, lymphatics or perineural spaces, or

infiltrative growth by single cells or small clusters of cells into the

connective tissues, skeletal muscle fibers or derrnis around the periphery of

the tumor. Invasion of stroma within a tumor was not found to be a reliable

feature, since central scar formation, as well as the exuberant stromal

proliferation seen in some tumors, caujed separation and isolation of

individual epithelial structures which sometimes mimicked invasion. The

incorporation of compressed and elongated peripherally located ductules

within the connective tissue fibers of the capsule was not interpreted as

evidence of invasion, but was regarded as "pseudo-invasion".

The second aspect considered in classifying the carcinomas was the

histological or architectural pattern formed by the neoplastic cells. The

diagnostic terms used are intended to reflect the predominant histo-

morphological features of a neoplasm. Some tumors had a relatively uniform

structure throughout, but often several patterns coexisted within the same

tumor.

Finally, it will be apparent that a division of the rat manmary

carcinomas on the basis of topographic origin, i.e. ductal or lobular, was

not adopted in the present classification. These divisions are part of most

topographical histogenetic classifications of human breast cancer (Azzopardi,

1979; van Bogaert and Maldague, 1978; Haagensen, 1971; McDivitt et a l . ,

1968; WHO, 1982), although, as will be discussed further in Section 1.6.1,

such a distinction does not refer strictly to topographic origin (Azzopardi,

1979). The diagnostic terms ductal and lobulap carcinoma in man inextri-

cably include concepts of histological tumor patterns and such neoplasms are

characterized by different clinical features and different prognoses

(Haagensen et a l . , 1981) which warrant a careful distinction between the

two. In the rat, on the other hand, it has not been established that a

tumor sharing all the histological features of the human lobular carcinoma

(see Section 4.6.1) exists, and since little is known about the clinical

behavior of the various types of mammary carcinomas in this species, such

a topographical distinction may be purely arbitrary.
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Tubulopapillary carcinoma. A common type of malignant mammary neo-

plasm in this series of rats was the tubulopapillary carcinoma. These tumors

ranged from a few mm in diameter, and thus undetectable grossly, to

approximately 5 cm in greatest dimension. The tumors were either distinctly

separated from surrounding tissues and freely movable in the subcutis, or

they were attached to adjacent normal mammary glands, skin, musculature

or subcutaneous tissues. These tumors were generally smooth surfaced and

nodular. Their consistency could be firm and meaty, but nore often they

were soft and fluctuant. On cut surface (Fig.4.33), solid nodular white

tissue and pasty pink-grey tissue was often seen, the latter indicating

necrosis of tumor tissue. Foci and streaks of hemorrhage were also common.

In the solid areas, delicate striae were sometimes visible on close

inspection, and these sometimes had a whorled fingerprint-like pattern.

Many of these tumors were predominantly cystic, being characterized by

Fig. 4,33 Cut surface of mammary carcinoma from a 27 month-old female
WAC/Rij rat. This tumor was completely encapsulated and not invasive. On
close inspection, a delicate, whorled, fingerprint-like pattern is evident
in some areas. Foci and streaks of hemorrhage are also present. (Bar = 1
cm)
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Fig.^.3^ A wel1-encapsulated multiloculated cystic carcinoma from a 14
month-old female WAG/Rij rat. The tumor was fixed in situ and subsequently
bisected to show the granular friable neoplastic tissue
contained within cavities filled with dark coagulated bloody
fluid. (Bar = 1 cm)

multiloculated fluid-filled cysts which contained loosely attached fragments

of friable white tissue (Fig.4.34). Such tumors were distinctive grossly due

to their dark red-brown color, the bloody fluid contained within them being

readily visible through the capsule.

A compound name was given these tumors since histologically they were

characterized by varying proportions of tubular and papillary growth

patterns. One or the other pattern often predominated, but invariably both

components were present. Many of these tumors appeared to be contained

within a ductal structure, with the duct wall forming the tumor boundary

(Fig.4.35). In some, the lumen was completely obliterated by the neoplastic

epithelium, whereas in others, also recognizable grossly as being cystic,

fronds of tumor tissue were bathed in the fluid contained within the

enlarged duct. The tumor proper was composed of multiple branching

papillae of fibrovascular tissue covered by one or more layers of cuboidal to

columnar epithelial cells which were oriented perpendicularly to the

fibrovascular core (Fig.H.36). Many epithelial tubules could be found within

these papillae and in the more solid parts of these tumors (Fig.4.37).



Fig. 4.35 A noninvasive tubuiopapi1 lary carcinoma from a 13 month-old
female S^rague-Dawley ret. The papi1lary fronds are contained wi thin a
Yiirif>}j dilated epithelial-lined structure which forms the external boundary
ot the tumor. The nipple is at the upper left. (HPS, x 40)

Fig. **,36 Papillary growth pattern in a tubuiopapi 1 lary carcinoma from a 12
month-old female WAC/Rij rat showing delicate fibrovascular cores in
papillary fronds. Epithelial cells show mild pieomorphism and some are
vacuolated. (HPS, x 210)
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Fig. 4.37 Tubulopapi 11 ary carcinoma from a 15 month-old female WAG/Rij rat,
showing multilayered epithelial tubules and few papillary formations. The
cells are large and relatively uniform in appearance, and numerous mitotic
figures are present. (HPS, x 210)

The epithelial cells lining the papillae and tubules were generally

remarkably uniform in appearance (Figs.4.36 and 4.37). They varied t inc-

torially from basophilic to acidophilic, and they often contained empty

vacuoles. The nuclei were round to oval and located centrally or near the

base of the cells. The chromatin tended to be clumped and a single small

nucleolus was often present. Mitoses were common, sometimes exceeding

10-15 per high power f ie ld. In nearly all tumors focal atypia and cellular

pleomorphism was present to a small degree, but this was prominent in

some.

In addit ion, foci of squamous cells were seen in some tubulopapillary

carcinomas. This metaplastic change was usually multifocal but not

extensive. Sometimes large segments of a papilla or ductal lining showed

squamous changes, but generally only small portions of neoplastic tubules

were affected. The transition from neoplastic tubular epithelium to squamous

epithelium was abrupt , and the metaplastic cells were acidophilic, contained

basophilic keratohyaline granules and became progressively flattened toward
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the lumen. Keratin squames were seen, but well-developed squamous pearls

were rare.

The fibrovascular stroma of the papillae was usually inconspicuous

(Fig.4.36). In some tumors the stroma was more prominent, and this was

generally accompanied by a liberal mixed inflammatory cell infiltrate. Mast

cells were nearly always a conspicuous component of such infiltrates, which

also included lymphocytes, neutrophils and histiocytes, the latter often

packed with hemosiderin.

The noninvasive tubulopapillary carcinomas were either bounded to a

greater or lesser extent by a portion of the pre-existing epithelial structure

in which the tumor originated, or they abutted directly onto the fibrous

connective tissue stroma continuous with that of adjacent mammary lobules

and the surrounding subcutis. In invasive tubulopapillary carcinomas, the

infiltrating elements appeared as small tubules, cell clusters and individual

cells (Fig.4.38). Invasion of preexistent structures, such as subcutaneous

Fig. 4.38 Invasion of surrounding stroma in a tubulopapillary carcinoma
from a 41 month-old female WAC/Rij rat. Neoplastic tubules and small
clusters of cells are infiltrating the adjacent tissues. A diffuse mixed
inflammatory cell infiltrate is present around the periphery. (HPS, x 170)
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Fig. 4.39 Perineural invasion in tubulopapillary carcinoma from a 19 month-
old female Sprague-Dawley rat. Hyalinized connective tissue separates many
of the neoplastic tubules. (HPS, x 170)

nerves (Fig.4.39) and panniculus muscle (Fig.4.40) was sometimes seen.

Distant metastases were found in two rats with tubulopapillary carcinomas,

involving lymph nodes (Fig.4.41) in both cases. The tumors giving rise to

rnetastases were morphologically indistinguishable from nonmetast-oizing

carcinomas.

In assessing regional lymph nodes for the presence of mammary tumor

metastases, inclusions of normal or hyperplastic mammary tissue within a

lymph node (Fig.4.42) were encountered on several occasions. Such

inclusions were indistinguishable from normal or hyperplastic lobuloalveolar

structures, and, on serial sectioning, could be seen to represent mammary

tissue located within an indentation in the node, and separated from the

latter by a thin connective tissue capsule.
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Fig. 4.40 Same neoplasm as in figure 4.39, showing invasion through
pannicuius muscle. (HPS, x 205)

Fig. 4.41 Lymph node metastasis from neoplasm shown in figure 4.38, Neo-
plastic glandular structures are located in the cortex, and several clumps
of neoplastic cells are present in a distended portion of the subcapsular
sinus. (HPS, x 170)
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Fig. 't.42 Lymph node inclusion of hyperplastic secretory mammary lobule not
to be confused with metastasis. Lymph node from 19 month-old female
Sprague-Dawley rat. (HPS, x 170)

Compact tubular carcinoma. Grossly, these tumors were similar to the
more solid variety of the tubulopapillary carcinoma, although on cut surface
the tissue was more homogeneous. They were characterized histologically by
a rather monotonous expanse of closely packed tubular structures
(Fig.1.43), which varied in shape from round to elongated, some having
highly irregular branching profiles. One to four or more layers of cuboidal
epithelial cells lined the tubules. In general, the tubular lumens were small
and empty, but in a few areas of some tumors, they were distended or
cystic and filled with proteinaceous secretion. Focal atypia with disorganized
stratification of cells, increased nucleus/cyt.oplasmic ratios, and an
increased mitotic index were present to a variable degree. In many of these
tumors, some of the tubules were completely filled with cells giving rise to
solid elongated trabecular structures (Fig.4.44). In other tubules the
neoplastic epithelial cells formed patterns resembling that seen in cribri-
form-comedocarcinomas (see below).
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Fig. 4.1*3 Compact tubular carcinoma from a 13 month-old female WAC/Rij rat.
Numerous closely packed, multilayered glandular structures are shown, some
of which have barely discernible lumens. (HPS, x 205)

Fig. 4.44 Trabecular pattern in a compact tubular carcinoma from a 19
month-old female WAC/Rij rat. This pattern results from the complete
filling of tubules by neoplastic epithelium. (HPS, x 170)
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Fig. 't.'tS A. Compact tubular carcinoma showing separation of neopli'stic
tubules by proliferating stroma which is infiltrated by inflammatory cells,
including mast cells. Tumor from a 20 month-old female Sprague-Dawley rat.
(HPS, x170) B. Section of same tumor shown in A illustrating the numerous
metachromatically stained mast cells present in the stromal infiltrate.
(Toluiciir.e blue, x. 170)



The stroma in compact tubular carcinomas usually formed a minor

component of the tumor, serving only as scaffolding for the neoplastic

tubules. In some cases, active proliferation of stroma was seen, again

accompanied by a profuse mixed inflammatory cell infiltrate often containing

numerous mast cells (Fig.4.45A,B). In such cases individual tubules or

groups of tubules became isolated from each other by the intervening

stroma, resulting in a pseudo-lobular pattern (Fig.4.i»6).

The tumor boundary was sharply demarcated from the surrounding

normal mammary lobules and subcutaneous tissues. No true capsule was

present, but instead, compressed connective tissue fibers marked the edge

of the tumor. In invasive tumors of this type, single cells or small clusters

of cells infiltrated the adjacent tissues. Metastases were found in one case

and involved the lungs.

Fig. 4.46 Compact tubular carcinoma with a pseudo-lobular pattern which
results from the separation of islands of neoplastic tubules by bands of
connective tissue. A mild diffuse inflammatory infiltrate is present in the
stroma. Neoplasm from a 29 month-old female WAG/Rij rat. (HPS, x 65)
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Cribriform-comedocarcinoma. Thi tumor type was not remarkable

grossly, but it was readily distinn.i,; Table from ether carcinomas histo-

logically. These tumors were corn̂  3ed of numerous epithelial nests or

sheets which arose by the progressr 2 filling up of the ductules within a

number of adjacent lobules. The most distinctive pattern formed by the

neoplastic epithelium in the cellular nests was the cribriform pattern. The

solid nasses of uniform epithelial cells were perforated by variably sized

punched out round spaces usually filled with a proteinaceous substance

(Fig.4.47). Tumors exhibiting this sieve-like pattern for, as pointed out by

Azzopardi C1979], it is more appropriately referred to as a colanderiform

pattern) are termed cribriform carcinomas.

A second histological pattern in these tumors was the comedo pattern

fFig.4.48). This pattern resulted when a distended ductule filled by a

sheet of tumor cells became centrally necrotic. The cavity formed contained

cellular debris and sometimes calcifying concretions. The comedocarcinoma

Fig. ^.47 Cribriform-comedocarcinoma from a 12 month-old female WAG/Rij rat
showing the cribriform pattern, which is characterized by sheets of neo-
plastic epithelial cells containing holes filled with acidophilic
secretion. (HPS, x 205)
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Fig. *i.48 Cribriform-comedocarcinoma from a '5 month-old female WAC/Rij rat
showing the comedo pattern. The accumulation of necrotic cellular debris in
the center of an epithelial island, which originated in a neoplastic
ductular structure, gives rise to this pattern. (HPS, x 65)

pattern essentially always occurred in association with the cribriform

pattern, which suggests a possible histogenetic relationship between the

two. In fact, in some "comedones", the layer of neoplastic epithelium

between the deb-is filled lumen and the basement membrane was perforated

with holes resulting in a pattern identical to that seen in the cribriform

areas. For these reasons, the comedocarcinoma is not considered a separate

entity here, but rather as a component pattern of the cribriform carcinoma

and hence a compound term is used.

Invasive cribriform-comedocarcinomas showed small, ill-defined epithelial

structures and clusters of cells infiltrating the surrounding tissues.

Metastases were found in five rats and involved the lungs (Fig.4.49) in

four cases and a lymph node in one.

Squamous metaplasia was not an uncommon finding in cribriform- comedo-

carcinomas (Fig.4.50). Different degrees of this metaplastic change were

seen, ranging from several isolated foci of squamous epithelium to large

areas amounting to about 251 of a representative section of the tumor. Even

in cases with extensive metaplastic changes, the squamous epithelium was

intermingled with the neoplastic cribriform elements.
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Fig. kAS Pulmonary metastasis from a cribriform-comedocarcinoma in a 17
month-old female WAG/Rij rat. Several nests of neoplastic cells showing the
cribriform pattern are present. (HPS, x 170)

f &*•

• v
Fig. '•.SO An area of squamous metaplasia in the cribriform-comedocarcinotna
shown in fig1. 4.^8. Keratinizing epithelial cells and keratin squaroes are
intermingled with neoplastic glandular cells. (HPS, x 170)
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In addition to squamous metaplasia, sebaceous differentiation was

observed in some tumors (Fig .4.51) and was -also interpreted as a meta-

plastic change. Sebaceous differentiation was generally a minor focal

change, but in a few cases it occurred diffusely throughout the tumor. It

iV3s characterized by nests of well-differentiated sebaceous cells often in

close proximity to metaplastic squamous cells.

Anaplastic carcinoma. A relatively uncommon tumor type seen in this

series of rats was the anaplastic carcinoma. Tumors in this group differed

grossly from other carcinomas in that they were poorly delineated from the

surrounding tissues. Microscopically, they were solid neoplasms composed of

sheets or rows of pleomorphic cells which failed to form recognizable

glandular elements (Fig.4.52A). When stained with a silver impregnation

technique for reticulin, these tumors showed formation of solid cords or

trabecular structures (Fig.4.52B). In some cases, transitions from other

types of carcinomas to anaplastic carcinoma were seen, although the latter

Fig. 4.51 Focal sebaceous differentiation in a cribriform-comedocarcinoma
from a 15 month-old female WAC/Rij rat. (HPS, x 170)
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Fig. ^.52 A. Anaplastic carcinoma composed of rows and nests of poorly
differentiated epithelial cells. The formation of glandular structures is
not evident. This tumor also contains an inflammatory cell infiltrate.
Neoplasm from an 18 month-old female BN/BiRij rat. (HPS, x 205) B. Silver
impregnated preparation of same tumor as in A. The arrangement of
neoplastic cells in nests and cords is readily apparent, and confirms the
epithelial nature of this neoplasm. (Cordon and Sweet, x 400)



Fig, 4.53 Carcinoma arising in a fibroadenoma from a 16 month-old female
WAG/Rij rat. Nests of neoplastic epithelium with histological appearance of
typical cribriform carcinoma are situated within a fibroadenoma. In several
areas, transition from fibroadenoma ductule to carcinoma can be seen.
(HPS, x 85)

component clearly predominated. The anaplastic carcinomas showed extensive

inf i l trat ion of the adjacent tissues. Metastatic tumor foci were found in one

case, involving both lung and l iver.

Carcinoma arising in a fibroadenoma. Malignant change within a f ib ro-

adenoma was occasionally seen in this series of tumors. Since it was

regarded as a unique occurrence and of interest from a histogenetic point

of view, such tumors were grouped separately.

The histological pattern of the malignant component in these neoplasms

was variable, and included cribri form (Fig.4.53) and tubulopapillary

(Fig. 4.54) patterns. The malignant component was predominantly

noninvasive, but individual cells and small nests of cells (Fig.4.55) were

seen inf i l t rat ing the stroma in some cases. The fibroadenomas which

harbored malignant changes were otherwise unremarkable, although in some,

areas of intraductular epithelial proliferation were present, as seen in the

proliferative fibroadenomas.
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Fig. 'i.Sk Carcinoma with a tubulopapillary pattern arising in a fir'-o-
adenoma from a 19 month-old female WAG/Rij rat. The fibroadenomatous lobule
containing the carcinoma compresses the surrounding fibroadenomatous
tissue. (HPS, x 65)

Fig. *.55 Stromal invasion by malignant epithelial cells in a carcinoma
arising in a fibroadenoma. The tumor is from a 23 month-old female Sprague-
Dawley rat. (HPS, x 65)
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Carcinosarcoma. Tumors in this category consisted of both malignant

epithelium and malignant stroma in varying proportions. Grossly, these were

firm and poorly demarcated from the surrounding tissues. Histologically, the

epithelial component formed irregular .ubular structures, surrounded by

poorly defined or slightly fusiform cells arranged in sheets (Fig.4.56A).

Numerous mitoses and anaplastic cells were seen in the sarcomatous areas.

This component varied histologically, showing patterns ranging from that

seen in well-differentiated fibrosarcomas to undifferentiated sarcomas. In

some parts of these tumors, a transition between the epithelial and mesen-

chymal components was apparent although often the malignant epithelium

appeared well demarcated from the malignant stroma. In silver-impregnated

sections, reticulin fibers could be seen to surround the neoplastic tubular

structures as contrasted to the pattern of individual cell envelopment by

reticulin in the sarcomatous tissue (Fig.t.56B). In some carcinosarcomas the

epithelial structures were surrounded by a layer of flattened or cuboidal

cells resembling myoepithelial cells (Fig.4.57), which also showed apparent

transition to malignant stromal cells.

Carcinosarcomas extensively infiltrated adjacent tissues and distant

metastases were found in two animals, involving lungs and regional lymph

nodes in both cases and the heart in one. In both cases, the sarcomatous

component had metastasized, although the cardiac metastasis contained both

neoplastic epithelial structures and mesenchymal tissue.

Sarcoma. Neoplasms composed entirely of malignant mesenchymal tissue

and arising in a mammary gland were grouped in this category. The

sarcomas were firm and not easily separable from the surrounding tissues.

On cut surface they were mottled white-grey and had a dry fibrous

textu; ' , but gelatinous and opaque areas were also ?^en. Several histo-

logical patterns were encountered, ranging from that of a fibrosarcoma with

long spindle cells of relatively uniform appearance to progressively more

undifferentiated forms composed of pleomorphic stellate or fusiform cells

arranged in a haphazard fashion (Fig.4.58). Mitotic figures were common.

Giant cells were seen only rarely in these tumors. Abundant collagen was

usually present between tumor cells but in more cellular areas, especially of

less well-differentiated tumors, collagen deposition was scanty. The collagen

fibers in mammary fibrosarcomas tended to be finer and arranged in more of

a whorled pattern than those in nonmammary fibrosarcomas. Additionally,

mast cells were frequently associated with mammary sarcomas. Occasionally,

normal, atrophic or hyperplastic mammary ducts or lobules were associated
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Fig. ^.56 A. Carcinosarcoma from a 13 month-old female Sprague-Dawley rat
showing the two malignant components. Portions of two neoplastic tubules
are shown, surrounded by and exhibiting focal transition to malignant
mesenchymal cells which are poorly ou ',ned and slightly fusiform. Note the
presence of numerous mitotic figure- in the mesenchymal component.
(HPS, x W O ) B. Silver impregnated preparation of neoplasm shown in A. The
tubules are clearly outlined by silver positive fibers, whereas such fibers
surround individual cells in the mesenchymal component. Several areas of
apparent transition between the two are evident. (Cordon and Sweet, x



Fig. 't.S? A carcinosarcoma from a 10 month-old female Sprague-Dawley rat in
which the mesenchymal cells are polygonal and vacuolated. The epithelial
structures are surrounded by a layer of cuboidal cells, resembling myoepi-
thelial cells, and these show apparent transition to malignant stromal
cells in some areas. (HPS, x 255)

7»**SPz&'-*ri-
Fit;. 4,56 Mammary sarcoma from a 23 month-old female WAC/Rij rat. Poorly
formed fascicles of spindle cells are seen. (HPS, x 210) 113



with these tumors. These were interpreted as preexistent structures and

not an integral part of the neoplasm.

Other malignant mesenchymal tumors such as liposarcomas, neurofibro-

sarcomas, malignant fibrous histiocytomas, histiocytic sarcomas, hemangio-

pericytomas and hemangiosarcomas, found in or near sites normally occupied

by mammary glands, were not included in this category. Although their

origin from mammary gland tissue could not be ruled out, they could not be

distinguished histologically from similar soft tissue sarcomas in other sites.

Moreover, residual mammary epithelium was usually not associated with such

tumors. As mentioned previously, classifying mammary tumors of mesen-

chymal origin presents fewer problems in the human than in the rat due

primarily to the anatomical differences in the mammae of the two species.

4.5 Histogenesis and Interrelationships
of Certain Mammary Gland Lesions

An understanding of the histogenesis of rat mammary neoplasms will

help to define the specific structures or cells types involved in the neo-

plastic process. This information is of importance in determining which

cellular components of the mammary gland are most susceptible to neoplastic

transformation following exposure to different carcinogenic agents. As more

details on the histogenesis of rat mammary tumors become known, a more

precise classification of these neoplasms will also be possible.

Histogenetic studies on mammary glands ideally should be performed

using both histological sections and cleared mammary whole mount prepara-

tions for optimal topographical localization of lesions. In this study,

mammary whole mounts were not done and, therefore, special attention was

paid to microscopic lesions, especially the so-called early or microscopic

carcinomas, to determine their site of origin.

Based on the examination of numerous early mammary gland lesions, it

appeared that the small ductules of the lobuloalveolar unit were the site of

origin of most nonneoplastic and neoplastic lesions in the" rat strains

studied. A concept of the various interrelationships between these lesions is

presented in Fig.t.59. As was shown in the previous section, lobular

hyperplasia and r'lammary cysts were clearly derived from lobuloalveolar

units. Likewise, the close resemblance of small tubular adenomas to hyper-

plastic lobules and papillary cystadennmas to lobular hyperplasia with cystic



lobular
hyperplosio

adenoma —». PaP<
cystad

papilloma duct
ectasia

atypical
epithelial

proliferation

Fig. ^.59 Unifying concept of interrelationships among various neoplastic
and nonneoplastic epithelial and fibroepithelial lesions of the rat mammary
gland. The solid arrows indicate that there is morphological evidence that
a particular structure or lesion gives rise to, or can show, early carcino-
ma development. The dashed arrows imply that a particular development could
occur, but morphological evidence is lacking.

changes implies an origin of these tumors from the lobuloalveolar unit. A

lobular derivation of fibroadenomas is suggested by the finding of

admixtures of normal lobules among fibroadenomatous lobules, and that the

smallest fibroadenomas were approximately the size of a large lobule and

with a similar configuration (Fig.4.60). The coalescence of many such

lobules, each increasing in size by the continued proliferation of both

epithelium and strona, ultimately gives rise to the macroscopically visible

fibroadenonio.

In contrast to the above-mentioned lesions, duct ectasias appeared

to arise in the larger, extralobular ducts. This was based on their thick
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Fig. 4.60 A small, sharply demarcated fibroadenoma, approximately the size
of a large lobule, arising in an otherwise normal mammary gland from a 27
month-old female WAC/Rij rat. (HPS, x 65)

fibrous walls and the occasionally demonstrable continuity with the

lactiferous duct or nipple sinus. The few papillomas observed in this study

were also located within larger ducts.

Most of the early or microscopic carcinomas appeared to arise from

structures related to, or derived from, the lobuloalveolar unit. Since it has

not been explicitly stated in the previous section, a working definition of a

microscopic carcinoma should be formulated. A microscopic carcinoma is a

grossly undetectable nodule or group of cells which expresses all the

cytological and histological features of malignancy, as delineated in Section

HA.2, and which are clearly different from the surrounding normal, hyper-

plastic or benign neoplastic c >. In addition, the cells must form the

histological patterns indistinguib.'.dble from those characterizing the larger,

palpable carcinomas described previously, e.g. papillary, tubular, or

cribriform patterns. Examples of microscopic carcinomas arising in fibroade-

nomas have been given (Figs.1.53, 4.54) and other examples include cribri-

form carcinomas arising in apparently normal or slightly hyperplastic lobules

(Figs.4.61, 4.62) and a tubulopapillary carcinoma arising in a cystic gland

(Fig.4.63A,B).
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Fig. 4.61 A microscopic cribriform carcinoma arising in a hyperplastic
lobule from an 11 month-old female WAG/Rij rat. The neoplastic epithelial
cells are closely packed together and their nuclei are considerably larger
and more vesicular than those in the adjacent hyperplastic ductules.
(HPS, x 200)

Fig. 4.62 Transformation of several contiguous ductules in a hyperplastic
lobule to microscopic cribriform carcinoma. This lesion is from a 17
month-old female WAC/Rij rat. (HPS, x 170)
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Fig. 't.63 A. Microscopic tubulopapillan, carcinoma arising in a cystic
gland from a 19 month-old female Sprague-Dawley rat. (HPS, x 40). B. Higher
magnification of area in A deiimi'te'J by arrow heads, showing typical
features of tubulopapillary carcinoma. (HPS, x 170)



Although only circumstantial evidence is available, based largely on the

similarity of histological structure, microscopic carcinomas are presumed to

progress into clinically detectable neoplasms in most cases. It follows then

that most carcinomas of the rat mammary gland are derived from the small

ducts and/or ductular structures of the lobuloalveolar units. A minority of

the cases appears to have its origin in the larger ducts. Again, although

no direr: evidence is available, most microscopic carcinomas are presumed to

enlarge by circumferential expansion, producing the well-delineated bound-

aries of the typical noninvasive carcinoma. The question of whether some

tumor cells of the latter acquire invasive properties at a later stage in some

cases, or whether certain microscopic carcinomas are capable of evolving

directly into invasive carcinomas at the outset, cannot be answered without

further study.

As discussed in the prevbus section, it was apparent that rat mammary

tumors were frequently composed of more than one histological pattern.

Histologically "pure" tumors, i.e. tumors exhibiting one histological pattern

throughout, were found but tumors with mixtures of two or more patterns

seemed to prevail, although usually a particular pattern predominated. This

observation suggests that the various cellular proliferative processes, which

each leads to definable histological patterns, may be closely related and that

the individual tumor patterns may be part of a continuum. This mixing of

patterns was seen in many carcinomas, where part of the tumor was, for

example tubulopapillary, and another part cribriform-comedo, but it was

also evident in the benign mammary neoplasms. The majority of the latter

can probably be visualized as belonging to a spectrum, and this is

schematically shown in Figure 1.64. Fihroa- ômas show a broad variation

in histological patterns, varying among individual tumors, as well as among

different areas of the same tumor. The patterns ranged from those charact-

erized by epithelial predominance ("adenofibromas" or "glandular fibro-

adenomas") to those with connective tissue predominance ("sclerosing

fibroadenomas"). Since fibroadenomas are derived from mammary lobulo-

alveolar units, it appears that each lobule has the capacity to express its

own particular type of histological pattern. Such local differences in tumor

morphology probably reflect differences in receptiveness of lobules to

hormonal influences, differences in vascularization, and possibly many other

factors.
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Fig. *t,64 Proposed relationships in histological spectrum of benign neo-
plasms of the rat mammary gland.

In Figure 4.64 the adenomas and fibromas have been separated from the
main group of fibroadenomas. Although they appear to represent the
extremes of the histological spectrum, they are not shown in direct
continuity with the fibroadenoma group because it should not be concluded
that a lesion initially having the appearance of a fibroadenoma invariably is
the precursor of either a fibroma or an adenoma. That this may sometimes
be the case cannot be ruled out, but generally it appears that these lesions
arise de novo. By the same token, papillary cystadenomas may have their
origin in adenomas which have subsequently undergone a cystic change
accompanied by epithelial proliferation, however, an origin de novo, from a
previously normal or hyperplastic lobule is just as likely. Proliferative
fibroadenomas, as defined in this study, always appeared to originate from
a "common" fibroadenoma based on the presence of typical fibroadenoma
ductules in various stages of transition to proliferative ductules.

4.6 Discussion

4.6.1 Histological Types of Rat Mammary Neoplasms

Neoplastic lesions involving the rat mammary gland have been known to
occur for over 70 years. Many of the initial reports (Bullock and
Rohdenburg, 1917; Curtis et a l . , 1931; McCoy, 1909; Ratcliffe, 1940;
Woolley and Wherry, 1911) were aimed at documenting the occurrence of a
variety of tumors, including those of the mammary glands, in rats from the
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wild as well as in rats from different breeders. Some of these early reports

contain elegant descriptions of spontaneously occurring mammary tumors

which are unsurpassable and equally as relevant at the present time.

Subsequently, interest in rat mammary tumors as possible models of human

breast cancer was sparked, and efforts at further classification of these

neoplasms began to appear (Bagg and Hagopian, 1939; Bullock and Curt is ,

1930; Geschickter and Byrnes, 19H2; Wright et a l . , 1940).

Since these earlier publications, numerous reports have documented the

occurrence and variable frequency of spontaneous mammary tumors in a

number of different rat strains or stocks, including: ACI/N (Maekawa and

Odashima, 1975); BDX (Zoller et a l . , 1978); BN/BiRij (Burek, 1978; Burek

and Hollander, 1977; Feldman and Woda, 1980); F344 (Goodman et a l . , 1979;

Sacksteder, 1976; Sass et a l . , 1975; Sher et a l . , 1982; Tarone et a l . ,

1981); HAN: Wistar (Deerberg et a l . , 1980); Lewis (Feldman and Woda,

1980); NEDH (Warren et a l . , 1978); NZR/Gd (Goodall and Doesburg, 1981);

Oregon (MacKenzie and Garner, 1973); Osborne-Mendel (Goodman et a l . ,

1980; MacKenzie and Garner, 1973); Sprague-Dawley and Sprague-Dawley

derived strains and stocks (Davis et a l . , 1956; Durbin et a l . , 1966;

Komitowski et a l . , 1982; Lohrke et a l . , 1982; MacKenzie and Garner, 1973;

Morii and Fuj i i , 1973; Okada et a l . , 1981; Prejean et a l . , 1973; Shellabarger

et a l . , 1980; Sher et a l . , 1982; Thompson et a l . , 1961); WAB/Not (Middle

et a l . , 1981); WAG/Rij (Boorman and Hollander, 1973; Burek, 1978);

Wistar/Furth (Kim et a l . , 1960); and several other Wistar derived strains or

stocks (Crain, 1958; Gilbert and Gillman, 1958; Kroes et a l . , 1981; Pollard

and Kajima, 1970; Pollard and Teah, 1963). In addit ion, an extensive

tabulation of data from the l i terature regarding tumors in untreated rats

can be found in the publications by Shcr (Sher, 1972, 1982), and several

excellent reviews are also available (Altman and Goodman, 1979; Noble and

Cutts, i959; Young and Hallowes, 1973).

The ultimate purpose of classifying neoplasms in any species should be

to provide accurate and reproducible criteria for diagnosis and to correlate

the appearance of the tumor with its biological behavior. Classifications are

not contrived simply for the sake of introducing new terminology, nor to

periodically shuffle around the relationships among the lesions to ensure

that pathologists "stay in business". Rather, as Rosen (1979) recently

stated: "Any tumor classification serves as a means of describing and

communicating about the heterogeneity of neoplastic processes. The def in i -
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tions of categories are arbitrarily determined by the method of description

and the characteristics we choose to emphasize as being meaningful.

Pathological classification by and large has tended to emphasize microscopic

features of tumors and to correlate the structural observations with clinical

behavior or prognosis".

Since the days of Virchow, innumerable morphological studies have

been conducted on human tumors thus enabling medical pathologists today to

accurately predict the clinical outcome of a particular neoplasm. To be sure,

there are important exceptions which defy rational categorization even in

this era of sophistication with respect to the morphological techniques

available (e.g. electron microscopy, immunocytochemistry), but generally,

the prognosis of many human neoplasms can be correctly anticipated. In the

field of animal tumor pathology, on the other hand, the situation has, in

general, not progressed to this level of sophistication. Great variations

exist in our ability to carefully define and predict the outcome of many

animal tumors. The reason for this can be partly explained by the fact that

the necessity to give an accurate prognosis for the purposes of instituting

subsequent therapeutic regimens has not existed for animals, since

treatment of animal cancer patients takes place to a limited extent only.

Obviously, there are exceptions to this statement, as is evidenced by the

significant advances which have been made in recent years in the treatment

of neoplasms of domestic animals, especially the small companion animals

(Theilen and Madewell, 1979). On the whole, however, much more

information must be gathered in order to correlate morphology with

biological behavior of many animal neoplasms, especially those which occur

spontaneously in some of the more commonly used laboratory rodents.

One of the prime goals of comparative oncology has been to identify

similarities in structure and behavior between animal neoplasms and the

corresponding neoplasms of man. This can lead to the development of animal

models for the purpose of studying a variety of fundamental aspects basic

to the neoplastic process itself, as well as aspects of a more applied nature,

such as those dealing with chemotherapy, radiotherapy and immunotherapy.

Many of these areas of study cannot be adequately or ethically approached

in man, and therefore must be carried out in animals. It is desirable that

the animal lesion being studied mimics as nearly as possible the human

lesion in question and inherent in this condition is a thorough under-

standing of the morphology and biological behavior of the animal lesion
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(Hollander et a l . , 1974). In order to reach the goal of developing useful

and relevant animal models, classification schemes of animal neoplasms must

use well-defined histological criteria and terminology which facilitate a

comparison with descriptions of the corresponding human lesions. It is not

sufficient to simply apply the nomenclature for human tumors to animal

tumors, for a danger inherent in this practice is that important differences

in biology or structure tend to be ignored, and emphasis is likely to be

misplaced on the suitability of the animal tumor as a laboratory model for

the human neoplasm. It is just as important in comparative oncology to

identify significant dissimilarities between animal tumors and their human

counterparts, not only to define the limitations of the model, but also to

identify possible areas for further studies. This cautionary note has also

been expressed by others (Komitowski et a l . , 1982; Stewart, 1975) with

respect to the classification of rat mammary tumors.

The classification of the neoplastic lesions of the rat mammary gland

presented in this chapter is proposed as an alternative to classifications put

forth in the past (e.g. Bullock and Curtis, 1930; Gardner et a l . , 1973;

Komitowski et a l . , 1982; Middle et a l . , 1981; Murad and von Haam, 1972;

Wright et a l . , 1940; Young and Hallowes, 1973). The present classification

has grown out of attempts to categorize the spontaneous, radiation- and

hormone-induced mammary neoplasms observed in three rat strains according

to criteria described by previous investigators. For certain neoplasms (e.g.

adenomas, fibromas, anaplastic carcinomas, sarcomas), such criteria were

readily applicable and the common terminology was retained. Other

neoplasms defined in this study (e.g. tubulopapillary carcinoma,

cribriform-':omedocarcinorra) were not easily categorized using existing

criteria, and these were given diagnostic terms which represent

combinations of previously used descriptive terminology. It was found that

such tumors were nearly always composed of several coexisting patterns

each varying in extent from tumor to tumor, or in different areas of the

same tumor, but invariably occurring together. This, therefore, represents

a simplification of certain classifications, and employing such compound

tumor designations is felt to be less arbitrary than attempting to subdivide

tumors containing several closely related histological patterns into separate

categories.

This notwithstanding, it should be stated again that many rat mammary

carcinomas are composites of several different unrelated morphological
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patterns. As was mentioned earlier in this chapter, such tumors were

classified according to their predominant pattern. This may seem an

unjustified and arbitrary procedure, and, alternatively, such tumors could

simply be designated as "mixed" or "compound" carcinomas. The

consequence of such an approach, however, might be that an appreciable

number of rat mammary carcinomas so classified would not be further

defined, negating any attempts at identifying particular histoiogical types

which may potentially serve as models of human breast cancers. Moreover,

in spite of the fact that one third of 1000 human breast tumors were

composed of more than one histoiogical type (Fisher et a l . , 1975a), repeated

studies have shown that the predominant histoiogical pattern of breast

cancers has prognostic significance (McDivitt et a l . , 1968). Until such time

that more studies relating biological behavior to histoiogical type have been

carried out in rats, it seems prudent to class!fy tumors with different

histoiogical patterns according to their predominating pattern.

In the currently proposed classification, an attempt has been made to

subdivide the carcinomas on the basis of histoiogical growth characteristics.

According to the criteria outlined in this chapter, carcinomas were classified

as being either noninvasive or invasive. This distinction was made as part

of the complete characterization of the rat mammary carcinomas, but, more

importantly, to identify those neoplasms with histoiogical evidence of a more

aggressive behavior. This distinction has not been made in previous

classifications of rat mammary tumors (e.g. Komitowski et a l . , 1982; Young

and Hallowes, 1973), but is a regular component of human breast cancer

classifications (Azzopardi, 1979; van Bogaert and Maldague 1978; McDivitt et

a l . , 1968; WHO, 1982). Applying this histoiogical distinction to rat mammary

carcinomas would seem of importance in identifying strain- or

treatment-related differences in potential biological behavior of various

neoplasms, and may be of significance when evaluating relative carcinogenic

risks in toxicologic or irradiation studies. In addition, the morphological

data from rats would be more directly comparable with the human breast

carcinomas.

Several histoiogical diagnostic terms omitted from the present

classification but regularly appearing in previous classifications deserve

brief mention. The term adenocarcinoma has been avoided since, according

to proper usage (Dorland, 1965) it should signify formation by tumor cells

of glandular structures, but the term is also often used to denote
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derivation from glandular epithelium. In the latter sense, the term would

then apply to all malignant epithelial neoplasms of the mammary gland.

Moreover, most rat mammary carcinomas form glandular structures to a

greater or lesser degree, but naming them all adenocarcinomas would

obscure the possible significance of the major histological patterns present

and therefore alternative descriptive terminology is preferred. The term

adenocarcinoma is likewise not used in classifications of human breast

cancer. The neoplasms in the present classification corresponding most

closely to the adenocarcinomas of other investigators include compact tubular

carcinomas and those types of tubulopapillary carcinoma in which the

tubular pattern is prominent.

Squamous cell carcinoma is included in several classifications of rat

mammary tumors (Komitowski et a l . , 1982; Young and Hallowes, 1973).

Mammary tumors resembling squamous cell carcinomas of the skin were not

recognized in this study. On the other hand, a change which was

interpreted as squamous metaplasia was seen with variable frequency in

several types of mammary carcinomas ( e . g . , cribriform-comedocarcinomas

and tubulopapillary carcinomas) (see Chapter 5) . Although the squamous

component appeared to be an integral part of the neoplasm in these cases,

the transformation to squamous cells occurred in scattered isolated foci and

involved only a minor part of the representative section of the tumor.

There was no clinical or histological evidence to suggest that mammary

carcinomas with squamous metaplasia behaved dif ferently or more

aggressively than similar types without the squamous change, such as could

be expected were such tumors to behave in a fashion analogous to squamous

cell carcinomas originating in the skin or other tissue sites. In fact,

neoplasms harboring squamous cell nests were indistinguishable from those

without metaplastic changes. Such tumors were classified according to their

predominant histological pattern with a note regarding the presence of

squamous metaplasia.

Squamous metaplasia in rat mammary carcinomas has been reported

previously (Cutts and Noble, 1964; Mackenzie, 1955). Mammary tumors with

extensive squamous differentiation have also been reported in mice (Dunn,

1959; Sass et a l . , 1982), and these were diagnosed as adenoacanthomas.

Pure squamous cell carcinomas are reportedly very rare in human patients

(Azzopardi, 1979; Bogomoletz, 1982; Toikkanen, 1981) and these authors

have drawn attention to the fact that otherwise typical mammary carcinomas
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with foci of squamous metaplasia should not be diagnosed as squamous cell

carcinomas. Recently, interest in the mechanism of development of squamous

metaplasia in human breast epithelium has become apparent (Schaefer et a l . f

1983). In a study using cultured human mammary epithelium, these

investigators found that a cyclic adenine nucleotide, aided by several

prostaglandins, induced marked squamous metaplasia, as well as

hyperplasia, of normal breast epithelium, and they speculated that these

substances may have an important role in the spontaneous induction of

squamous metaplasia in the human breast.

Sebaceous metaplasia was seen in some mammary tumors of the present

series. As in the case of squamous metaplasia, this change occurred focally

and formed a minor part of the tumor. Sebaceous metaplasia occurring in

mammary carcinomas has been previously described in rats (Bullock and

Rohdenburg, 1917) and in mice (Bielschowski, 1956; Sass et a l . , 1982).

Other types of metaplasia, such as chondroid or osseous, were not observed

in this series of rat mammary tumors.

Certain mammary carcinomas in this study, especially those of the

compact tubular var iety, but also some cribriform-comedo and tubulo-

papillary types, were accompanied by abundant proliferation of connective

tissue stroma around large nests of neoplastic epithelial structures. The

intersecting bands of connective tissue were often liberally infi l trated by

inflammatory cells, notably lymphocytes and mast cells. This process led to

an appearance best described as a "pseudo- lobular" pattern (cf. Fig.4.46).

There was no evidence in these cases that the connective tissue was

neoplastic, and it was interpreted as a productive fibrosis of the supporting

s.i'oma around groups of neoplastic ductal structures. Others have made

similar observations on rat mammary tumors (Cullino et a l . , 1975; Gusterson

and Williams, 1981; Komitowski et a l . , 1982; Murad and von Haam, 1972;

Russo et a l . , 1977; Young and Hallowes, 1973) for the most part in

Sprague-Dawley rats i-.nd in tumors induced by chemical carcinogens ( i .e .

DMBA and methylnitrosourea [MNU]) . In fact, Komitowski and coworkers

(1982) reported that 64% of DMBA-induced tumors, and 26% of spontaneous

tumors in their Sprague-Dawley stock showed this pattern. They placed

these neoplasms, which they termed compound tumors, in the group of

fibroepithelial neoplasms, along with fibroadenomas and carcinosarcomas.

They described the malignant epithelial component in compound tumors as

generally having a tubulopapil lary, glandular or cr ibr i form pattern. These
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authors speculated that the "pseudo-lobular" pattern is the result of

specific interactions betveen connective tissue stroma, ductular epithelium

and myoepithelial cells. Whether tumors showing this pattern represent a

distinct morphologic type, or whether they are simply variants of other

types, perhaps influenced by genetic or treatment-related factors, must

await further study.

As mentioned in Section 4.2.2, most major topographic histogenetic

classifications of human breast cancers have two main divisions: ductal and

lobular carcinomas (Azzopardi, 1979; van Bogaert and Maldague, 1978;

Haagensen, 1971; McDivitt et a l . , 1968; WHO, 1982). The ductal carcinomas

are further subdivided into invasive and in situ types. The former includes

the common infiltrating duct carcinoma with productive fibrosis ("scirrhous

carcinoma") as well as a number of special types, including, among others,

cribriform, comedo, papillary, tubular, colloid and medullary carcinomas. In

situ ductal carcinomas generally show four main histological patterns:

comedo, cribriform, solid and papillary as well as mixtures of these.

Lobular carcinomas are distinct morphological entities in human pathology,

and are likewise subdivided into noninvasive (in situ) and invasive types.

In situ lobular carcinoma, also termed lobular neoplosia by some

(Haagensen, 1971; Haagensen et a l . , 1981) in view of the unresolved

conflict regarding its status as a true malignancy (see also Azzopardi,

1979), is characterized by the complete filling of the terminal units of the

lobule by uniform, bland rounded epithelial cells. The lobular units

containing the neoplastic cells are distended to varying degrees and often

appear as many, small, solid, rounded masses abutting one another.

Invasive lobular carcinomas are characterized by a distinctive pattern of

linear stromal infiltration which has been called the "Indian file" pattern.

The malignant epithelial cells are also uniform in appearance, and they tend

to line up in long threadlike rows between the bundles of collagen fibers of

the ronnective tissue stroma.

Although the lobular carcinoma is a distinct histologically defined

neoplastic entity, there is no general agreement as to its cell of origin.

Most lobular carcinomas apparently arise from epithelial cells lining the

terminal units of the lobule (i.e. ductules, or acini; see Section 4.1.2),

although they may also originate from the luminal epithelial cells of small

intralobular or extralobular ducts (Haagensen et a l . , 1981). Careful studies

of microscopic lesions in whole mounts of human breast tissue by Wellings et
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al . (1975) have shown that most ductal carcinomas arise from epithelial cells

within the smallest branches of the mammary duct system within the lobule

( i . e . intralobular ducts and ductules), a site they referred to as the

terminal duct-lobular uni t , or TDLU complex. Thus, the site of origin of

most ductal and lobular carcinomas probably does not dif fer to a significant

extent. Furthermore, electron microscopic studies have not shown any

essential differences between cells of lobular carcinomas and those of ductal

carcinomas (Azzopardi, 1979; Nesland and Johannessen, 1982). These

authors have suggested that the classifications of human mammary cancers

into ductal and lobular carcinomas should be regarded as a means of

ind.eating differences in growth patterns and cytological features rather

than differences in cell of or ig in .

Lobular carcinomas, as described in man, were not recognized in this

series of rat mammary neoplasms. Occasionally, f i l l ing of ductules or alveoli

in lobules contiguous with carcinomas of the cribriform-comedo type was

seen, but this was interpreted as retrograde or ir.traductular spread of

neoplastic cells. Carcinomas with the "pseudo-lobular" pattern should not be

construed as being similar to the human lobular carcinoma, as was

suggested recently (Komitowski et a l . , 1982). An organoid or "lobular"

architecture may result in tumors of various histological types due to

separation of epithelial elements by proliferating stroma, at discussed

above. Nonetheless, it is possible that fur ther careful study of early

neoplastic changes in rat mammary glands will br ing to l ight lesions

morphologically resembling the human lobular carcinoma.

An interesting transitional neoplasm encountered a number of times in

this series was the carcinoma a- :sing in a fibroadenoma. The possibility was

considered that this lesion represents the independent development of a

carcinoma in close juxtaposition to a preexisting fibroadenoma. In most

case.s, however, a transition from typical fibroadenoma ductules to carcinoma

could be demonstrated. Neop'asms of this type occur rarely in man

(Azzopardi, 1979) but have been reported previously in rats (Durbin et

a l . , 1966; Okada et a l . , 1981; R^tdi f fe, 1940; Young and Hallowes, 1973).

Along similar lines sarcomas arising in fibroadenomas have been described

in rats (Bullock and Curt is , 1930; Curtis et a l . , 1931; Ratcliffe, 1940)

although no such transitional neoplasms were found in this series. It is

tempting to speculate that the latter tumor type may be the rat counterpart

of malignant cystosarcoma phyllodes (Azzoptrd i , 1979; WHO, 1982).
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The most common benign rat mammary tumor, the fibroadenoma, has

been observed in nearly every rat strain or stock studied. This tumor, in

its varied forms, very closely resembles the human fibroadenoma. The

reason that these neoplasms were not subdivided into the classical

pericanalicular, intracanalicular, and the more recently described glandular

(Morris and Kelly, 1982) types has been explained earlier in this chapter,

but rests mainly with the fact that so often the various patterns occur

together in the same tumor mass. Other authors continue to subdivide rat

fibroadenomas into two to four subcategories (Komitowski et a l . , 1982;

Young and Hallowes, 1973), including pericanalicular (tubular) and

intracanalicular (sclerosing) types. In a recent human mammary tumor

classification, a distinction between these two categories also is no longer

advocated (WHO, 1982). In the present series, the proliferative

fibroadenoma was regarded as a distinctive lesion and was therefore

classified separately. This fibroadenoma type histologically appeared to

represent a precursor stage of malignant epithelial transformation but direct

proof of this is lacking. This group of tumors warrants further close

scrutiny, however.

Other benign mammary neoplasms described in this study, including

tubular and secretory (lactating) adenoma, papillary cystadenoma,

papilloma, and fibroma, have previously all been described in rats by

numerous investigators (e.g. Bullock and Curtis, 1930; Gardner et a l . ,

1973; Komitowski et a l . , 1982; Wright et a l . , 1910; Young and Hallowes,

1973) as well as in man (Azzopardi, 1979; Haagensen, 1971; WHO, 1982).

Likewise, adenolipomas have been reported in rats (Bullock and Curtis,

1930; Curtis et a l . , 1931; Dunning and Curtis, 1946) and in man

(Azzopardi, 1979).

Some of the nonneoplastic lesions described previously, e.g. lobular

hyperplasia and atypical epithelial proliferation, bear some resemblance to

certain human proliferative breast lesions, such as adenosis and epitheliosis

(papillomatosis) {Azzopardi, 1979; Haagensen, 1971). These lesions

apparently present diagnostic difficulties at times as a result of their

resemblance to certain maligna t neoplasms. In the rat, these lesions have

evoked considerable interest especially as candidate precursor lesions of

mammary neoplasms (Beuving et a l . , 1967; Fauikin et a l . , 1967; Sinha and

Dao, 1977; Yoshida et a l . , 1980a,b), analogous to the hyperplastic alveolar

nodule (HAN) of mice (Medina, 1982; Squartini, 1979). The rat DMBA model
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has contributed greatly to the understanding of precursor lesions, and will

be referred to briefly below.

A common histological finding in hyperplastic mammary lobules of intact

rats as well as in normal glands of ovariohysterectomized rats in this study

was the accumulation of hemosiderin in macrophages and in mammary

epithelial cells. Although the significance of this finding remains unclear, a

recent study has shown that iron pigment preferentially accumulates in

hyperplastic rat mammary nodules induced by DMBA (Vijayaraghavan ^nd

Rivera, 1981). These authors suggested that iron metabolism may be altered

during the process of growth alteration of mammary lobules. The role of

iron and iron-containing substances in the mammary gland is far from clear,

however.

Another vexing and as yet unresolved histological finding emerging

from this study was the frequent occurrence oi mast cells in various types

of mammary tumors. In some tumors, especially those with prominent stromal

proliferation, mast cells were present in large numbers. Other investigators

(Boylan et a l . , 1977; Komitowski et a l . , 1982; Young and Hallowes, 1973)

have also commented on the common finding of mast cells in rat mammary

tumors. Of possible relevance to this question is a recent report which

describes mast cell accumulation and connective tissue metaohromasia at the

interface between human breast cancers and surrounding tissues. The mast

cell accumulation marked the zones of infiltrative tumor growth (Hartveit,

1981). Explanations for these phenomena are lacking, although hypotheses

include a role of heparin in local angiogenesis and a role of histamine in

modulating T-cell functions (Dexter et a l . , 1981), both of which could

enhance tumor growth locally. To ascertain whether similar events occur in

the mast cell-containing rat neoplasms clearly requires further studies, and

the rat may be a valuable tool in addressing these issues.

The histological examination of early, or microscopic mammary

neoplasms in this study led to the supposition that most mammary tumors in

this species have their origin in the small ducts or ductular structures of

the lobuloalveolar unit (see Section 4.5). Morphological studies on the

histogenesis of the benign fibroepithelial neoplasms have clearly shown that

they originate in the lobuloalveolar structures (Wright et a l . , 1910). A

number of studies utilizing mammary whole mounts and subsenuent lighi

microscopic sections have indicated that the site of origin of the

DMBA-induced mammary carcinoma is the terminal end bud (Haslam and
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Bern, 1977; Middleton, 1965; Purnell, 1980; Russo et a l . , 1977; Yoshida et

a l . , 1980a,b). Elegant studies by Russo and coworkers (1977) showed that

the earliest recognizable lesion following DMBA administration was

hyperplasia of the terminal end bud epithelium. This intraductal

proliferation evolved into intraductal carcinoma, which ultimately acquired

papillary or cr ibr i form patterns. Thus, the terminal end bud hyperplasia

was shown to be a preneoplastic change in rat mammary carcinomas.

In other studies from the same author's laboratory (Russo and Russo,

1978b; Russo et a l . , 1979), it was shown the period of greatest

susceptibility to the carcinogenic effects of DMBA coincided with the period

of greatest cell proliferation in the terminal end buds (30-55 days of age).

DNA labeling indices were highest in terminal end buds at this age, which

clso correlated with the age at which the greatest number of mam oiy

carcinomas could be induced.

4.6.2 "Mal ignancy" of the Rat Mammary Carcinoma

As alluded to earlier in this chapter, doubts have been expressed by

some as to whether the common types of spontaneous or induced rat

mammary carcinomas are, in fact, t ru ly malignant. This question has been

raised, and r ight fu l ly so, by those in search of appropriate models of

human breast cancer (Williams et a l . , 1981). Investigators seek animal

models in which mammary cancer develops rapidly, reproducibly, and with a

high incidence. Although the latter have been accomplished successfully in

the rat using a number of chemical carcinogens, natural and synthetic

hormones and irradiat ion, the ultimate proof of malignancy, i.e. metastasis,

has been largely lacking. Some argue, therefore, that since the biological

behavior of the rat tumor deviates considerably from that of man, the rat is

not a good model, whereas others argue that by every other histologica1

and cytological cr i ter ion, rat mammary carcinomas should be considered

malignant. Since this issue may influence the opinion of some workers

regarding the overall usefulness of the rat in mammary cancer research, it

is perhaps worthwhile to discuss the problem in more detail.

The problem partially revolves around the question: What should be

considered sufficient evidence of malignancy? Several authors, especially of

some of the earlier l iterature (Crain, 1958; Wright et a l . , 1940), adhered to

the strict criterion of designating a rat mammary tumor as being malignant

only i f distant metastases could be demonstrated. Interestingly, however,
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one of these authors (Crain, 1958) pointed out his inability to distinguish

histologically between the metastasizing carcinoma and a number of the

nonmetastasizing, so-called "benign", epithelial tumors found in his study.

Other investigator? (Casey et a l . , 1979; Toth et a l . , 1979) have also noted

the lack of criteria to distinguish metastasizing from nonmetastasizing

tumors. Indeed, such a strict criterion for malignancy is not applied in the

practice of general human or veterinary pathology to malignant tumors

which are removed at a stage before metastasis has occurred, since their

capacity to metastasize is well established based on prior experience with

the neoplasm in question. Moreover, certain human and animal neoplasms,

although possessing all other histocytological features of malignancy, rarely

metastasize, and experience with such tumors has led to the conceot of "low

grade" vs. "high grade" malignancies.

Thus, most pathologists consider distant metastasis only one of several

criteria for malignancy, although all agree it is certainly the most

unambiguous one. Cytological criteria indicative of malignancy have already

been mentioned in Section 4.4.2 and helpful histological criteria include

prominent destruction of adjacent structures, infiltration of surrounding

tissues and vascular invasion. In fact, the authors of one study (Warren et

a l . , 1978) stated that in the case of rat mammary tumors, metastasis was

not a satisfactory criterion "as many malignant tumors kill the host through

local growth and ulceration before it has occurred."

The actual frequency of metastasis from rat mammary tumors varies

among different studies, although most investigators either report the

absence of metastases or a very low incidence of usually no more than 2 or

3% of all carcinomas (Bullock and Curtis, 1930; Crain, 1958; Davis et a l . ,

1956; Dunning et a l . , 1945; Ceschickter and Byrnes, 1942; Komitowski et

a l . , 1982; Laub, 1978; McCormick et a l . , 1981; Ratcliffe, 1940; Toth et a l . ,

1979; Wright et a l . , 1940; Young and Hallowes, 1973). Some have reported

higher incidences ranging from 8% in a hooded rat strain with mammary

tumors induced by estrogen (Cutts and Noble, 1964) to 20% of Wistar/Furth

rats surviving up to 120 days after splenectomy and treatment with

3-methylcholanthrene (Fisher et a l . , 1975b). In one study, which compared

tumor frequencies in untreated rats from six different sources, 3 of the 12

histologically malignant mammary tumors found in the Sprague-Dawley and

Oregon strain of rats had metastasized to distant sites (MacKenzie and

Garner, 1973). The reason for this variable frequency of metastasis is
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unknown, but factors such as strain, treatment, host immune response,

tumor immunogenicity, and enzyme secreting potential of tumor cells

probably play a role (Kim, 1979; Moore and Dixon, 1977; O'Grady et a l . ,

1981). The age of the rats involved and the age at which the tumors arise

may alsc be important factors since there is an indication that, in general,

rat tumors tend to metastasize rather late as compared to neoplasms of man

(Burek, 1978; Hollander et a l . , 1971). This constitutes an important

argument for allowing rats to complete their natural life spans before

attempting to assess the frequency of metastasis of a particular tumor.

Another important factor which may influence the apparent frequency

of mammary tumor metastasis in a particular study is the appropriate

sampling of tissues for histological examination. Many metastatic foci are

difficult to discover with the naked eye and multiple tissue sections of

appropriate organs are often necessary to assess accurately the occurrence

of metastases in rodents. The experience in our laboratory with the rat

medullary thyroid carcinoma (MTC) well illustrates this point. Initially,

distant metastases were found in 2 of 123 cases of MTC (Hollander et a l . ,

1974) but when the deep cervical lymph nodes were routinely examined

histologically, the frequency of confirmed metastasis increased

five- to eight-fold (Burek, 1978; van Zwieten, Nooteboom and Hollander,

unpublished observations). Similarly, regional lymph nodes may be

important sites of metastasis for rat mammary tumors, since foci of

metastatic carcinoma were found in lymph nodes in 45% of the cases with

metastases (see Chapter 5). A number of studies purportedly assessing

frequency of metastasis from mammary tumors make no mention of examining

lymph nodes histologically (Gusterson and Williams, 1981; Komitowski et a l . ,

1982; Williams et a l . , 1981). Rigorous examination of the bony skeleton may

also reveal additional unsuspected metastatic foci. This was not done in the

present study beyond the routine examination of a section of sternum and

the occasional examination of skull sections.

Although performing complete necropsies and examining carefully

multiple sections of appropriate tissues will undoubtedly bring to light

additional cases of metastatic rat mammary neoplasms, it is considered

unlikely that these measures will drastically increase the percentage of

metastatic carcinomas and alter current views on the biological behavior of

these tumors. The most persuasive argument for continuing to use the

terms carcinoma and malignant in referring to these tumors rests with the
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fact that they meet other widely accepted histocytological criteria for

malignancy (Casey et a l . , 1979; Foulds, 1975; Warren et al.,1978; Young

and Hallowes, 1973), and that goci criteria for distinguishing between

metastasizing and nonmetastasizing tumors do not exist. A distinctive

feature of this species seems to be that the majority of mammary carcinomas

exhibit a noninvasive character, despite growing to considerable size which,

in itself, may cause the death of the host. Only a fraction (about 10%)

invade the surrounding tissues, and an even smaller fraction (less than 5%)

metastasize (see Chapter 5). Nonetheless, on histological grounds and on

the basis of unequivocal malignant behavior of a few, it is felt that this

group of tumors should continue to be regarded as. carcinomas, albeit, in

most cases, of low grade malignancy.

This dichotomy of ostensibly benign biological behavior and potential

clinical malignancy is of significance to those using the rat mammary tumor

as a research tool. The induction of potentially malignant tumors will have a

different connotation for those in toxicological or radiobiological research

and their regulatory agencies, as opposed to those developing animal models

to test treatment regimens for human breast cancer. The latter group may

have to expend additional effort in developing models of metastasizing

mammary tumors, whereas the former group has, in the rat, a sensitive

biological system, given the susceptibility of this species' mammary gland to

the effects of certain chemical and physical carcinogens.
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CHAPTER 5

CORRELATION OF MAMMARY TUMOR HISTOLOGY

WITH EXPERIMENTAL PROCEDURES

5.1 Introduction

In this chapter, an attempt will be made to examine whether a relation-

ship exists between mammary tumor histology and experimental treatment,

i.e. irradiation and/or hormone administration. Additionally, the extent to

which histological differences in mammary neoplasms may be strain-related

rather than treatment-related will also be examined. In Chapter 3 it was

shown that notable strain differences were apparent following irradiation

and estrogen administration in terms of crude and cumulative tumor inciden-

ces for broad categories of benign and malignant mammary neoplasms. These

neoplasms were further defined in Chapter 4, and the various histological

types described will be analyzed in relation to treatment in the present

chapter.

The analyses in this chapter will be restricted to data obtained from

Experiment I (see Chapter 3}, since this experiment involved equivalent

numbers of rats of three strains treated in similar fashion, i.e. irradiated

with similar doses of X rays or neutrons of three energies in whole body,

single fraction exposures, with or without estradiol-178 administration, and

their respective controls. Experiments II and III were principally designed

to examine the effects on the mammary gland of fractionated irradiation in

one rat strain, the WAG/Rij. The correlation of mammary tumor histology

with various absorbed doses of radiation given either as single or multiple

fractions will be a part of a separate report. It should also be stated that

all the tumor types described in Chapter U were encountered in rats of

Experiment I with one minor exception: the adenolipoma, a benign neoplasm

in the miscellaneous category found only twice in the entire study, was not

seen in rats from Experiment I.
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TABLE 5.1 SUMMARY OF HISTOLOGICAL TYPES OF MAMMARY NEOPLASMS IN FEMA.LE WAG/Rij, BN/BiRij AND SPRAGUE-DAWLEY
RATS, INCLUDING ALL EXPERIMENTAL AND CONTROL GROUPS FROM EXPERIMENT I

BENIGN NEOPLASMS

Adenoma

Tubular adenoma
Secretory adenoma

Papillary tumors

Intraductal papilloma
Papillary cystadenoma

Fibroadenoma

FibroaJcnoma NOS
Pro!if.fibroadenoma

Fibroma

Total benign

WAG/Rij

(no.of rats = 1350)

23 (1.8)a

20 (1.6)
3 (0.2)

20 (1.6)

0 (0)
20 (1.6)

284 (22.1)

269 (20.9)
15 (1.2)

2 (0.2)

329 (25.6)

R a t s t r a i n

BN/BiRij

(no.of rats = 1238)

14 (6.3)

10 (4.5)
4 (1.8)

2 (0.9)

0 (0)
2 (0.9)

167 (75.3)

162 (73.0)
5 (2.3)

0 (0)

183 (82.4)

Sprague-Dawley

(no.of rats = 1151)

38 (5.7)

9 (1.4)
29 (4.4)

28 (4.2)

2 (0.3)
26 (3.9)

342 (51.6)

318 (48.0)
24 (3.6)

7 (1.1)

415 (62.6)



MALIGNANT NEOPLASMS

Noninvasive carcinoma

Tubulopapillary CA
Compact tubular CA
Cribriform-comedo CA

Invasive carcinoma

Tubulopapillary CA
Compact tubular CA
Cribriform-comedo CA
Anaplastic CA

Carcinoma arising in
fibroadenoma

Carcinosarcoma

Sarcoma

Total malignant

Total, all neoplasms

WAG/Rij

(no.of rats = 1350)

892 (69.4)

388 (30.2)
147 (11.4)
357 (27.8)

30 (2.3)

7 (0.5)
4 (0.3)
16 (1.2)
3 (0.2)

30 (2.3)

4 (0.3)

1 (0.1)

957 (74.4)

1286 (100.0)

R a t s t r a i n

BN/BiRij

(no.of rats = 1238)

28 (12.6)

10 (4.5)
11 (5.0)
7 (3.2)

7 (3.2)

2 (0.9)
2 (0.9)
2 (0.9)
1 (0.5)

1 (0.5)

1 (0.5)

2 (0.9)

39 (17.6)

222 (100.0)

Sprague-Dawley

(no.of rats = 1151)

206 (31.1)

127 (19.2)
52 (7.8)
27 (4.1)

15 (2.3)

6 (0.9)
4 (0.6)
4 (0.6)
1 (0.2)

14 (2.1)

5 (0.8)

8 (1.2)

248 (37.4)

663 (100.0)



5.2 Tumor Types and Treatment Relationships
A summary of the various histological types of benign and malignant

mammary neoplasms found in WAC/Rij, BN/BiRij and Sprague-Dawley rats is

given in Table 5.1. The data in this table are derived by combining all

control and experimental groups, and the numbers of specific tumor types

are also given as a percent of the total number of neoplasms found in each

strain. This table serves to illustrate the overall strain differences

observed in this study. The majority of the neoplasms found occurred in

the WAC/Rij strain. Almost three fourths of the neoplasms in this strain

were histologically malignant, whereas in BN/BiRij and Sprague-Dawley

rats, roughly one fifth and one third, respectively; of the mammary neo-

plasms were malignant. The largest proportion of these were carcinomas in

all three strains. Carcinosarcomas and sarcomas occurred infrequently, and,

in terms of absolute numbers, these tended to develop slightly more fre-

quently in Sprague-Dawley rats than in the other two strains. BN/BiRij and

Sprague-Dawley rats developed proportionately more fibroadenomas and

adenomas than did WAG/Rij rats.

It should be mentioned that, although few in number, no differences

were discerned in the histological types of mammary tumors which developed

in ovariohysterectomized rats (with or without irradiation and/or estrogen)

as compared to those arising in their intact counterparts. For this reason,

the tumors found in the various treatment groups of ovariohysterectomized

rats were considered together with those of intact rats for the various

analyses of treatment-morphology relationships in this chapter.

In Table 5,2, an analysis is presented of the major histological types

of benign mammary tumors according to radiation type. The data presented

show the number of a specific tumor type as a proportion of the total

number of benign tumors, or relative incidence, in the particular group.

Due to the small number of tumors in the control groups, only certain

trends could be sought; however, no obvious effect of the type of radiation

on the histological types of benign tumors could be found. Fibroadenoma

NOS predominated in each radiation group in each strain. Additionally, in

Sprague-Dawley rats, the relative incidence of proliferative fibroadenomas

decreased in the irradiated groups as compared to the nonirradiated

controls. This decrease was significantly different from the control value

(p < 0.05)* only for the 15 MeV neutron-irradiated group, however. Table

* Note: unless otherwise stated, all statistical evaluations in this chapter were done with
the 2-tailed exact Fisher test.
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TABLE 5.2 RELATIONSHIP OF HISTOLOGICAL TYPES OF BENIGN MAMMARY NEOPLASMS

IN NONESTROGEN-TREATED RATS TO RADIATION TYPE (Experiment I]

N e u t r o n s

/AG/Rij Fibroadenoma, NOS
Proli f.fi broadenoma
Tubular adenoma
Secretory adenoma
Papillary cystadenoma
Otherc

WBiRij Fibroadenoma, NOS
Prolif.fibroadenoma
Tubular adenoma
Secretory adenoma
Papillary cystadenoma
Other

SPRAGUE-DAWLEY Fibroadenoma, NOS
Prolif.fibroadenoma
Tubular adenoma
Secretory adenoma
Papillary cystadenoma
Other

Nomrrad.
Controls

3/3 (100)b

0/3
0/3
0/3
0/3
0/3

3/3 (100)
0/3
0/3
0/3
0/3
0/3

9/13 (69)
3/13 (23)
0/13
1/13 (8)
0/13
0/13

X ra.ya

33/36
0/36
3/36
0/36
0/36
0/36

30/31
1/31
0/31
0/31
0/31
0/31

62/78
6/78
1/78
5/78
1/78
3/78

(92)

(8)

(97)
(3)

(79)
(8)
(1)
(6)
(1)
(4)

0.5 MeV

19/20
1/20
0/20
0/20
0/20
0/20

18/19
1/19
0/19
0/19
0/19
0/19

20/26
1/26
3/26
1/26
1/26
0/26

(95)
(5)

(95)
(5)

(77)
(4)
(12)
(4)
(4)

4.2 MeV

30/36
1/36
2/36
0/36
2/36
1/36

21/23
1/23
0/23
1/23
0/23
0/23

41/46
2/46
0/46
2/46
1/46
0/46

(83)
(3)
(6)

(6)
(3)

(91)
(4)

(4)

(89)
(4)

(4)
(2)

15 MeV

27/31
2/31
1/31
0/31
1/31
0/31

34/37
0/37
2/37
1/37
0/37
0/37

44/55
1/55
3/55
4/55
0/55
3/55

(87)
(6)
(3)

(3)

(92)

(5)
(3)

(80)
(2)
(5)
(7)

(5)

a Results from three to four radiation dose levels combined in each column.
b No. of specific tumor type/total no. benign mammary tumors in group (percent).
c Includes fibromas and papillomas.



5.3 examines the distr ibution of the same benign neoplasms according to

estrogen treatment, both in irradiated as well as in nonirradiated rats. The

relative incidence of fibroadenomas (NOS) decreased in the irradiated

groups administered estrogen. This decrease was significant in the three

strains: WAC/Rij, p < 0.05; BN/BiRi j , p < 0.005; Sprague-Dawley, p <

0.05. The proportion of the other benign tumors increased marginally,

although some signif icantly, e.g. papillary cystadenomas in WAC/Rij

(p < 0.05) and Sprague-Dawley rats (p < 0.0001) and tubular adenomas in

BN/BiRij rats (p < 0.005).

The same treatment-based analyses were done for the major histological

types of malignant neoplasms, and the results are listed in Tables 5.4 and

5.5. No consistent overall effects of radiation type on the relative incidence

of specific types of malignant mammary tumors can be discerned (Table 5.4).

In several instances slight differences are evident. For example, compact

tubular carcinomas showed a slight predominance over the other carcinoma

types in nonirradiated and X-irradiated WAC/Rij rats, whereas the tubulo-

papillary carcinoma occurred as frequently or sl ightly more frequently in

the neutron-irradiated groups. Although the total number of tumors is

small, tubulopapillary carcinomas occurred more frequently in the X - i r ra -

diated Sprague-Dawley rats than in the ones irradiated with 0.5, 4.2 and 15

MeV neutrons (p < 0 .01, p < 0.005, and p < 0.05, respectively). BN/BiRij

rats developed too few malignancies of the mammary gland to permit fur ther

analysis.

When the relative incidence of these- same histological types of

malignant tumors was analyzed according to estrogen treatment (Table 5.5) ,

a difference in the frequency of the various tumor types became apparent.

Whereas tubulopapillary and compact tubular carcinomas together formed the

predominant histological types in irradiated, nonestrogen-treated WAC/Rij

rats, the cribriform-comedo and tubulopapillary carcinomas together pre-

dominated in estrogen-treated irradiated rats. The relative incidence of

compact tubular carcinomas in irradiated WAC/Rij rats with estrogen !G

significantly lower (p < 0.001) than in those without estrogen, whereas the

relative incidence of cribriform-comedocarcinomas in the estrogen-treated

irradiated rats is higher (p < 0.001) than in the nonestrogen group. It

appears , therefore, that a shift in morphological expression from a compact
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TABLE 5.3 RELATIONSHIP OF HISTOLOGICAL TYPES OF BENIGN MAMMARY

NEOPLASMS TO ESTROGEN TREATMENT (Experiment I]

JAG/Rij Fibroadenoma, NOS
Prolif.fibroadenoma
Tubular adenoma
Secretory adenoma
Papillary cystadenoma
Otherc

3N/B:3ij Fibroadenoma, NOS
Proli f.fi broadenoma
Tubular adenoma
Secretory adenoma
Papillary cystadenoma
Other

SPRAGUE-DAWLEY Fibroadenoma, NOS
Proli f.fi broadenoma
Tubular adenoma
Secretory adenoma
Papillary cystadenoma
Other

Nonirrad.

Without E2

3/3 (100)b

0/3
0/3
0/3
0/3
0/3

3/3 (100)
0/3
0/3
0/3
0/3
0/3

9/13 (69)
3/13 (2c)
0/13
1/13 (8)
0/13
0/13

Controls

With

2/3
0/3
0/3
0/3
1/3
0/3

0/0
0/0
0/0
0/0
0/0
0/0

1/3
0/3
0/3
1/3
1/3
0/3

E2

(67)

(33)

(33)

(33)
(33)

Without

109/123
4/123
6/123
0/123
3/123
1/123

103/110
3/110
2/110
2/110
0/110
0/110

167/205
10/205
7/205
12/205
3/205
6/205

Irradiated

E2

(89)
(3)
(5)

(2)

(<D

(94)
(3)
(2)
(2)

(81)
(5)
(3)
(6)
(1)
(3)

With E2

155/200 (78)
11/200 (5)
14/200 (7)
3/200 (1)
16/200 (8)
1/200 (<1)

56/73 (77)
2/73 (3)
10/73 (14)
3/73 (4)
2/73 (3)
G/73

141/194 (73)
11/194 (6)
2/194 (1)
15/194 (8)
22/194 (11)
3/194 (2)

a Includes X- and neutron-irradiated groups, and all dose levels combined.
b No. of specific tumor type/total no. benign mammary tumors in group (percent).
c Includes fibromas and papillomas.



TABLE 5.4 RELATIONSHIP OF HISTOLOGICAL TYPES OF MALIGNANT MAMMARY NEOPLASMS

IN NONESTROGEN-TREATED RATS TO RADIATION TYPE (Experiment I)

WAG/Rij Carcinoma
tubulopapillary
compact tubular
cri bri form-comedo
anaplastic

Carcinosarcoma
Sarcoma

Nonirrad.
Controls

1/7 (14)C

5/7 (71)
1/7 (14)
0/7
0/7
0/7

X rays'3

8/26 (31)
14/26 (54)
2/26 (8)
1/26 (4)
0/26
1/26 (4)

N e u t r o n s

0.5 MeV 4.2 MeV 15 MeV

6/13 (46)
3/13 (23)
4/13 (31)
0/13
0/13
0/13

6/15 (40)
6/15 (40)
2/15 (13)
0/15
1/15 (7)
0/15

8/18 (44)
5/18 (28)
5/18 (28)
0/18
0/18
0/18

BN/BiRij Carcinoma
tubulopapillary 0/1 1/1 (100) 0/1 1/2 (50) 1/4 (25)
compact tubular 1/1 (100) 0/1 1/1 (100) 0/2 1/4 (25)
cribriform-comedo 0/1 0/1 0/1 0/2 0/4
anaplastic 0/1 0/1 0/1 0/2 0/4

Carcinosarcoma 0/1 0/1 0/1 1/2 (50) 0/4
Sarcoma 0/1 0/1 0/1 0/2 2/4 (50)

SPRAGUE-DAWLEY Carcinoma
tubulopapillary 0/1
compact tubular 0/1
cribriform-comedo 0/1
anaplastic 0/1

Carcinosarcoma 0/1
Sarcoma 1/1 (100)

6/7 (86)
0/7
1/7 (14)
0/7
0/7
0/7

1/8 (13)
2/8 (25)
G/C
1/8 (13)
2/8 (25)
2/8 (25)

0/7
3/7 (43)
0/7
0/7
1/7 (14)
3/7 (43)

2/8 (25)
4/8 (501

0/8
0/8
0/8
2/8 (25)

a Includes all aDsorbed dose levels.
b Includes specific types diagnosed as noninvasive and invasive CA, as well as those arising in fibroadenomas.
c No.of specific histological type/total no.malignant tumors in group (percent).



TABLE 5.5 RELATIONSHIP OF HISTOLOGICAL TYPES OF MALIGNANT MAMMARY NEOPLASMS

TO ESTROGEN TREATMENT (Experiment I)

lAG/Rij

3N/BiRij

SPRAGUE-DAWLEY

Carcinoma
tubuiopapiilary
compact tubular
cribriform-comedo
anaplastic

Carcinosarcoma
Sarcoma

Carcinoma
tubuiopapi 11 a ry
compact tubular
cri bri form-comedo
anaplastic

Carcinosarcoma
Sarcoma

Carcinoma
tubuiopapi 1 lary
compact tubular
cribriform-comedo
anaplastic

Carcinosarcoma
Sarcoma

Nomrrad

Without E2

1/7 (14)c

5/7 (71)
1/7 (14)
0/7
0/7
0/7

0/1
1/1 (100)
0/1
0/1
0/1
0/1

0/1
0/1
0/1
0/1
0/1
1/1 (100)

.Controls

With E2

7/44 (16)
10/44 (23)
27/44 (61)
0/44
0/44
0/44

1/1 (100)
0/1
0/1
0/1
0/1
0/1

14/16 (87)
2/16 (13)
0/16
0/16
0/16
0/16

Irradiated

Without E2

28/72 (39)
28/72 (39)
13/72 (13)
1/72 (1)
1/72 (?)
1/72 (1)

3/8 (37)
2/8 (25)
0/8
0/8
1/8 (13)
2/8 (25)

9/30 (30)
9/30 (30)
1/30 (3)
1/30 (3)
3/30 (10)
7/30 (23)

With E2

363/834 (44)
110'834 (13)
356/834 (43)
2/834 (<1)
3/834 (<1)
0/834

8/29 (28)
11/29 (38)
9/29 (31)
1/29 (3)
0/29
0/29

120/201 (60)
47/201 (23)
32/201 (16)
0/201
2/201 (1)
0/201

a Includes X- and neutron-irradiated groups, and all dose levels combined.
b Includes specific types diagnosed as noninvasive and invasive CA, as well as those arising in fibroadenomas.
c No. of specific histological type/total no.malignant tumors in group (percent).



tubular pattern to a cribriform-comedo pattern has been effected by

estrogen administration. Although the total number of tumors is smaller,

such a shift from compact tubular to cribriform-comedocarcinoma with

estrogen administration is also evident in nonirradiated WAG/Rij rats. The

difference in relative incidence for these two tumor types between estro-

gen-treated and nonestrogen-treated rats is significant (p < 0.05 in both

instances).

In the other two strains, a similar estrogen-associated increase in

relative incidence of cribriform-comedocarcinomas is seen. In BN/BiRij

rats, the relative incidence of compact tubular carcinomas was also

increased in estrogen-treated rats and tubulopapillary carcinomas decreased,

although these changes were not statistically significant. In Sprague-Dawley

rats, on the other hand, the relative incidence of tubulopapillary carcinomas

increased and that of compact tubular carcinomas decreased in the estrogen-

treated as compared to the nonestrogen-treated irradiated animals. Only the

difference for tubulopapillary carcinomas was statistically significant

{p < 0.005), however. Interestingly, in irradiated nonestrogen-treated

BN/BiRij and Sprague-Dawley rats, one third of the malignant neoplasms

were carcinosarcomas and sarcomas. These tumor types essentially did not

occur in the estrogen-treated groups. Significant differences in the pro-

portions of these neoplasms between estrogen-treated and nonestrogen-

treated rats were found for sarcomas in BN/BiRij rats (p < 0.05), and

carcinosarcomas (p < 0.05) and sarcomas (p < 0.001) in Sprague-Dawley

rats.

In the two previous tables, the carcinomas were listed according to

histological pattern and no further distinction was made on the basis of

their histological growth characteristics. In Table 5.6, a summary of the

malignant neoplasms found in the three strains is given, including a sub-

division of carcinomas according to growth characteristics. Strain differ-

ences in the relative incidence of the various types of malignant tumors

have already been alluded to. The number and types of neoplasms giving

rise to distant metastases are also noted in the table, as are the tissue

sites involved. In this experiment, a total of ten metastatic mammary neo-

plasms was found, eight of which were carcinomas and two carcinosarcomas.

The number of metastasizing carcinomas as a percent of all carcinomas found

in each strain was small: 0.9%, 2.5% and 0.9% for WAG/Rij, BN/BiRij and

Sprague-Dawley rats, respectively. If one excludes from consideration those



TABLE 5.6 SUMMARY OF MALIGNANT MAMMARY TUMOR TYPES AND THEIR HISTOLOGICAL GROWTH PATTERNS

(Experiment I)

Non- Invasive Arising Total Metastases
invasive in tumors (site)

fi broad.

WAG/Rij
(n=1350)

BN/BiRij
(n=1238)

SPRAGUE-DAWLEY
(n=1151)

a Tumors giving rise

Carcinoma
tubulopapillary
compact tubular
cribriform-comedo
anaplastic

Carcinosarcoma
Sarcoma

Carcinoma
tubulopapillary
compact tubular
cribriform-comedo
anaplastic

Carcinosarcoma
Sarcoma

Carcinoma
tubulopapillary
compact tubular
cribriform-comedo
anaplastic

Carcinosarcoma
Sarcoma

to metastases were histoloaic,

388
147
357

0
0
0

10
11
7
0
0
0

127
52
27

0
0
0

ally invasive

7
4

16
3
4
1

2
2
2
1
1
2

6
4
4
1
5
8

in t

4
2

24
0
0
0

0
1
0
0
0
0

10
2
2
0
0
0

i cases, and

399
153
397

3
4
1

12
14
9
1
1
2

143
58
33

1
5
8

noninvasive in

0
oa5 (lung 4x,lymph node lx
0
0
0

0
0
0
1 ( lung, l iver)
0
0

1. (lymph node)
lb( lung)
0
0
2 (lung 2x,lymph node 2x,
0 heart lx )

one.



neoplasms judged histologically to be "either noninvasive or arising \ ithin a

fibroadenoma, and the number of metastasizing carcinomas is expressed as a

percentage of the invasive carcinomas, the results are very similar for the

three strains: WAG/Rij, 13% ('4/30, disregarding the single case in which

hi~tological evidence of invasiveness could not be demonstrated in the

available sections of the primary neoplasm), BN/BiRi j , 14% (1 /7) , and

Sprague-Dawley, 13% (2/15). Carcinosarcomas in Sprague-Dawley rats meta-

stasized in 40% of the cases (2 /5) . Metastases were most often found in the

lungs (eight cases) followed by lymph nodes (four cases), liver (one case)

and heart (one case).

Because of these small numbers, a correlation between treatment and

development of metastasizing neoplasms was not sought. The treatment back-

ground for the rats developing metastasizing mammary tumors was as

follows: WAC/Rij, 0.5 MeV neutron irradiation with estrogen administration

(two cases, one intact and one ovariohysterectomized), 4.2 MeV neutron

irradiation with estrogen administration (three cases, two intact and one

ovariohysterectomized); BN/BiRi j , 15 MeV neutron irradiation and estrogen

administration (one case, intact) ; Sprague-Dawley, 0.5 MeV neutron irradia-

tion (two cases, intact) , 4.2 MeV neutron irradiation (one case, intact) and

estrogen administration without irradiation (one case, intact) .

In Table 5.7, the relative incidence of invasive carcinomas is given for

the three strains. The data are listed according to radiation type as well as

estrogen treatment. The relative incidence of invasive carcinomas was

highest in BN/BiRij rats (19%), followed by Sprague-Dawley (6%) and

WAC/Rij rats (3%). In both WAC/Rij and Sprague-Dawley rats, the relative

incidence of invasive carcinomas was significantly higher in nonestrogen-

treated rats than in those receiving the hormone (p < 0.05). In BN/BiRij

rats, the relative incidence was not significantly different for these two

treatment categories. No consistent differences in the relative incidence of

invasive carcinomas in the various radiation groups of the three strains

were seen.

In Chapter 4, a description was given of metaplasias found in some

mammary carcinomas in this series. Two types of metaplastic changes were

observed: squamous and sebaceous. The frequency of occurrence and the

types of carcinomas harboring the metaplastic changes are listed in Table

5.8. Squamous metaplasia was seen in 8.6% of carcinomas in WAC/Rij rats

and the tumor type most frequently associated with this metaplastic change
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TABLE 5.7 INVASIVE CARCINOMAS AS A PROPORTION OF ALL MAMMARY CARCINOMAS

IN RELATION TO TREATMENT (Experiment I)

Nonirrad.
Controls

WAG/Rij

BN/BiRij

SPRAGUE-DAWLEY

X ray

N e u t r o n s

0.5 MeV 4.2 MeV 15 MeV Total

Without
With

Without
With

Without
With

E2
E2

E2
E2

E2
E2

0/7a

0/44

0/1
0/1

1/16 (6)

3/25 (12)
1/125 (1)

0/1
0/7

0/7
0/52

2/13
7/230

0/1
1/9

2/4
7/53

(15)
(3)

(11)

(50)
(13)

0/14
12/274 (4)

0/1
3/8 (37)

1/3 (33)
2/41 (5)

1/18
4/202

1/2
2/5

1/6
1/53

(6)
(2)

(50)
(40)

(17)
(2)

6/77 (8)
24/875 (3)

30/952 (3)

1/6 (17)
6/30 (20)

7/36 (19)

4/20 (20)
11/215 (5)

15/235 (6)

a No. with invasive careinomas/tota1 no.carcinomas in group (percent).



TABLE 5.8 FREQUENCY OF SQUAMOUS AND SEBACEOUS METAPLASIA IN MAMMARY CARCINOMAS

ACCORDING TO HISTOLOGICAL TYPE (Experiment I)

WAG/Rij

BN/BiRij

SPRAGUE-DAWLEY

Carcinoma'
type

tubulopapillary
compact tubular
cribriform-comedo
anaplastic

tubulopapillary
compact tubular
cribriform-comedo
anaplastic

tubulopapillary
compact tubular
cri bri form-comedo
anaplastic

No. of
carcinomas

399
153
397
3

952

12
14
9
1

36

143
58
33
1

235

No. with
squamous
metaplasia(%)

5
5

72
0

82

0
1
1
0

2

1
1
1
0

( 1 .
( 3 .
(18

(8 .

(7,
(11

(5.

(0.
(1.
(3.

3)
3)
.1)

6)

1)
.1)

6)

• 7 )
• 7 )
.0)

No. with
sebaceous
metaplasia(%)

2 (0.5)
1 (0.7)
6 (1.5)
0

9 (0.9)

1.1)

1 (2.8)

0
0
0
0

3 (1.3)

a Includes specific types diagnosed as noninvasive and invasive carcinoma, as well as those arising in fibroadenomas.



was the cribriform-comedocarcinoma. In several cases, squamous metaplasia

was seen in regions having a cribriform pattern in neoplasms composed pre-

dominantly of another histological pattern, e.g. tubulopapillary. Therefore

this change appeared to be strongly associated with the cribriform-comedo

pattern. Squamous metaplasia appeared to be correlated with prior estrogen

administration (Table 5.9); 9U% (77/82) of the neoplasms in WAC/Rij rats

which contained squamous metaplastic changes were from animals treated

with estrogen. However, this apparent association proved to be spurious,

since it was the result of over-representation of cribriform-comedocarci-

nomas in the estrogen-treated groups. Squamous metaplasia was present in

36% (5/14) and 17% (67/383) of cribriform-comedocarcinomas from nonestro-

gen- and estrogen-treated rats, respectively; the differences are not

statistically significant. In the other strains, squamous metaplasia was seen

less often, and there was no predilection for a specific carcinoma type.

Both cases in BN/BiRij rats and two of the three in Sprague-Dawley rats

occurred in animals treated with estrogen, however.

Focal sebaceous metaplasia was seen in nine carcinomas of WAC/Rij rats

and in one arising in a BN/BiRij rat. Again, in the WAC/Rij rats, this

metaplastic change occurred more often in carcinomas with the cribriform-

comedo pattern than in other types.

As mentioned in Chapter 2, microscopic carcinomas, which were defined

as nonpalpable neoplastic foci discovered incidentally during the histological

examination, but which had the same histological characteristics as the

larger invasive or noninvasive carcinomas, were included in the tabulations

of crude and cumulative tumor incidences. They represent a tangible change

in the tissue of interest and therefore should not be excluded from further

consideration when analyzing the carcinogenic effects of irradiation and

hormone administration. The importance of studying such early neoplastic

lesions in attempting to understand the histogenesis of rat mammary tumors

was noted in Chapter t . The proportion of microscopic carcinomas to all

carcinomas found in the three strains is tabulated in Table 5.10. Micro-

scopic carcinomas accounted for 7% of carcinomas in WAC/Rij rats, 6% in

BN/BiRij rats and 201 in Sprague-Dawley rats. Most of the microscopic

carcinomas were found in animals which had been treated with estrogen as

would be expected, since the majority of all carcinomas developed in those

animal*. No obvious relationship to the type of radiation exposure was

apparent. In addition, the majority of these tumors were detected in animals
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TABLE 5.9 CARCINOMAS WITH SQUAMOUS METAPLASIA IN WAG/Rij RATS AS A PROPORTION OF
ALL MAMMARY CARCINOMAS IN RELATION TO TREATMENT (Experiment I)

N e u t r o n s

WAG/Rij Without

With

E2

E2

Nonirrad.
Controls

O/7a

8/44 (18)

X ray

1/25

20/125

(4)

(16)

0.5 MeV

1/13 (8)

19/230 (8)

4.2 MeV

0/14

19/274 (7)

15 MeV

3/18 (17)

11/202 (5)

Total

5/77

77/875

82/952

(6)

(9)

(9)

a No. carcinomas with squamous metaplasia/total no.carcinomas in group (percent).



TABLE 5.10 MICROSCOPIC CARCINOMAS AS A PROPORTION OF ALL MAMMARY CARCINOMAS IN RELATION TO TREATMENT

(Experiment I)

WAG/Rij Without E2
With E2

Nonirrad.
Controls

1/7 (14)a

4/44 (9)

X ray

0/25
15/125 (12)

N e u t r o n s

0.5 MeV 4.Z MeV 15 MeV Tota l

2/13 (15) 0/14 1/18 (6) 4/77 (5)
15/230 (7) 11/274 (4) 13/202 (6) 58/875 (7)

62/952 (7)

BN/BiRij Without E2
With E2

0/1
0/1

0/1
1/7 (14)

0/1 0/1
1/9 (11) 0/8

0/2
0/5

0/6
2/30 (7)

2/36 (6)

SPRAGUE-DAWLEY Without E2 0/0 1/7 (14) 0/4
With E2 3/16 (19) 15/52 (29) 11/53 (21)

0/3 0/6 1/20 (5)
5/41 (12) 13/53 (25) 47/215 (22)

48/235 (20)

a No. with microscopic carcinomas/total no.carcinomas in group (perceit).



harboring one or more larger, palpable neoplasms (data not shown). The

distribution of microscopic carcinomas according to histological type has not

been tabulated, but it was similar to that tabulated for all carcinomas (see

Table 5.6).

5.3 Topographical Distribution of Mammary Tumors

The topographical distribution of mammary neoplasms in the three rat

strains of this study was analyzed in order to assess whether a particular

predilection existed for a specific anatomical region. For this analysis,

representative samples of neoplasms of two broad categories were taken:

fibroadenomas (including fibroadenona NOS and proliferative fibroadenomas)

and carcinomas (noninvasive and invasive of all histological types, but

excluding those arising in a fibroadenoma). Only those neoplasms were

included which were palpable during life or at the time of necropsy to avoid

the bias introduced by including microscopic tumors, since their localization

would be restricted to the few specific mammary glands routinely sampled in

the absence of grossly visible mammary tumors (see Section 2.9). The distri-

bution of neoplasms other than the types just mentioned was not analyzed

due to their small numbers. The localization of the tumors is shown as the

number per mammary gland, and also per mammary quadrant as a percent of

all tumors in the particular combined treatment group. In addition, the

percentage of neoplasms arising in each mammary chain (left or right) is

also depicted. The differences in the number of tumors arising in the

cranial two quadrants was compared with the number arising in the caudal

two quadrants, and these were statistically evaluated using the 2-tailed

Mann-Whitney U test. The number of tumors arising in the right and left

chains were also compared in this fashion.

There was no significant difference in predilection of fibroadenomas for

the two cranial or caudal quadrants in the strains and treatment

classes depicted with the exception of the irradiated and estrogen-treated

BN/BiRij rats (Fig.5.1). In this group almost two thirds of the fibro-

adenomas originated in the two caudal quadrants, and the difference

between the two regions was significant (p < 0.05). The slight differences

between tumor localization in left or right chains were not significant. In

the nonirradiated control Sprague-Dawley rats, although the number of

tumors was small, there was a significantly greater predilection for the
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nonirrod.
controls
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Fig. 5.1 Topographical distribution of a representative sample of fibro-
adenomas (including fibroadenoma NOS and proliferative fibroadenoma) in
irradiated rats (X rays and neutrons) and irradiated rats implanted with
estradiol-17(l (E2).
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cranial quadrants (p < 0.05). The other nonirradiated control groups

contained too few fibroadenomas to permit analysis.

Carcinomas in the irradiated or irradiated and estrogen-treated rats

generally tended to arise more frequently in the caudal two quadrants in

the three strains based on the percent of tumors in each group (F ig .5 .2) .

However, the differences between cranial or caudal localization were only

significant for estrogen-treated irradiated Sprague-Dawley rats (p < 0.001).

The differences between the left and r ight mammary chains were not s igni f i -

cant in any of the groups. In the nonirradiated control WAG/Rij rats,

although their total number was small, carcinomas arose only in the caudal

quadrants (p < 0.0005). Similarly, in the nonirradiated estrogen-treated

WAG/Rij and Sprague-Dawley rats, the predilection for the caudal quadrants

was significant (p < 0.005 for both groups).

5.4 Discussion
Despite the large body of knowledge concerning rat mammary neoplasia

that has been collected over the years, relatively little attention has been

pzid to defining the various histological types of mammary neoplasms that

result following specific experimental procedures. Only recently have efforts

been expended to this end as exemplified by a study in which the histolo-

gical types of neoplasms, both spontaneous and DMBA-induced, arising in a

single rat strain (Sprague-Dawley) were carefully described (Komitowski et

a l . , 1982). In the past, it was not uncommon for investigators studying

radiation or chemical carcinogenesis in the rat mammary gland to report

their morphological results in terms of a single class of neoplasms, i.e.

"mammary tumors". Lately, such studies generally distinguish between two

classes of neoplasms, fibroadenomas and adenocarcinomas. The rationale for

adhering to this practice, which is largely one of convenience, has not been

adequately explored. It may be fully justifiable to combine a variety of

tumor types into two categories in order to evaluate dose-effect relation-

ships. However, without an appreciation of the effects of different treat-

ments on mammary tumor histology, such a practice may not always be

tenable and many meaningful treatment or dose-effect relationships may be

lost or misinterpreted. The purpose of this chapter was to examine whether

correlations existed between mammary tumor histology and the types of

experimental procedures employed in this study, i.e. irradiation and/or

estrogen administration.
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The necessity of carrying out studies such as reported here in more

than one strain or laboratory rodent was corroborated by the data which

indicated that considerable strain differences exist in the responses to

similar types and absorbed doses of ionizing radiation and hormone admini-

stration. Other investigators (Holtzman et a l . , 1979a; Shellabarger et a!.,

1978) have also noted considerable strain differences following similar

treatments, and the danger inherent in drawing conclusions from results

derive:! from one strain of rat is clear. For example, WAC/Rij rats showed a

greater overall tendency to develop more carcinomas in these experiments

than did the other two strains; Sprague-Dawley and BN/BiRij rats deve-

loped more benign tumors, principally fibroadenomas. Sprague-Dawley rats

tended to develop more of the various types of benign tumors, other than

fibroadenomas, than did the other strains, and BN/BiRij rats generally

developed few of all types of mammary neoplasms.

X irradiation or irradiation with neutrons of different energies did not

appear to induce important differences in numbers of specific types of

mammary neoplams in the three rat strains. Estrogen, on the other hand,

either alone or in combination with irradiation, caused a shift in the pattern

of the types of carcinomas induced to one where the cribriform-comedo type

increased in proportion to the other types. As far as the benign tumors are

concerned, estrogen caused an increase in the relative numbers of tumors

other than fibroadenomas.

Invasiveness of carcinomas, as a histological characteristic with

possible biological significance relevant to the human situation, has received

virtually no attention in studies of rat mammary carcinogenesis. To be sure,

such neoplasms occurred relatively infrequently in these rat strains

(although their actual number may have been underestimated, as discussed

in Section H.U.2) but the use of this morphological designation deserves

continued consideration. Despite their overall low frequency, it appeared

that invasive carcinomas relative to all carcinomas developed more often in

rats not receiving estrogen thdn in those that did. Whether this is related

to the overall shorter survival of the latter cannot be ruled out at present.

Metastases from mammary tumors were shown to occur relatively rarely

in these rat strains, and various aspects relating to this expression of

malignant behavior have been discussed in Section 4.6.2 and will not be re-

iterated here. The types of tumors giving rise to metastases and the tissue

sites affected by metastatic deposits were recorded.
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Two types of metaplasia in carcinomas were briefly analyzed. There

appeared to be a relation to a particular histological tumor type as well as

strain related factors in the expression of this change.

The topographical distribution of fibroadenomas and carcinomas was

examined in these three rat strains. In general, fibroadenomas appef"--d to

be equally distributed over the mammary glands in the treated groups, with

a few exceptions. There was a tendency for carcinomas to develop slightly

more frequently in the caudal quadrants, although the differences, with a

few exceptions, just exceeded the 5% level of significance. The localization

of rat mammary tumors following DMBA administration has been analyzed

(Torgersen, 1975; Young and Hallowes, 1973) and they were found "o favor

the cranial quadrants with a ratio of 2:1. A reason for this predilection was

not apparent, but one hypothesis put forth was that the glands of the

cranial quadrants may have a higher number of terminal epithelial struc-

tures than the glands in the caudal quadrants. Exact data pertaining to

this issue seem to be lacking, although Russo and Russo (1978a) state that,

in Sprague-Dawley rats, the second, third and fourth pairs of glands have

larger surface areas than do the f irst, fifth and sixth pairs. No specific

data in support of this statement were shown, however. Cutts and Noble

(1964), in their study on estrogen-induced mammary tumors in a hooded

strain of rat, reported that carcinomas tended to occur slightly more often

in the caudal quadrants than in the cranial ones (54% vs 46%). In radiation

studies employing Sprague-Dawle/ rats. Bond et al. (1960b) showed that

there was a slight predilection for the caudal quadrants when fibroadenomas

and adenocarcinomas arising following whole body irradiation were consi-

dered together although no statistical analysis was performed. In experi

ments on the effects of diethylstilbestrol and irradiation in ACI rats in

which only one mammary chain was irradiated, a slight predilection for

mammary carcinomas to arise in the caudal quadrant was apparent (Segaloff

and Pettigrew, 1978). These data were also not subjected to statistical

evaluation.

In conclusion, based on the data presented here, it does not appear

that the transforming events brought about by radiation can be considered

to be specific in inducing particular morphological products. Rather, the

types of observed mammary neoplasms induced by irradiation are probably

influenced greatly by a number of factors, including genetic factors,

hormonal milieu, cyclical or developmental status of the mammary glands,
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mammary cell type transformed, or combinations of several of these.

Although the capacity of rat mammary tumors to display markedly different

histological patterns is somewhat restricted, the carcinomas as well as many

fibroadenomas were often observed to be mixtures of two or more patterns,

which suggests that several different factors may be influencing the mor-

phological expression of the tumors. Based on these considerations, it may

be concluded that combining several tumor types of closely related histo-

genetic origin (i.e. the various types of carcinomas) for the purposes of

evaluating dose-effect relationships is probably justified. In addition, it was

shown that histological evidence of invasiveness in carcinomas was attended

to by an increased metastasizing capacity. The histologica! type most often

associated with such biological behavior was the cribriform-comedo type.

Thus, such tumors may be most comparable to the human situation.

Knowledge of the morphological spectrum of the spontaneous and induced

neoplasms is desirable, therefore, to assess individual treatment-related

variations and to identify for comparative purposes those tumor types

potentially of interest as relevant models of human breast cancer.
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CHAPTER 6

LESIONS OF THE PITUITARY GLAND AND LIVER

6.1 Introduction
A brief survey will be presented in this chapter of pituitary gland

and liver lesions in the rats of the mammary carcinogenesis studies

described in this monograph. The^e two organs have been selected for

additional scrutiny for different reasons. In the case of the pituitary gland,

the frequent occurrence of pituitary tumors in certain rat strains (Altman

and Coodman, 1979), the ease of induction of these tumors by exogenous

estrogens (Furth et a l . , 1976), their common derivation from prolactin-

secreting mammotropic cells (Furth et a l . , 1976), and the important role of

prolactin in mammary carcinogenesis (Welsch and Nagasawa, 1977) make a

brief consideration of the pathologic changes in this organ compulsory. In

the case of the liver, the availability of animals exposed to exogenous

estrogen makes an analysis of hepatic lesions of interest in view of the

association between estrogenic compounds and certain liver lesions in man

(Ishak, 1981).

The analysis of pituitary gland and liver lesions will be limited to

selected groups of rats from Experiment I. As noted in Chapter 3, this

experiment involved comparable numbers of rats of the three strains

irradiated with single whole body doses of X rays or neutrons of different

energies, with or without estrogen administration, and their respective

nonirradiated control groups. The effects of fractionated irradiation

(Experiments II and III) on the frequency and types of lesions in these

organs will not be considered further here.

It should be mentioned that, since these studies involved complete

necropsies of all experimental animals, data is available oi. the spontaneous,

radiation- and estrogen-induced neoplastic and nonneoplastic lesions in

other organs as well. The nature and frequencies of pathological changes in

organs such as the ovary, uterus, cervix and vagina frc.Ti rats exposed to
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estrogen with and without irradiation may be of potential value in view of

the current concern regarding the possible risks of ovarian and gynecologic

malignancies in relation to the use of contraceptive or replacement estrogens

in women (Lucas, 1981; Weiss et a l . , 1982). A variety of lesions has been

observed in these organs in the three rat strains studied, including ovarian

cysts, granulosa-theca cell prol i feration, granulosa-theca cell tumors, cystic

endometrial hyperplasia, endometrial stromal polyps, endometrial carcinomas,

cervicovaginal squamous cell carcinomas, and a variety of mesenchymal

neoplasms including stromal sarcomas and benign and malignant smooth

muscle tumors. An analysis of these lesions and their relation to prior

irradiation and/or estrogen treatment will be the subject of a separate

report.

6.2 Pituitary Gland

6.2.1 Background Remarks

As was brief ly alluded to in Chapter 4 (Section 4 .1 .3) , several

pitui tary hormones, prime among which is prolactin, play essential roles in

the development of the normal mammary gland. It is also becoming evident

that prolactin has an important role, or roles, in mammary carcinogenesis in

rats, mice and possibly also in humans. Only the first-named species will be

considered here, however. The rat is of fur ther interest in this regard

since the greatest majority of spontaneous or induced pituitary tumors in

that species produce large amounts of prolactin (Yokoro and Ito, 1981). The

conceptual models current ly proposed concerning the participation of

prolactin in mammary carcinogenesis include a role for this hormone in both

the development and progression of mammary neoplasms (Welsch and

Nagasawa, 1977). It is postulated that prolactin, via its Icnown stimulatory

effect on mammary gland DNA synthesis, creates an environment whereby

the mammary gland is rendered more susceptible to the carcinogenic action

of ionizing radiation and certain chemical compounds (Nagasawa, 1979;

Yokoro et a l . , 1980). In addit ion, by directly promoting the replication of

neoplastic cells, prolactin (aided by certain other hormones as well, e .g .

estrogen) enhances the growth of newly transformed tumor cells or

well-established mammary neoplasms (Welsch and Nagasawa, 1977).

In view of the above, an effort should be made in studying mammary

carcinogenesis in rats to take into account any strain-related factors and
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effects of treatment on the pituitary gland, and, in particular, on

prolactin. In the present study, since only limited infornation was available

on the hormonal status of tne animals, an attempt was made to examine

certain pituitary-mammary interrelationships on the basis of morphological

data. These will be discussed below.

6.2.2 Morphological Aspects

Nonneoplastic lesions of the pituitary gland were observed in a

number of rats, although they were not specifically tabulated. A common

lesion was focal or multifocal hyperplasia of the anterior pituitary gland

(Fig.6.1) which was characterized as one or more foci of variable size

composed of a relatively uniform population of cells (e.g. ch romophobes).

Sometimes, a small number of other cell types (e.g. acidophils) could be

found between the hyperplastic cells. Such foci did not cause compression

of the surrounding adenohypophysis, nor did they alter the size and

external architecture of the gland as a whole, but they were clearly

recognizable by virtue of the predominance of a single cell type. The nuclei

Fig. 6.1 Focal hyperplasia of the anterior pituitary gland of a 23 month-
old female WAC/Rij rat. Note that the lesion does not cause compression of
the normal pars distalis. (HPS, x 170)
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of the hyperplastic cells tended to be larger than those of normal cells, and

the amount of cytoplasm was either reduced or increased as compared to

normal cells.

Cysts were sometimes present in the anterior pituitary. They were

located in the pars distalis or at the junction of pars distalis and pars

intermedia. The cysts were most often lined by a sirigle layer of low cuboi-

dal or simple squamous epithelial cells. Variable amounts of melanin pigment

were present in the pituitaries of BN/BiRij rats, and it was located in or

adjacent to the pars intermedia, sometimes spreading out into the pars

distalis, or in the capsule. In a few BN/BiRij rats, small spicules of bone

were found in the anterior pituitary, in normal as well as in hyperplastic

glands (Fig.6.2). No other reactive of proliferative changes accompanied

this finding, and the etiology is obscure. Finally, in ovariohysterectomized

rats, numerous cells containing a single, large, round, intracytoplasmic

vacuole or globule were in the anterior pituitary gland. When stained with

the periodic acid Schiff's (PAS) reaction, these so-called "castration cells"

(Bloom and Fawcett, 1975) had a strongly PAS-positive cytoplasmic rim.

Fig. 6.2 Ectopic bone formation within a focus of hyperplasia in the pars
distal is of an 18 month-old female BN/BiRij rat. The pars intermedia and
pars nervosa are in the upper left-hand corner. (HPS, x 65)
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Fig. 6.3 Cross photograph of pituitary adenoma in situ after removal of the
brain. This tumor is from a 36 month-old female WAG/Rij rat. (Bar = 1 cm)

suggesting that they were the glycoprotein hormone-secreting gonadotropes.

Neoplasms of the anterior pi tui tary were common findings in the rats

of this study. Crossly, they ranged in size from barely visible nodules or

small red foci on the surface of the gland, to large solid or friable and

often hemorrhagic masses 1 cm or more in diameter (F ig .6 .3) . Such large

tumors indented the base of the brain and caused hydrocephalus. Sometimes

pitui tary tumors were only detectable microscopically. Such micro-tumors

were distinguishable from hyperplastic foci in that they compressed the

surrounding normal tissue and were sharply demarcated from i t .

The histological appearance of the anterior pi tui tary tumors varied

somewhat, but in general they conformed to the descriptions by others

(Berkvens et a l . , 1980; Burek, 1978; Fong et a l . , 1982; Kovacs et a l . ,

1977; Lee et a l . , 1982; Trouillas et a l . , 1982), and will therefore not be

described in detail. Most tumors were uniformly solid or trabecular and

often hemorrhagic, or they were composed of a combination of these

patterns (F ig.6.4A) . As also described by Burek (1978), some tumors were

composed of two or more morphologically distinct nodules, which suggested

that certain of them were multicentric in or ig in . The cells comprising the

tumors were well differentiated and uniform in appearance in some cases

(Fig.6.4B), and showed varying degrees of anaplasia in other cases.

163



164

Fig. 6.<t A. A single, we)1-eircurascribed pituitary adenoma arising in the pars
distal is of a 36 month-old female WAC/Rij rat. There is distinct compression of
the surrounding pars distal is. Note the dilated vascular spaces in the center of
the tumor. The pars nervosa and pars intermedia are shown to the right of the
tumor. (HPS, x ^0) B. Higher magnification of pituitary tumor shown in A. The
cells are uniform in appearance and have granular or vacuolated cytoplasm.
Several blood-filled spaces are shown. (HPS, x <i00)



Prominent cellular and nuclear pleomorphism, an increased number of

mitoses, and large cells with bizarre nuclei were not uncommon. In some

cases, invasion of the leptomeninges and the perivascular spaces at the

base of the brain was seen (F ig .6 .5) , as also described by others

(Berkvens et a l . r 1980; Burek, 1978; Magnusson et a l . , 1979). Based on

such histological characteristics, some tumors could be called malignant,

although in no instance were distant metastases discovered. Nonetheless,

anterior pi tui tary tumors were diagnosed as adenomas and carcinomas, the

latter diagnosis being reserved str ict ly for those tumors showing evidence

of local invasion in the surrounding tissues. For the purposes of this

study, however, they will be considered together and referred to simply as

pitui tary tumors. In addit ion, no attempt was made to classify them as

chromophobe, acidophile or basophile tumors, since numerous studies have

clearly shown the diff iculties inherent in determining the cell of origin on

ordinary histological sections, and immunocytochemical methods are essential

in classifying these tumors (see review by Furth et a l . , 1976).

Fig. 6.5 Growth into the leptomeninges and hypothalamus of pituitary tumor
from a 32 month-old female BN/BiRij rat. There is considerable hemorrhage
and dilatation of blood vessels. (HPS,x 65). Inset: Higher magnification of
tongue-like extension of tumor cells invading the hypothalamus.
Hemosiderin-laden macrophages are also present. (HPS,x 170)
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Fig. 6.6 Crude incidence of p i t u i t a r y tumors in in tac t c o n t r o l , X - i r rad ia -
ted and 0.5 MeV neutron- i r radiated female WAC/Rij, BN/BiRij and Sprague-
Dawley r a t s , w i th (+E2) and without (-E2) estradio]-17P admin is t ra t ion.

Only rarely were other types of pituitary neoplasms encountered in
these rats, including, for example, tumors of the pars intermedia and a
primary osteosarcoma of the pars distalis.

6.2.3 Effect of Irradiation and/or Estrogen Administration on
Pituitary Tumor Incidence

The crude incidence of pituitary tumors in irradiated and
nonirradiated WAC/Rij, BN/BiRij and Sprague-Dawley rats, with and without
estrogen administration, is shown in Figure 6.6. Of the irradiated groups
from Experiment I, only the results obtained in the X-irradiated and
0.5 MeV neutron-irradiated rats are shown since the data for the 4.2 MeV
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and 15 MeV neutron groups were generally quite similar. The crude

incidence of pituitary tumors in untreated control rats was 831, 25% and 80%

for WAC/Rij, BN/BiRij and Sprague-Dawley rats, respectively, and 93%, 37%

and 85% for the estrogen-treated nonirradiated rats of the three respective

strains. The crude pituitary tumor incidences in irradiated rats, both the

estrogen-treated as well as the nonestrogen-treated groups, were either

lower than, or similar to, the incidences in nonirradiated control rats. Only

in estrogen-treated BN/BiRij rats did the crude incidence in the highest

radiation dose groups clearly exceed that of the controls. It should be

recalled, however, that the mean survival ages of irradiated rats were lower

than those of the controls (see Appendix Tables A1-A12), and thus such

tumor incidence data should be analyzed on an age-specific basis. The

cumulative pituitary tumor incidences were calculated according to the life

table method of Cutler and Ederer (1958)(see Chapter 2, Section 2.10) and

the results for the same groups shown in Figure 6.6 are depicted in

Figures 6.7 to 6.9. In general, it appeared that, in the dose range

studied, X irradiation in the absence of exogenous estrogens did not

increase the cumulative pituitary tumor incidence over that of controls in

the three rat strains. Only in Sprague-Dawley rats (Fig.6.9) was the

cumulative incidence in the highest dose group (2 Gy X rays) slightly

increased at younger ages. The effect of the estrogen implant in control

and X-irradiated rats was to shift their cumulative incidence curves forward

in time with respect to those of the nonestrogen-treated groups. In the

estrogen-treated rats, the highest X ray dose (4 Cy) in WAC/Rij rats

(Fig.6.7) and two dose levels (0.3 and 2 Gy) in Sprague-Dawley rats

(Fig.6.9) caused an increase in the pituitary tumor incidence at an earlier

age as compared to the other groups.

The cumulative pituitary tumor incidences in 0.5 MeV neutron-

irradiated WAG/Rij rats without estrogen (Fig.6.7) appeared to increase

proportionally to the dose, although the final values failed to reach that of

the control group, due to the latter's longer survival. In BN/BiRij

(Fig.6.8) and Sprague-Dawley (Fig.6.9) rats, the highest dose of neutrons

studied (1.02 and 0.41 Gy, respectively) clearly enhanced pituitary tumor

development at an earlier age as compared to the controls and the lower

neutron dose groups. Estrogen administration to neutron-irradiated rats

had a similar effect as it did in the X-irradiated animals, i.e. causing

an increase in the pituitary tumor incidence at earlier age intervals. No
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Fig. 6.7 Cumulative incidence of pituitary tumors in intact female WAC/Rij tats following
single dose whole body X irradiation, X irradiation and estradiol-17p(E2) administration, 0.5
MeV neutron irradiation, and 0.5 MeV neutron irradiation and estradiol -17p administration.
Arrow indicates time of irradiation.
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Fig. 6.8 Cumulative incidence of pituitary tumors in intact female BN/BiRij rats following
single dose whole body X irradiation, X irradiation and estradiol-17p (E2) administration,
0.5 MeV neutron-irradiation, and 0.5 MeV neutron irradiation and estradiol-17p administra-
t ion. Arrow indicates time of irradiation.
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Fig. 6.9 Cumulative incidence of pituitary tumors in intact female Sprague-Dawley rats
following single dose who!e body X irradiation, X :rradistion and estradiol-17p (E2) admini-
stration, 0.5 MeV neutron irradiation, and 0.5 MeV neutron irradiation and esttadiol-17p
administration. Arrow indicates "Mme of irradiation.



remarkable additional effect of neutron dose was evident in these rats,
except that the pituitary tumor incidence in the highest dose group (1.02
Cy) of BN/BiRij rats (Fig.6.8) increased at an earlier age as compared to
t^e controls and lower dose groups.

Spontaneous pituitary tumors are common in almost all rat strains
(Altman and Goodman, 1979; Furth et a l . , I976). Burek (1978) studied the
incidence with age of pituitary tumors in untreated female WAG/Rij and
BN/BiRij rats allowed to complete their full life spans. The crude pituitary
tumor incidences in these two strains (95% and 26% for WAG/Rij and
BN/BiRij rats, respectively) were similar to those found in the untreated
control groups of the present study. He showed that the first tumors were
found in rats dying around 18 months of age and that the age-associated
incidence, especially in WAG/Rij rats, increased sharply after 21 months of
age, continuing to rise for the duration of the life span. In addition, in a
separate experiment, Burek (1978) showed that 7% of female WAG/Rij rats
killed at 11 months of age and 27% of those killed at 21 months of age
already had pituitary tumors, about half of which were microscopic tumors.
He interpreted these findings to indicate that pituitary tumors are rapidly
growing and may contribute to the death of the animal soon after arising.
The effects of radiation and/or hormone administration on pituitary tumor
incidence have to be interpreted in light of such findings. It is clear that
overall increases in incidence as a result of treatment will be difficult to
detect in strains having a spontaneous lifetime incidence of around 90%,
such as the WAG/Rij and Sprague-Dawley strains, and any effect of treat-
ment may simply reflect a forward shift in time of the incidence curves.
This was demonstrated to be the case for the most part by the age-specific
cumulative incidence curves shown here. Only in strains with a low spon-
taneous background incidence, such as the BN/BiRij, can any effects of
irradiation on final pituitary tumor incidence become evident. Several
reports indicate that ionizing radiation can induce pituitary tumors in rats
(see reviews by Furth et a l . , 1976, and Yokoro and Ito, 1981), however, in
the absence of full life-span studies, careful evaluation of the results is
necessary.

6.2.4 Interrelationships Between Pituitary Tumors, Plasma Prolactin
Levels and Mammary Tumors

The majority of spontaneously-occurring pituitary neoplasms in rats

have been shown by immunocytochemical staining methods to consist princi-
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pally of prolactin (mammotropic) cells, although growth hormone (sonato-

tropic) cells, adrenocorticotropin (adrenotropic) cells and other types are

occasionally found as well (Furth et a l . , 1976). For example, in a series of

male and female Wistar-derived SPF-Tox strain rats {Berkvens et a l . ,

1980), two thirds of the spontaneous pituitary tumors studied by immuno-

cytochemical means were positive for prolact in, and in male and female

Wistar/Furth/Ico rats (Trouillas et a l . , 1982), 87% of spontaneous pitui tary

tumors were classified as prolactinomas. Spontaneous pitui tary tunors in

aging female (Kovacs et a l . , 1977) and male (Lee et a l . , 1982) Long-Evans

rats were all composed of irnmunoreactive prolactin cells. On the basis of

ul trastructural f indings, spontaneous pitui tary tumors in a series of male

and female Siprague-Dawley rats were likewise regarded as being derived

from mammotropic cells (Majeed et a l . , 1980).

The long-term administration of exogenous estrogens to rats results in

the induction of pi tui tary neoplasms with a high frequency (Clifton and

Meyer, 1956; Furth et a l . , 1976; Yokoro and I to, 1981). The estrogen-

induced pitui tary tumors have been shown to result from the selective

proliferation of prolactin-secreting mammotropes (or acidophils in the older

terminology) (Clifton and Meyer, 1956; Furth et a l . , 1976) and were

commonly designated histologically as chromophobe adenomas, due to the

lack of staining aff inity by ordinary l ight microscopic techniques, or

hemorrhagic adenomas in reference to the numerous blood-filled spaces often

present in such tumors (Yokoro and I to, 1981). The development of estro-

gen-induced pitui tary tumors is preceded and accompanied by elevated

levels o, circulating prolactin (De Nicola et a l . , 1978; Kwa et a l . , 1969;

Nagy et a l . , 1980). Plasma prolactin levels are often more markedly elevated

than the pitui tary prolactin content (Nakagawa et a l . , 1980). By immuno-

cytochemistry and electron microscopy, such tumor cells have been charac-

terized as functionally active, but sparsely granulated mammotropes. The

paucity of secretory granules in these cells is ascribed to the high rate of

synthesis and release of the hormone (De Nicola et a l . , 1978; Furth et a l . ,

1976; Majeed et a l . , 1980). These findings are thought to explain the chro-

mophobic nature of many of the tumor cells by ordinary histological tech-

niques.

In an initial attempt to determine whether the pi tui tary tumors in the

three strains of rats of this study displayed similar immunocytochemical

features as those reported in the l i terature (cited above), a small pilot

series of such tumors was analysed for the presence of immunoreactive pro-
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lactin cells. Six pituitary tumors from estrogen-treated female Sprague-

Dawley rats were fixed in formol-sublimate and processed for prolactin

immunostaining by a modification of the method of Nakane and Pierce (1967)

as described by Holtzman et a l . , (1979b)a. Another group of twelve pitui-

tary glands (four each from female WAG/Rij, BN/BiRij and Sprague-Dawley

rats), including five tumors, were stained for 'prolactin cells by the

immunoperoxidase method of Sternberger et al. (1970) on formalin-fixed

paraffin-embedded sections . Most of these pituitaries were also stained by

the Brookes' carmoisine method (Brookes, 1968).

Based on this limited immunorytochemical data and on studies which

are in progress (van Putten et a l . , personal communication), there is no

indication that the pituitary neoplasms in these rat strains are qualitatively

different from those described in the literature. Immunoreactive prolactin

cells were found in eight pituitary tumors from estrogen-treated rats (seven

Sprague-Dawley, one WAG/Rij) and in two pituitary tumors from Sprague-

Dawley rats not receiving estrogen (Fig.6.10A,B). The number of immuno-

reactive prolactin cells and their staining intensity varied from tumor to

tumor. In hemorrhagic tumors, the staining intensity was greatest in cells

surrounding the blood lakes. The remaining tumor from a nonestrogen-

treated BN/BiRij rat was negative for prolactin cells.

In another series of 68 rats from this study, an attempt was made to

correlate the plasma prolactin levels with the presence or absence of a

pituitary tumor. The plasma was obtained under ether anesthesia immedia-

tely prior to sacrifice from animals which were moribund. The plasma pro-

lactin levels were determined by a homologous double-antibody radioimmuno-

assay method as described by Blankenstein et al. (1981)c. The results of

this analysis are shown in Table 6.1. The rats used for this comparison

were irradiated with X rays or neutrons at various dose levels, and the

data are shown separately for rats which were intact, intact and adminis-

tered estrogen, and ovariohysterectomized with estrogen; ovariohysterecto-

mized animals without estrogen were not included. Although the number of

animals in ôme groups is small, it appears in general that in WAG/Rij and

Spraguc— Dawley rats, the presence of a pituitary tumor was accompanied by

a Kindly performed by Dr.S.Holtzman, Medical Department, Brookhaven, National Laboratory,
Upton, New York,

b Kindly performed by Dr.L.J.A. van Putten, Department of Anatomy and Embryology, Faculty of
Medicine and Dentistry, Catholic University of Nijmegen, Nijmegen, The Netherlands,

c Study performed in collaboration with Dr. M.A. Blankenstein, Department of Biochemistry,
Erasmus University, Rotterdam, The Netherlands.
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Fig. 6.10 A. Pituitary tumor composed of several morphologically different
patterns and arising in the pars distalis of a 25 month-old female Sprague-
Dawley rat. The central compact nodule is surrounded by tumor tissue showing
numerous blood-filled spaces, characteristic of the so-called "hemorrhagic
adenoma". The pars nervosa is seen at the '< wer left. (HPS, x "tO) B. Immuno-
histochemical staining for prolactin in secti'n adjacunt to that shown in A in
area marked by arrows. Few prolactin positive cells ard seen in the compact
portion of the tumor at the top, whereas r^merous cells containing immuno-
reactive prolactin are present in the "hemc rhagic" portion at the bottom.
(Peroxidase-labeleti antibody method, x 65)



TABLE 5.1 THE RELATION OF PLASMA PROLACTIN LEVELS TO THE PRESENCE OR ABSENCE OF PITUITARY
TUMORS IN IRRADIATEDa WAG/Rij, BN/BiRij AND SPRAGUE-DAWLEY RATS

WAG/Rij BN/BiRij Sprague-Dawley

Hormonal
Pituitary Gland Status

No significant Intact
lesions Intact+E2

OVH + E2

PRL No. Mean Age PRL
(range)(mo)

No. Mean Age PRL
(range)(mo)

No. Mean Age
(range)(mo)

32, 449 2 13, 13
1681 ± 361 3 11(7-15)
1520 1 16

268 ± 84 21 21(16-30) 431 + 357 7 17(12-27)
- 1159 1 12
- 382 1 14

Pituitary Tumor Intact
Intact+E2
OVH + E2

3520 1 30 143 ± 54 5
5270 + 2074 6 14(12-17)
6118 ± 3069 8 14(11-17) 528 1

22(17-25) 2016 1 25
4322 ± 1692 9 13(11-15)

14 5760 1 14

Total 21 27 20

a Includes X- and neutron-i,-radiation at various dose levels.
b Prolactin (ng/ml), means ± s.e.m.



an approximately four- to five-fold elevation in plasma prolactin levels as

compared to those without a pituitary tumor. On the other hand, prolactin

levels were not elevated in BN/BiRij rats with pituitary tumors as compared

to those with histologically normal pituitaries. Although few data are

available for WAC/Rij and Sprague-Dawley rats without pituitary tumors, it

appeared nonetheless that estrogen administration caused roughly a three-

to four-fold elevation in prolactin levels in rats of these two strains as

compared to those not receiving estrogen. This finding also suggests that,

following estrogen administration, prolactin levels can become elevated

before histological signs of pituitary neoplasia are evident. These limited

results are further corroborated by more extensive studies of Blankenstein

et al. (submitted for publication) in which was shown that 12 to 24 months

following estrogen administration, plasma prolactin levels were increased

10- to 15-fold in WAG/Rij and Sprague- Dawley rats as compared to untreat-

ed controls of the same age. BN/BiRij rats, on the other hand, showed only

a three- to four-fold increase following estrogen treatment over the same

period. The plasma prolactin levels in untreated WAC/Rij, BN/BiRij and

Sprague-Dawley rats at 3 months of age and between 12 and 2M months of

age (Table 6.2) were not clearly different from each other. Each strain

showed an age-reiated increase in prolactin levels, however. This increase

was greatest for WAC/Rij and Sprague-Dawley rats (approximately 20-fold)

and least for BN/BiRij rats (approximately 12-fold). Further study is

required to identify the exact mechanisms underlying the elevation in

TABLE 6.2 PLASMA PROLACTIN LEVELS IN UNTREATED FEMALE WAG/Rij ,

BN/BiRi j AND SPRAGUE-DAWLEY RATS AT DIFFERENT AGES

Strain

WAG/Rij

BN/BiRij

Sprague-Dawley

3

14

18

17

PRLa

months

± 1 (8)

± 4 (9)

± 2 (24)

12-24

312 ±

214 ±

364 ±

months

150 (23)

51 (32)

109 (28)

a Prolactin (ny/ml), means ± s.e.m (number examined).
(Data from Blankenstein et al., submitted for publication).
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hormone levels in the older animals, but a relation to the increased f re -

quency with age of spontaneous proliferative lesions involving prolac-

tin-secreting cells ( i .e . focal hyperplasia, or adenoma) seems l ikely.

Other investigators (Holtzman et a! . , 1979b; Stone et a l . , 1979;

Wiklund et a l . , 1981) have also reported strain differences in the prolactin

responses to estrogen treatment in several different rat strains. For

example, Holtzman et al . (1979b) and Stone et a l . (1979) observed a 10-

to 40-fold increase in prolactin levels accompanied by a marked increase in

pitui tary tumor incidence in ACI rats following treatment with diethylst i l -

bestrol (DES), whereas in Sprague-Dawley rats , a three- to f ive-fold

increase in prolactin levels was found and pitui tary tumor development was

not observed. Interestingly, their Sprague-Dawley stock behaved in a

fashion analogous to that observed in the BN/BiRij rats of the present

study, whereas the WAG/Rij and Sprague-Dawley rats of this study resem-

bled their ACI rats in terms of prolactin levels and pitui tary tumor

incidence. The divergent results obtained in the Sprague-Dawley rats in

thrse two studies most likely also have their origins in the different genetic

backgrounds of the two respective Sprague-Dawley lines used (see Chapter

2, Section 2.3.3; and van Zwieten et a l . , submitted for publication).

From a number of studies (Blankenstein et a l . , 1981; Blankenstein et

a l . , submitted for publication; Holtzman et a l . , 1979b; Stone et a l . , 1979;

Yokoro et a l . , 1977) it is becoming apparent that the effect of irradiation

and/or estrogens on mammary carcinogenesis in the rat is mediated partly

by the prolactin response. The role of prolactin in the development and

progression of mammary carcinogenesis in the rat has been extensively

reviewed by Welsch and Nagasawa (1977), and some effects of the hormone

on normal and neoplastic mammary cells were brief ly noted in Section 6 . 2 . 1 .

Since data on the plasma prolactin levels were only available for

relatively few irradiated and/or estrogen-treated rats of the present study,

an attempt was made to examine indirectly whether a relationship existed

between presumed elevated prolactin levels ( i .e . presence of a pitui tary

tumor) and mammary tumor incidence. As shown above (see Table 6.1) , the

presumption of elevated prolactin levels in the presence of a pituitary tumor

holds true for WAG/Rij and Sprague-Dawley rats only. The relationship

between pituitary tumors and mammary carcinomas (Table 6.3) and f ibro-

adenomas (Table 6.4) is shown for each of the three strains. Data are

shown for intact nonirradiated controls, X-irradiated and 0.5 MeV neutron-
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TABLE 6.3 RELATIONSHIP BETWEEN PITUITARY TUMORS AND MAMMARY CARCINOMAS IN INTACT IRRADIATED WAG/Rij,
BN/BiRij AND SPRAGUE-DAWLEY RATS WITH OR WITHOUT ESTROGEN ADMINISTRATION

I r r a d i a t i o n

Strain

WAG/Rij

BN/BiRij

Sprague-Dawley

Mammary
carcinomas

Present(+)
or

absent(-)

+

-

+

-

+

-

None

-E2

Pituitary
Tumor

7b 0
23 6

0 1
6 17

0 0
24 6

+E2

Pituitary
Tumor

11

17

0

9

2

15

0

2

0

15

0

3

X

•C2

Pituitary
Tumor

10

37

0

7

6

37

7

33

1

58

0

30

raysa

+E2

Pituitary
Tumor

[s $
2 0

26 35

25 1

49 4

0.5 MeV

-E2

Pituitary
Tumor

4 5

10 45

0 1

5 58

0 3

12 45

Neutronsa

+E2

Pituitary
Tumor

39 12
14 9

5 0

19 36

17 2

21 11

a Includes from three to four radiation dose levels.
b Number of animals.
c Positive correlation, p<0.05 (2-tailed exact Fisher test).



TABLt 6.4 RELATIONSHIP BETWEEN PITUITARY TUMORS AND .'lAMMARY FIBROADENOMAS IN INTACT IRRADIA/ED WAG/Rij,
BN/BiRi;. AND SPRAGUE-DAWLEY RATS WITH OR WITHOUT ESTROGEN ADMINISTRATION

I r r a d i a t i o n

Strain

WAG/Rij

BN/BiRij

Sprague-Dawley

Mammary
carcinomas

Present(+)
or

absent(-)

+

+

-

+

-

a Includes from three to four
b Number of animals.

None

-E2

Pitui tary
Tumor

2b 1

28 5

1 1

5 17

7 1

17 5

radiation dose levels

+E2

Pituitary
Tumor

2
26

0

9

1

16

•

0

2

0

15

0

3

X raysa

-E2

Pituitary
Tumor

[.39

3
4

30

13

18]c

2lJ
26

33

19

11

+E2

Pituitary
Tumor

[45

2

26

15

59

16]

1

34

4

11

0.5 MeV

-E2

Pituitary
Tumor

1.6 4lJ
2 10

3 49

5 10

7 38

Neutronsa

+E2

Pituitary
Tumor

[44 11J

0 1

24 35

13 6

25 7

c Negative correlation, p<0.005 (2-tailed exact Fisher test) .
d Negative correlation, p = 0.05 ( " " ).
e Positive correlation, H < 0.01 ( " " ).
f Negative correlation, p <0.05 ( " " ).



irradiated rats, with or without estrogen administration. From the data in

Table 6.3, it appeared, in general, that mammary carcinomas in WAG/Rij

and Sprague-Dawley rats tended to occur more often in animals with pitu-

itary tumors, especially in the estrogen-treated groups. However, since

pituitary tumors also occurred frequently in the absence of mammary carci-

nomas in these two strains, the relationships were not statistically signi-

ficant with the exception of the estrogen-treated X-irradiated WAG/Rij rats

(p < 0.05). Mammary carcinomas occurred too infrequently in BN/BiRij rats

to enable valid comparisons.

Similarly, as shown in Table 6.4, the relatively large number of

WAG/Rij and Sprague-Dawley rats with pituitary tumors whf.n compared to

those with fibroadenomas suggested that a correlation could not be expect-

ed. In one instance, however, a statistically significant association was

found: in the neutron-irradiated WAG/Rij rats without estrogen a positive

correlation between the presence of fibroadenomas and pituitary tumors

existed (p < 0.01). This result is regarded as spurious, nonetheless, since

it is the only group of WAG/Rij rats showing relatively few pituitary

tumors. Interestingly, in two additional WAG/Rij groups, namely the X-irra-

diated rats without estrogen and the neutron-irradiated rats with estrogen,

a significant negative correlation was found (p < 0.005 and p < 0.05,

respectively). In one additional WAG/Rij group (X-irradiated with estrogen)

a similar negative correlation was marginally nonsignificant (p = 0.0501).

Whether these negatively correlated associations are also spurious, or

whether they point to an inverse relationship between pituitary tumor and

fibroadenoma development, is uncertain. In the BN/BiRij and Sprague-

Dawley rats, no correlations could be found.

In summary, no clear relationships between the occurrence of mam-

mary tumors and pituitary tumors could be demonstrated. One reason these

data are inconclusive may be the relatively high background incidence of

pituitary tumors in two of the three strains (WAG/Rij and Sprague-Dawley).

In addition, a correlation between mammary tumors and prolactin levels

should be sought, and pituitary tumors, per se. are only crude indicators

of increased prolactin levels. Focal hyperplastic changes were not consid-

ered here, and these are also correlated with elevated prolactin levels (Lee

et a l . , 1982). Indeed, prolactin levels may increase before histologic

changes become evident using standard light microscopy techniques.
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6.2.5 Discussion

The influence of the endocrinological status on mammary neoplasia in
the rat is an extremely complex issue. Many hormones not considered here,
including growth hormone, the gonadotropic hormones, the ovarian and
adrenal cortical hormones, are involved in this process. Since the pituitary
gland, and especially prolactin, appears to play such an important role in
mammary carcinogenesis, an attempt was made to present an overview of
some of the important lesions found in the pituitary glands of rats in this
study, and to indicate some of the areas where relationships between
mammary tumors, pituitary tumors and prolactin levels should be sought. A
histological approach to such an analysis, as performed in this study, is
regarded as an initial step, and longitudinal investigations coupling hormone
assays with ultimate morphological studies of pituitary glands, mammary
glands and other target organs, such as the adrenal glands and
reproductive organs, are clearly needed. Nonetheless, several general
conclusions based on the data presented in this chapter may be made:

1). It was shown that spontaneous pituitary tumors developed with high
frequency in WAG/Rij and Sprague-Dawley rats, and with a lower
incidence in BN/BiRij rats. Single dose, whole body X irradiation
appeared not to influence the cumulative incidence of pituitary
tumors, whereas irradiation with 0.5 MeV neutrons, especially at the
highest dose levels studied, induced pituitary tumor development at
an earlier age as compared to the nonirradiated controls. The effect
of estrogen administration to nonirradiated as well as irradiated rats
was essentially to shift the cumulative incidence curves forward in
time; i.e. estrogen-treated rats were dying with pituitary tumors 6 to
12 months earlier than their nor.estrogen-treated counterparts.

2). The basal prolactin levels were similar in untreated rats of the three
strains at various ages, and based on other studies, it was reported
that WAG/Rij and Sprague-Dawley rats responded to estrogen
administration with markedly elevated prolactin levels, whereas
BN/BiRij rats showed only a mild response.

3). Although based on a limited sample, it was clear that pituitary tumors
in Sprague-Dawley and WAG/Rij rats were composed of prolactin cells.
In addition, a correlation was found between prolactin levels and the
presence of pituitary tumors.
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4). An attempt to demonstrate a relation between pituitary tumors and

mammary carcinomas or fibroadenomas was inconclusive. However, the

effect of radiation and/or estrogen treatment on mammary carcino-

genesis cannot be explained as being solely dependent upon the

presence of pituitary tumors. Insufficient data on prolactin levels in

individual rats were available to allow a correlative study between the

presence of mammary tumors and prolactin levels.

6.3 Liver

6.3.1 Background Remarks

In recent years, evidence which implicates certain estrogenic com-

pounds, including those used in oral contraceptive preparations, in the

etiology of a number of liver changes in women has been accumulating. It is

not the intent of this section to present this evidence in detail, and the

reader is referred to several recent publications and reviews (Bras and van

der Sluys Veer, 1981; Ishak, 1979, 1981; Kern et a l . , 1982; Neuberger et

a l . , 1981; Portmann et a l . , 1981). Briefly, a number of physiological,

biochemical and ultrastructural changes in the liver have been associated

with oral contraceptive use, including decreased bile flow, decreased

synthesis and secretion of bile acids, increased cholesterol secretion,

increased activity of a number of liver enzymes, swelling of hepatocyte

mitochondria with the formation of paracrystalline inclusions, dilatation of

canaliculi with shortening and a decrease in number of microvilli, and bile

accumulation in canalicular lumens. Histological changes characteristic of

intrahepatic cholestasis are also seen in patients who develop contraceptive

steroid related jaundice.

Several vascular lesions of the liver have also been associated with

oral contraceptives, prime among which is sinusoidal dilatation. Other vas-

cular changes possibly associated with oral contraceptive use include

peliosis hepatis and the Budd-Chiari syndrome (hepatic vein thrombosis).

Oral contraceptives have been linked to the development of several

hyperplastic and neoplastic liver lesions. The evidence for such an asso-

ciation is most firm in the case of hepatocellular adenoma. Since the initial

report by Baum et al. (1973), a number of studies (reviewed in Bras and

van der Sluys Veer, 1981; Ishak, 1979, 1981; Portmann et a l . , 1981) have

pointed to an increased risk of developing this benign hepatic neoplasm in

182



women using oral contraceptives. The evidence for a role of the anticon-

ceptive steroids in the development of several hyperplastic liver lesions,

including nodular regenerative hyperplasia and focal nodular hyperplasia

(Ishak, 1981; Portmann et al. 1981) is suggestive but less firm. Whether

hepatocellular carcinomas in women are associated with oral contraceptive

use is not yet clear; however, a recent study (Goodman and Ishak, 1982}

indicates that a causal relationship probably does not exist for this liver

neoplasm.

Studies have been carried out in animals in order to investigate the

relationship between the contraceptive hormones and the development of

hepatoproliferative lesions, and, in particular, whether or not estrogens

themselves could function as carcinogens. Several recent investigations in

rats (Wanless and Medline, 1982; Yager and Yager, 1980) have suggested

that estrogens may promote rather than initiate hepatic neoplasms and foci

of hepatocellular alteration.

Yager and Yager (1980) studied the effect of two common synthetic

oral contraceptive hormone preparations, mestranol and norethynodrel, on

the development of liver lesions in partially hepatectomized and diethyl-

nitrosanine (DEN)-treated female Sprague-Dawley rats. They found in-

creased numbers of foci of hepatocellular alteration, including y -glutamyl

transpeptidase positive foci (a phenotypic marker for putative preneoplastic

liver cell foci) in animals exposed to estrogens and killtd 4 or 9 months

following the start of treatment. Wanless and Medline (1982) examined the

effects of DES and ethinyl estradiol on livers of male and female F344 rats

previously given DEN. These authors found that both estrogenic compounds

induced greatly increased numbers of hyperplastic nodules as early as 20

weeks following the start of treatment in DEN-initiated rats as compared to

those receiving DEN or estrogen alone. Although the doses of estrogen admi-

nistered to the rats in these studies were far greater than those taken by

women for contraceptive purposes, both groups of investigators concluded

that the estrogens acted as promotors of the precursor lesions for hepatic

neoplasms in rats. Other investigators (Reuber, 1969; Taper, 1978), study-

ing the effect of several estrogenic compounds on liver lesions in castrated

male and female rats previously given a chemical carcinogen, came to similar

conclusions. In view of these findings, it was considered of interest to

examine whether rats administered the natural hormone estradiol-178 at a

relatively low level as compared to that used in the above-mentioned
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studies, and exposed to whole body ionizing radiation, developed an
increased number of liver lesions. In addition, information appears to be
lacking on the frequencies of certain types of liver lesions in rats exposed
to different types of ionizing radiation per se.

The rats used for this histological survey of liver lesions were part
of the mammary carcinogenesis studies described in this monograph. Ten
groups of WAC/Rij, BN/BiRij and Sprague-Dawley rats from Experiment I
were selected for this analysis, and included nonirradiated controls, the
lowest and highest dose groups of the X- and 0.5 MeV neutron-irradiated
rats both with and without estrogen administration, as described in Chapter
2. A total of 767 rats was included, and usually two or three sections of
liver (range, one to six) per rat were available for study. Livers diffusely
infiltrated by e.g. lymphoreticular neoplasms were excluded.

6.3.2 Morphological Aspects

The liver changes tabulated in this survey include several hepato-
cellular, vascular and biliary lesions which have been described by others
and will therefore not be dealt with in detail here.

Based on the criteria of Squire and Levitt (1975), foci and areas of
hepatocellular alteration were defined as groups of hepatocytes showing
tinctorial or morphological changes distinguishing them from the surround! ig
normal liver cells, but not causing compression of the surrounding tissue
(Fig.6.11). When such groups of cells were contained within the limits of a
single lobule, they were termed foci, and when they encompassed several
lobules, they were called areas; however, for the purposes of *his sectio-,
the two were considered together. The cells comprising the foci or areas
showed one or more of the following cytoplasnic morphological and staining
characteristics: a) basophilic and coarse\y granular or flocculent, b)
acidophilic and finely or coarsely granular, or c) clear (unstained) with a
homogeneous ground glass appearance or finely vacuolated. Foci and areas
composed of basophilic liver cells were scored separately since they are
considered likely to be preneoplastic lesions (Bannasch, 1976; Squire and
Levitt, 1975).

The term neoplastic nodule, as introduced by Squire and Levitt
(1975) to denote a hepatoproliferative lesion showing compression around its
periphery and having the potential to develop into a malignant neoplasm,
was not retained in this study. Instead, two types of lesions were recog-
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Fig. 6.11 Focus of cellular alteration of the clear cell type in liver of a
17 month-old WAC/Rij rat. (HPS, x 80)

nized in this survey which may previously have been combined in the single
category noted above.

The first of these lesions was termed nodular (regenerative) hyper-
p'asia, and was composed of liver cells with morphological features similar to
those of foci and areas. The proliferating liver cells caused obvious com-
pression of the adjacent normal cells around most of its periphery. This
lesion was sometimes the size of an area (i.e. several lobules), but often it
was large enough to be grossly visible as a spherical or lobulated nodule
distorting the shape of the liver lobe (Fig.6.12A). This lesion was consid-
ered a hyperplastic one since some semblance of the normal hepatic lobular
architecture was retained. Central veins, portal tracts or bile ducts were
present within the lesion, although not always in normal proportions to each
other. The liver cell plates, although sometimes irregular and thickened,
showed a relatively normal arrangement. In many cases, bands of fibrous
connective tissue, which frequently contained small proliferating bile ducts
and hemosiderin-laden macrophages (Fig.6.12B), divided the lesion into
multiple individual nodules, suggesting that certain of these lesions at least
may have arisen by regenerative hyperplasia following tissue damage. These
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Fig. 6.12 A. Nodular (regenerative) hyperplasia in liver of a 20 month-old female
WAG/Ri.i rat. The lesion has a lobulated outline and is sharply demarcated from
the surrounding hepatic parenchyma. Numerous dense bands and sepk3 are present
within the nodule. (HPS, x 25). B. Higher magnification of same lesion shown in
A, illustrating bands of fibrous connective tissue containing bile ducts
(arrows). The nodule at the lower left is composed of prominent plates of
basophilic hepatocytes, whereas the hepatocytes in the nodules at the upper right
show marked fatty change. (HPS, x 170)



lesions share certain features of several liver lesions in man including focal

nodular hyperplasia (Ishak, 1981; Portmann et a l . , 1981), nodular trans-

formation (Stromeyer and Ishak,1981) and focal cirrhosis (Benz and

Baggenstoss, 1953; Stewart et a l . , 1938).

The second hepatoproliferative lesion marked by a distinct zone of

compression of the normal liver around its border was termed hepatocellular

adenoma (Fig.6.13A). This lesion was composed of l iver cells morphologically

similar to those in foci and areas. The cells tended to be more uniform

throughout the lesion (Fig.6.13B) than those in nodular (regenerative)

hyperplasia. Portal tracts or bile ducts were lacking in these lesions,

except for an occasional one near the periphery where it had been enve-

loped by the proliferating liver cells. Thus, the architectural features of

normal hepatic lobules were absent. Dilated sinusoids and thin-walled

vascular spaces were sometimes present in these lesions.

The criteria for diagnosing hepatocellular carcinoma were similar to

those of Squire and Levitt (1975). Important features included marked dis-

organization of hepatic plates, with formation of multicellular trabeculae,

pseudoacinar structures (F ig .6 .H) and solid sheets of neoplastic hepato-

cytes. The cells often showed a marked degree of pleomorphism and atypia,

and mitotic figures were common. Growth of neoplastic cells into vascular

spaces was not unusual, but mptastases were not found in the few cases

seen in this study. Pulmonary metastasec have been found in similar cases

of hepatocellular carcinoma in rats not included in this sample, however. A

summary of soma of the histological features of the proliferative lesions of

the rat l iver, not all of which were mentioned above, is given in Table 6.5.

Other lesions tabulated in this survey included the following:

a) Focal sinusoidal dilatation. This change ranged from a localized area of

dilated sinusoids to areas containing large bloodfilled spaces resembling a

peliosis hepatis-like alteration. These lesions were randomly distr ibuted

throughout the l iver, with no particular zonal predilection within the liver

lobule. In some cases, this change was seen as part of one of the hepato-

proliferat f o lesions described above. Varying degrees of pericentral

dilatation of sinusoids associated w^th dilatation of central veins was not

included, since this change was regarded PS indicative of passive

congestion.
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Ffg. 6.13 A. Hepatocelluiar adenoma from an 18 month-old female Sprague-
Dawley rat. The tumor is well delineated and compresses the surrounding
hepatic parenchyma. Several dilated vascular spaces are present at the
lower left. (HPS, x 25). B. Higher magnification of tumor shown in A. The
cells are relatively uniform and are arranged in plates one cell layer
think. A mitotic cell is also shown (arrow). (HPS, x 400)



TABLE 6.5 SUMMARY OF HISTOLOGICAL FEATURES OF RAT LIVER TUMORS AND TUMOR-LIKE LESIONS

Architecture
Lobular pattern

Portal tracts or
bile ducts

Hepatic plates

Compression
No.cells increased8

Irregular dilated
vascular spaces
in lesion

Cellular characteristics
Cell size

Cytoplasmic
tinctorial changes

Nuclear changes
(clumped marginated
chromatin,
prominent nucleoli)

Mitoses

Foci/Areas
of Cellular
Alteration

retained

present

± normal

absent or minimal

no/yes"
absent

uniform, normal,
larger or
smaller

present

usually
absent

rare

Nodular
(Regenerative)
H.yperplasia

retained,
often distorted
present

normal to
irregular,

(1-2 cells thick)
present
yes
sometimes
present

uniform or
variable,
normal or larger

present or
absent
often present

few to many

Hepatocellular
Adenoma

Hepatocellular
Carcinoma

absent

absent

absent

absent

irregular(l-2 or irregular, > 2 cells
more cells thick) thick, with trabeculae,
and sheets pseudoacini and sheets

present
yes
sometimes
present

present
yes
often present

uniform, variable,
normal or larger usually larger

present or
absent
sometimes
present

few to many

present or
absent
present

many

CO
10

a An increase in the number of cells in a lesion cannot always be derived from the number of cells per unit area, since cell swelling or
hypertrophy can account for part of the increase in volume of some lesions. This feature gives a rough indication, based on judgment,
whether or not the volume of a lesion can be accounted for , at least in part, by an increase in the number of cells.

b The cells in basophilic foci or areas are often smaller than normal, indicating that the number of cells is increased in such lesions.



Fig. 6.1* Hepatocellular carcinoma from a 29 month-old female WAC/Rij rat.
Disorganized multieel lul ar hepatic plates and pseudoacinar structures are
shown. Most nuclei contain large, prominent nucleoli. (HPS, x 170)

b) Proliferation of bile ducts. This lesion was characterized by the presence

of a variable number of small immature bile ducts scattered throughout the

liver parenchyma, either singly or in small clusters. Sometimes the prol i -

ferating bile ducts were adjacent to normal portal t racts, or within fibrous

connective tissue bands, such as were found in nodular (regenerative)

hyperplasia.

c) Biliary cysts. The gross and microscopic features of this lesion have

been described by Burek (1978). Br ief ly, the lesion consisted of a few to

many variably-sized spaces within the liver which were lined by flattened or

cuboidal bile duct epithelial cells (Fig.6.15). The lesions were sometimes

solitary, and at other times multiple and multiloculated, occupying the

greater part of a lobf or several lobes. This lesion has been sK wn by

Burek (1978J and Zurcher et a l . (1982) to have a strain predilection (e .g .

i* is common in BN/BiRij rats) and that it increases in incidence with age.
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Fig. 6.15 Numerous biliary cysts replacing most of one lobe in liver of
22 month-old female WAC/Rij rat. (HPS, x <(0)

» *A

Fig. 6.16 Spongiosis hepatis in liver of a 21 month-old female WAG/Rij rat.
The cyst-like spaces contain an acidophilic substance which is partly
hyaline and partly flocculent. (HPS, x 170)
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Others have described morphologically similar lesions and termed them cystic

cholangiomas (Schauer and Kunze, 1976).

d) Spongiosis hepatis. This lesion has been thoroughly characterized by

Bannasch et a l . , (1981) who also coined the descriptive name. It consists of

a cystic degenerative change in the liver characterized by the presence of

few to many multilocular cyst-like spaces (Fig.6.16) which seem to be lined

directly by hepatic parenchyma! cells. The cysts contain a finely granular,

flocculent or hyaline acidophilic and alcianophilic substance, and they are

thought to develop from altered perisinusoidal liver cells {Bannasch et a l . ,

1981). This lesion is also commonly referred to as cystic degeneration and

was previously considered to arise from dilated sinusoids (Burek, 1978;

Coleman et a l . , 1977). The etiology and biological significance of this lesion

remains unclear, however.

6.3.3 Results

The results of the histological survey of liver lesions are listed in

Tables 6.6, 6.7, and 6.8 for WAC/Rij, BN/BiRij and Sprague-Dawley rats,

respectively. The data in the tables represent the percentage of rats in

each group showing the specific liver lesion, and they represent the crude

incidences at the end of the life span. No attempt was made in this initial

study to calculate the age-specific incidences using a life table technique,

since the primary purpose of this survey was to determine whether any indi-

cations existed, based on changes in crude incidences, that the combination

of estrogen and irradiation, at the relatively low doses used in this mam-

mary carcinogenesis study, might enhance the development of certain liver

lesions in rats. This survey is regarded as ancillary to the central theme of

mammary carcinogenesis. Nonetheless, the mammary carcinogenesis studies

provided an opportunity to examine whether certain new aspects of hormone-

related liver alterations in rats might become apparent, which could then

form the basis for additional investigations.

In general, when comparing the estrogen-treated groups with the non-

estrogen-treated groups, it appeared that 2 mg of estradiol-17B given as a

subcutaneous implant at 6 to 7 weeks of age did not increase the incidence

of the various liver lesions studied. There was only an indication that the

frequency of hepatocellular proliferative lesions was increased slightly in

estrogen-treated WAC/Rij rats irradiated with 0.5 MeV neutrons (Table 6.6)

as compared with tho~e not administered estrogen, although this increase in
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TABLE 6.6 INCIDENCE (PERCENT) OF HEPATIC LESIONS IN IRRADIATED AND/OR ESTROGEN-TREATED

FEMALE WAG/Rij RATS

Liver lesion

Foci/Areas (acidophilic,clear cell)

Foci/Areas (basophilic)

Nodular (regenerative) hyperplasia

Hepatocellular adenoma

Hepatccellular carcinoma

Focal sinusoidal dilatation

Proliferation of bile ducts

Biliary cysts

Spongiosis hepatis

ne

89

51

14

3

0

38

5

14

14

Without E2

X rays

0.25

86

41

14

0

3

32

22

11

16

(Gy)

4

97

79a

21

3

3

48

21

45a

27

0.5 MeV
neutrons
0.06

71

23a

3

0

0

3a

17

oa

0

(Gy)
1.02

100

82a

12

0

0

29

12

35

12

None

68

6

0

3

0

16

0

0

3

With E?

X rays

0.25

50

21

3

0

0

6

6

0

0

(Gy)

4

82

47a

12

12

0

47a

0

6

18

0.5 Mev
neutrons
0.06 1

83

40a

17a

0

0

23

6

9

6

(Gy)
.02

95a

75a

30a

10

5

25

0

25a

10

No. examined

Mean age (range)(mo)

37 37 33 35 17

28 26 22 21 17

(21-36)(15-34)(14-29)(16-24) (12-22)

—• a Significantly different from controls (p<0.05) (2-tailed exact Fisher test).
ID
CO

31 34 17 35 20

18 18 14 18 14

(13-25) (8-26)(5-22)(ll-25) (8-18)



TABLE 6.7 INCIDENCE (PERCENT) OF HEPATIC LESIONS IN IRRADIATED AND/OR ESTROGEN-TREATED

FEMALE BN/BiRij RATS

Liver lesion

Foci/Areas (acidophilic,clear cell)

Foci/Areas (basophilic)

Modular (regenerative) hyperplasia

Hepatocellular adenoma

Hepatocellular carcinoma

Focal sinusoidal dilatation

Proliferation of bile ducts

Biliary cysts

Spongiosis hepatis

ne

54

4

0

0

0

21

0

36

0

Without

X rays

0.25

55

3

0

0

0

6

0

52

0

(Gy)

4

75

6

0

0

0

6

0

69

0

E2

0.5 MeV
neutrons
0.06

22a

0

0

0

0

0

3

lla

0

(Gy)
1.02

78

6

0

0

0

0

6

72a

0

None

23

0

0

0

0

4

0

0

0

With E2

X rays

0.25

33

4

0

0

0

0

8

13

0

(Gy)

4

50

0

0

0

0

0

0

35a

0

0.5 Mev
neutrons
0.06 1

23

0

0

0

0

0

0

6

0

(Gy)
.02

69a

0

0

0

0

0

6

44a

0

No. examined

Mean age (range)(mo)

28 33 16 36 18

27 26 20 18 16

(17-32)(15-36)(14-24) (8-25) (8-21)

26 24 26 31 16

14 16 15 14 14

(8-20) (7-23)(6-22) (7-23) (9-19)

a Significantly different from controls (p<0.05) (2-tailed exact Fisher test).



TABLE 6.8 INCIDENCE (PERCENT) OF HEPATIC LESIONS IN IRRADIATED AND/OR ESTROGEN-TREATED

FEMALE SPRAGUE-DAWLEY RATS

Liver lesion

Foci/Areas (acidophilic,clear cell)

Foci/Areas (basophilic)

Nodular (regenerative) hyperplasia

Hepatocellular adenoma

Hepatocellular carcinoma

Focal sinusoidal dilatation

Proliferation of bile ducts

Biliary cysts

Spongiosis hepatis

No. examined

Mean age (range)(mo)

ne

30

7

0

0

0

0

7

3

0

Without

X rays

0.25

43

13

0

0

0

3

3

3

0

(Gy)

4

38

31

15

8

0

0

0

8

0

E2

0.5 MeV
neutrons
0.06

9

0

3

3

0

0

9

0

0

(Gy^
1.02

16

11

0

0

0

0

0

0

0

None

0

0

0

0

0

0

0

0

0

With E2

X rays

0.25

0

6

0

0

0

0

6

0

0

(Gy)

4

0

0

0

0

0

0

0

13

0

0.5 Mev
neutrons
0.06 1

5

0

0

0

5

5

0

0

0

(Gy)
.02

0

0

6

6

0

0

0

0

0

30 30 13 33 19

24 26 18 20 17

(15-32){19-32)(13-26)(10-27) (10-24)

20 18 15 22 17

18 17 14 16 15

(13-23) (9-24)(8-20)(11-20)(10-19)

& Note: Values not significantly different from controls (p<0.05) (2-tailed exact Fisher test).



incidence was not statistically significant. In fact, the incidence of a

number of lesions in estrogen-treated rats was reduced when compared with

the nonestrogen-treated groups, which may be related to the overall shorter

survival of the first-mentioned animals. Nonetheless, certain interesting

observations emerged from this survey.

Despite an overall reduced mean survival age as compared to controls,

the rats in the highest radiation dose groups, both with and without estro-

gen, in general showed an increase in incidence of several liver lesions.

The incidence of foci and areas and biliary cysts was increased to a greater

or lesser extent in all three strains, and that of nodular (regenerative)

hyperplasia, bile duct proliferation and spongiosis hepatis in WAC/Rij rats

only. However, for some lesions, these increases did not reach statistical

significance at the 5% level.

Although based on crude incidences of a few lesions in WAO/Rij and

BN/BiRij rats (e.g. foci, areas and biliary cysts), there was a suggestion

that the highest absorbed dose of 0.5 MeV neutrons (1 Cy) was equally as

effective as the highest absorbed dose of X rays (4 Gy) in inducing these

lesions. This may imply that radiation quality may also be of importance in

the induction of certain liver lesions.

Clear strain-related differences in the expression of specific liver

lesions were again evident, both in untreated controls as well as in the

various experimental groups. It appears also that the strain with the

highest background incidence of a particular lesion had the greatest

propensity to show an increased incidence of that lesion following treatment.

Although not indicated in the tables, the relative extent and severity

of liver involvement by these various lesions was also compared among the

groups, and only minor differences were evident. In general, the lesions

were more severe or extensive in the highest radiation dose groups than in

the low dose or nonirradiated control groups. This was especially true for

lesions such as foci and areas, sinusoidal dilatation, bile duct proliferation

and biliary cysts. In addition, strain differences were also apparent in this

aspect; in general, untreated as well as irradiated and hormone-treated

BN/BiRij and Sprague-Dawley rats had smaller and fewer foci and areas per

liver section than did WAC/Rij rats. Also, clear cell foci tended to be more

abundant in BN/BiRij rats, whereas acidophilic and clear cell types

occurred with approximately equal frequency in the other two strains.
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Only four hepatocellular carcinomas were found in this series, three

of which occurred in WAC/Rij rats resulting in an overall incidence of 1% in

this strain, and one in a Sprague-Dawley rat, yielding an overall incidence

of 0.5%. The four hepatocellular carcinomas were all found in irradiated

rats: two in X-irradiated rats without estrogen, and two in estrogen-treated

neutron-irradiated rats. In three of the four cases, the hepatocellular

carcinomas appeared to arise in lesions resembling nodular (regenerative)

hyperplasia. Indeed, several lesions classified as nodular (regenerative)

hyperplasia showed areas of severe atypia which may have represented a

transition to hepatocellular carcinoma. No such regions of atypia were seen

in the hepatocellular adenomas of this series. If this observation is borne

out in future studies, it may indicate that the type of lesion classified here

as nodular (regenerative) hyperplasia may be of interest as a preneoplastic

lesion in addition to basophilic foci and areas, and that hepatocellular

adenomas represent the end stage of a benign proliferative process.

6.3.4 Discussion

The reason for the apparent lack of a clear-cut effect on liver lesions

of estrogen based on the results of this survey is not clear. Several factors

can be considered. Firstly, the dose of estrogen used in this study may be

of importance. As mentioned in Chapter 2, a subcutaneous implant at 6 to 7

weeks of age of 2 mg of estradiol-176 in a cholesterol-paraffin base resulted

in a two- to four-fold elevation of serum estradiol levels for at least 14

months following implantation (Blankenstein et a l . , 1981). However, in one

of the studies cited in Section 6.3.1, the investigators administered estro-

gen continuously from 1 to 9 months in doses ranging from 0.02 to 0.03 and

0.5 to 0.75 mg/kg body weight/day for mestranol and norethylnodrel,

respectively (Yager and Yager, 1980). In the other study (Wanless and

Medline, 1982), DES was given at doses of up to 5 mg twice a week, and

ethinyl estradiol at 0.2 mg twice a week for up to 50 weeks. Thus, it

appears that the rats in the present experiment were exposed to a far lower

level of estrogen than were the rats in the studies cited.

Secondly, the duration of the observation time may be of importance.

The mammary c; /cinogenesis experiments were life-span studies, whereas

the rats in the studies cited above were terminated 9 to 11 months after

treatment began. It is possible that some of the hepatic effects observed

following estrogen administration are reversible, as was also reported by
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Wanless and Medline (1982), and therefore the incidence of certain hepato-

proliferative lesions may have been higher at younger ages in the rats of

this study. On the other hand, if a significant number of hepatic neoplasms

had been induced by the treatment regimen used here, they would presuma-

bly have persisted until the animal's natural death.

Thirdly, the sequence of administration of carcinogen and hormone

may be of importance since in the studies cited, the investigators admini-

stered the chemical carcinogen before the animals received the hormone

preparations, whereas in the present study, the estrogen pellet was implant-

ed 1 week prior to irradiation. This is not considered likely to be of

importance in our situation, however, since the hormone levels remained

elevated in these rats long after liver cells would have been transformed by

irradiation.

Finally, it cannot be excluded that strain-related factors may be of

importance. However, this is considered unlikely, since a clear response

would most certainly have been expected in the WAC/Rij rat, with its

extremely high background incidence of foci and areas, and to a lesser

extent, nodular (regenerative) hyperplasias and adenomas.

In conclusion, this survey has failed to show an effect of estrogen,

at the level used, on rat hepatic lesions. However, low dose irradiation

alone may be more effective in inducing a variety of liver lesions in rats

than was previously recognized. Additional studies, utilizing life table

methods of analysis, will be necessary to determine whether relatively low

levels of estrogen in conjunction with radiation can influence the types and

frequencies of lesions in the rat liver.
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CHAPTE1 /

GENERAL DISCUSSION, INCLUDING A BRIEF REVIEW OF

ANIMAL MODELS IN BREAST CANCER RESEARCH

The preceding chapters of this monograph have dealt with a number of

aspects relating to rat mammary gland tumors, including their histo-

pathological characterization, the effect of ionizing radiation of different

types and doses on their frequency and histological expression, the in -

fluence of chronic, continuous exposure to exogenous estrogen on tumor

incidence and histological appearance, and the importance of strain-related

factors on the natural expression or treatment-induced response of these

neoplasms. The data re.'ating to these various aspects were compared with

relevant studies from the l i terature. The purpose of the f i rst part of this

chapter is to synthesize these findings and to discuss their relevance for

future studies dealing with rat mammary carcinogenesis. The second part of

the chapter will deal briefly with the concept of an animal model, and some

biological and morphological features characteristic of mammary neoplasms in

the several animal species used as models in breast cancer research will be

presented.

7.1 Synthesis

The goals of this monograph were essentially two-fold: (1) to examine

the mammary carcinogenic effects of irradiation, alone or in combination with

exogenous estrogen, in three different rat strains, and using different ca-

tegories of mammary tumors as endpoint parameters, and (2) to characterize

histologically in greater detail the types of mammary tumors induced, in

order to assess whether stra in- and/or treatment-related differences

existed. The main emphasis was placed on this latter goal since the pathol-

ogy of radiation-induced mammary tumors in rats has not been well docu-

mented, and a description of the pathogenesis of such tumors has not been

reported.
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The results of the irradiation studies were discussed in Chapter 3. It

was shown that considerable differences existed in the susceptibility of each

of the three rat strains to mammary tumor induction by irradiation and that

distinct dose-effect relationships were observed in terms of cumulative

tumor incidences as a function of increasing levels of absorbed radiation

dose. Also, a dose-related forward shift in time to tumor induction was ob-

served. It was shown that, for equal absorbed dose levels, neutrons, and

especially 0.5 MeV neutrons, were more effective than X rays in inducing

mammary tumors. These results indicate that, depending on the strain, the

rat mammary gland is highly susceptible to the carcinogenic effects of ion-

izing radiation, even at the low to moderate absorbed dose levels investi-

gated in the present experiments. Epidemiological studies have clearly

shown that the human female breast is equally susceptible to the tumor-

inducing effects of ionizing radiation (Mole, 1978), although indications of a

dose-dependent reduction in time to tumor appearance following irradiation

have not been evident (Tokunaga et al. 1979). It is clear that the rat is an

important experimental model for analyzing the nature of the dose-effect

relationships and the relative tumor-inducing effectiveness of different

types of radiation.

A synergistic interaction was found between radiation and estrogen in

rats exposed to a continuous low level of exogenous estradiol-176. Mammary

tumors occurred earlier and with higher cumulative incidences in such rats,

as compared with those not receiving the hormone. Also, exposure to exoge-

nous estrogen induced an increase in the overall frequency of mammary

carcinomas as well as a relative increase in certain types of carcinomas.

Human data regarding the role of estrogen'- in breast cancer development

are, at present, highly controversial but still inconclusive (Brinton et a l . ,

1981, 1982; Lawson et a l . , 1981). The present studies in rats chronically

exposed to exogenous estrogen may not be directly extrapolated to the

human situation as a result of differences in dose levels, route of admi-

nistration and composition of the hormone preparations, but there are

sufficient similarities to make such studies of importance in predicting the

potential hazards of ionizing radiation in women continuously exposed to

exogenous hormones in the form of oral contraceptives or postmenopausal

estrogen-replacement therapy. The evidence of synergistic interaction

between estrogen and ionizing radiation in the development of rat mammary

carcinomas obtained from the present studies, as well as from other inves-

200



tigations (Holtzman et a l . # 1981), seems incontrovertible. Such results

suggest, at the least, that future epidemiological investigations should focus

on assessing breast cancer risks in women continuously exposed to exoge-

nous estrogens as well as to ionizing radiation, such as from periodic mam-

mographir examinations or industrial sources. At present, studies to de-

termine whether synergistic interactions of these factors may also be of

importance in increasing the breast cancer r isk in humans have not been

carried out.

Age is an important factor in determining the response of the mammary

gland to various carcinogenic stimuli in rats. In studies of DMBA-induced

mammary carcinogenesis, it was shown that the age at which rats were most

susceptible to the effects of the chemical corresponded to the age at which

the density of, and cellular proliferation in , the terminal end buds of the

mammary gland were at a high level (Russo and Russo, 1978a,b). Exposure

to DMBA at older ages resulted in reduced numbers of mammary tumors.

This aspect has not been explicit ly studied in the present irradiation

experiments, however, it should be noted that the rats were irradiated at

an age ( i .e . 8 weeks) which corresponds to early sexual maturi ty. This age

is similar to that when terminal end b'.id development is maximal as deter-

mined by Russo and Russo (^" 'Sb) . Similarly, evidence exists that the risk

of breast cancer induction in women following exposure to ionizing radiation

is greatest between 10 and 19 years of age (Boice : nd Monson, 1977;

McGregor, et a l . 1977). This suggests that anatomic structures which are

more susceptible to carcinogenic stimuli at younger than at older ages are

also present in the human female breast.

In considering the relevance of a particular animal species in mammary

carcinogenesis research, a number of factors are of importance, some of

which will be alluded to in Section 7.2. One of these factors pertains to the

morphological characteristics of the spontaneous or induced mammary tumors

in the species being studied. It is often a matter of opinion, however, what

the merits of a particular classification scheme may be, or to what extent,

if at a l l , histopathological characterization of such animal tumors should be

carried out. The following remarks will be directed to some of these issues.

It seems abundantly clear that histological examination of nodules and

masses occurring in rat mammary glands is essential for the proper inter-

pretation of results. Nonneoplastic lesions arising in the mammary glands,

such as cysts and extensive lobular hyperplasia may, at times, mimic

201



mammary neoplasms grossly. Tumors "arising from unrelated tissues, inclu-

ding skin, adnexa, subcutis, salivary glands and clitoral glands, may also

be mistaken grossly for mammary neoplasms in the rat, and can be excluded

from further consideration following histological examination. Furthermore,

although information such as the total number of tumors induced, time to

rumor development and the presence of nonneoplastic proliferative or pre-

neoplastic lesions, is of value in studies of radiation carcinogenesis to

assess the relative tumor-inducing efficacy of a specific radiation type and

exposure level, the differentiation between benign and malignant mammary

neoplasms provides direct evidence for the degree of carcinogenicity in the

particular rat strain being studied. The distinction between benign and

malignant tumors of the rat mammary gland is relatively simple in most

cases, since the diagnostic differe /cas between these classes of tumors are

generally quite clear, as has been discussed in Chapter 4. This does not

deny the fact that a small number of benign mammary tumors in the rat can

show area<; of transition to a malignant neoplasm, nor that certain benign

tumors can also incapacitate and ultimately cause the death of the host as

effectively as a malignant neoplasm. However, the implications of histological

evidence of benignancy or malignancy of a tumor provide a firmer basis for

interpreting the carcinogenic potential of a given treatment and for risk

assessment. Ultimately, this type of information is of greatest value when

extrapolating to the human situation. By simply combining benign and malig-

nant mammary tumors in the rat, a true carcinogenic effect of a particular

radiation type and dose may not become evident. These same considerations

apply to other treatments, such as hormones or chemical compounds, which

may or may not induce increased numbers or frequencies of all tumors, with

or without reduced latency periods, but which may also induce distinct

shifts in histological expression of the tumors induced. The latter was

shown to occur in the present study in which estrogen administration, with

or without irradiation, increased the overall frequency of carcinomas, as

well as the relative frequency of certain carcinoma types.

The relative value of one system of classifying rat mammary tumors

over that of another may not be as apparent or defensible as the foregoing

considerations. Any classification system should be simple and reproducible

but it should identify basic recognizable tissue patterns which may be

compared among different members of a single strain, or among different

strains, as a function of treatment. Moreover, if possible, the classification
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system should give an indication of the biological behavior of the tunor

being studied. Finally, since animal models are studied in order to learn

more about a comparable disease in humans, the terminology used in a mam-

mary tumor classification should reflect any similarities to comparable human

tumors, should such exist.

In the present study, an attempt was made to devise a classification

system incorporating the above considerations, and various aspects relating

to this classification system as compared to existing ones were considered in

Chapter 4. A common observation concerning rat marviiary tumors made by

others was confirmed in the present study, namely, that a diversity of

histological patterns is possible within a single tumor or within several

tumors in a single animal. The predominant pattern formed the basis for

classifying individual mammary tumors. The classification system was based

on neoplasms found in rats of three different strains under several experi-

mental conditions, and should therefore be applicable to other strains and

treatment regimens. Using this classification system, several strain-related

and treatment-related differences in types of mammary tumors induced

became evident, as discussed in Chapter 5. For example, it was found that

changes in the relative freauency of several carcinoma types was induced

by estrogen administration in the three rat strains and that cribriform-

comedocarcinorru 3 increased in proportion to the other types. Of comparative

interest in this regard is that oral contraceptive steroids have been

associated with the development of unusual histological features in mammary

carcinomas in some women, as well as in certain nonneoplastic proliferative

breast lesions (Hilliard and Norris, 1979).

In attempting to determine differences in the biological behavior of the

various types of mammary carcinomas, it was found that cribriform-comedo-

carcinomas were more likely to show histological evidence of invasiveness

than the other carcinoma types, and that invasiveness correlated well with

metastasis in those few cases in which the latter occurred. This type of

analysis appears to be most relevant in determining the relative carcino-

genicity of different treatments in rats, as well as identifying those

treatment regimens and/or rat strains which allow the study of mammary

tumors possessing features most closely resembling those found in humans.

In this study, an assessment of biological behavior was based primarily on

histological evidence of invasiveness, but this has to be considered as a

first step, since a number of other parameters may be equally as predictive
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TABLE 7.1 COMPARISON OF HUMAN AND RAT MAMMARY TUMORS

AND TUMOR-LIKE LESIONS

Human Breast Lesion Corresponding Rat

Nhmmary Lesion

I. MALIGNANT TUMORS

A. Lobular carcinoma
1. In situ
2. Invasive (classical and v-.lants)

Ductal carcinoma
1. In situ

a. papillary
b. cribriform i
c. comedo j
d. solid

2. Invasive
a. not otherwise specified

(incl. scirrhous carcinoma)
b. medullary carcinoma
c. mucinous (colloid) carcinoma
d. infiltrating comedocareinoma
e. infiltrating cribriform CA
f. papillary carcinoma
g. tubular carcinoma f
h. carcinoma with metaplasia

(squamous, spindle-cell,
sarcomatoid, cartilaginous,
osseus)

i. other types (incl. adenoid
cystic, apocrine, lipid-rich,
glycogen-rich, juvenile,
Paget's disease of nipple,etc.)

j. invasive CA of uncertain type

noninv. tubulopap. CA
noninv. cribriform-
comedocarcinoma

inv. cribriform-
comedocarcinoma

inv. tubulopap. CA
carcinomas of several
types with squamous or
sebaceous metaplasia

(?) anaplastic carcinoma

C. Carcinoma borne by pre-existing tumor

D. Carcinosarcoma

E. Miscellaneous
(incl. soft tissue tumors and others)

carcinoma arising
in fibroadenoma

carcinosarcoma

sarcoma
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TABLE 7.1 (cont'd.)

Human Breast Lesion

II. BENIGN TUMORS

A. Intraductal papilloma

B. Adenoma of the nipple

C. Adenoma

1. Tubular
2. Lactating

D. Fibroadenoma

E. Phyllodes tumor
(cystosarcoma phyllodes)

III. MAMMARY DYSPLASIAS AND
TUMOR-LIKE LESIONS

A. Ductal hyperplasia (includes
atypical ductal hyperplasia)

B. Lobular hyperplasia (includes
adenosis, sclerosing adenosis,

and papillomatosis or epitheliosis)

C. Focal fibrosis

D. Duct ectasia

E. Cysts
F. Other (incl. inflammatory pseudo-

tumor, hamartoma, gynecomastia,
diffuse hyperplasia)

Corresponding Rat
Mammary Lesion

intraductal papilloma

tubular adenoma
secretory adenoma

fibroadenoma NOS

(?) atypical epithelial
proliferation

lobular hyperplasia,
(?) atypical epithelial
proliferation

duct ectasia

cysts

a Based on Azzopardi, 1979; WHO, 1982.
b Based on this study (see Chapter <t).
c Question mark indicates that evidence for comparable

rat tumor either is questionable or does not exist.
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for the ultimate biological behavior of the tumor. For example, parameters

such a tumor size, growth rate, histological grade (i.e. presence and

degree of tubule formation) and nuclear grade (i.e. degree of nuclear pleo-

morphism, size, mitoses and prominer ce of nucleoli) are all used with

varying degrees of prognostic value in human breast cancer studies in

addition to the standard criteria, which include histological typing, evidence

of invasion and lymph node metastasis (Bljck et a l . , 1975, Fisher et a l . ,

1975a). The first-mentioned group of parameters may also be of further

benefit in studies using rats to provide additional evidence of the relative

carcinogenicity of a particular treatment. The value of assessing such

histological parameters in maHgnant rat mammary tumors will be examined in

the continuation of the present radiation carcinogenesis studies.

It has been alluded to several times in the foregoing discussion that

one objective of classifying rat mammary tumors is to identify those types

which morphologically closely resemble a human counterpart. This would

make possible the choice of an appropriate strain and/or treatment regimen

which yield in sufficient numbers the particular tumor of interest for future

comparative studies. In Table 7.1, an attempt has been made to indicate,

based on the present study, those rat tumors which appear to morphologi-

cally correspond most closely to the various types of human breast tumors.

Additional studies, aimed at a more detailed histological, histochemical and

ultrastructural characterization of certain of these rat tumors are needed to

allow a thorough comparison with the corresponding human breast neoplasm.

7.2 Brief Review of Animal Models in Breast Cancer Research

7.2.' Definition of an Animal Model

Many investigators have different concepts of what constitutes an

animal model. A useful definition of an animal model is that of Wessler

(1976): "a living organism with an inherited, naturally acquired or induced

pathological process that in one or more respects closely resembles the same

phenomenon occurring in man." A prime goal of experiments with animal

models is to further the understanding of diseases of man, and ultimately to

provide information which can serve as a basis for their prevention and

treatment. Considerable effort in recent years has been put into making

available to the medical and scientific community succinct descriptions of
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spontaneously occurring and experimentally induced diseases of animals

which serve as useful models of human diseases. These efforts have culmi-

nated in such publications as the "Handbook of Animal Models of Human

Disease" (Jones et a l . , 1972-1982), "Spontaneous Animal Models of Human

Disease" (Andrews et a l . , 1979) and "Mammalian Models for Research on

Aging" (National Research Council, 1981) to name but a few.

Despite the widespread acknowledgment of the ut i l i ty and versati l i ty

of animal models in general (Heqsted, 1975), there are those who continue

to doubt the applicability of animal data to the human situation. One in -

vestigator speaks appropriately to this point (Riley, 1981): "Although it

may be hazardous to extrapolate biological findings from mice to other

species, it would be equally imprudent to ignore the many physiological

similarities and analogous biochemical relationships that evolutionary bio-

logists have demonstrated in animals belonging to the same phyla. The

fundamental biological principles that are further delineated through the

study of animal models nay be expected to have application in man." Many

examples could be mentioned in which the direct applicability to man of

animal derived data has been demonstrated.

Not only has a great deal been written on a multitude of aspects of

human breast cancer, but the l i terature dealing with mammary neoplasia in

animals has also grown exponentially in recent years. Many publications

purport to examine specific aspects of the human breast cancer problem in

different animal species. It is not possible to summarize this voluminous

literature here. Several excellent and comprehensive reviews on mammary

tumors in animals, to which the interested reader is referred for details,

have been mentioned in earlier chapters of this monograph. Especially note-

worthy are the general reviews by Casey et a!. (1979), Clifton (1979),

Foulds (1975), Hamilton (1974) and Stewart (1975), which all deal at

varying lengths with mammary tumors of the small laboratory animals, the

small and large domestic animals and nonhuman primates. In assessing the

relative value of the various animal studies, it may be relevant to consider

the criteria for an ideal experimental model of breast cancer as formulated

by Clifton (1979):

" 1 . The model species should be inexpensive, readily available, and easy

to maintain.
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2. The disease should occur 'spontaneously' (which the author defines as

'without known cause1) in high frequency or be readily inducible in

the model species.

3. There should be considerable uniformity among model individuals in

development of the disease, spontaneous or induced, and/or in the

response of the disease to experimental manipulations.

4. In causation, progression, response to manipulation, and other res-

pects, the disease in the model species should be identical to that in

the modeled species - man. This ideal is, of course, hard to predict

and rarely achieved.

5. As the latency of many cancers is crudely proportionate to the natural

life span of the species, it is desirable that the life expectancy of the

model be considerably shorter than that of the investigator.

6. Genetic homogeneity is desirable or essential for reasons beyond the

need for uniformity of disease incidence and response. These include

studies dependent on tumor or normal tissue transplantation, studies of

immunologic markers, and so f o r t h . "

Based on these cr i ter ia, several reasons for the widespread use of labora-

tory rodents in breast cancer research become clear.

7.2.2 The Rat

The spontaneous incidence of mammary tumors in female rats varies

considerably from strain to strain (Sher, 1972), with incidences around 10%

to as high as 90% being reported. The incidence has also been observed to

vary within a single strain kept in different laboratories, or within a single

strain kept at one laboratory but studied at different times (Sher, 1972;

Sher, et a l . , 1982; Tarone, et a l . , 1981). The majority (approximately 80 to

90%) of spontaneous mammary tumors found in most rat strains have been

classified as fibroadenomas. Malignant mammary tumors are relatively uncom-

mon in untreated rats, generally comprising less than 10% of all mammary

tumors, although incidences as high as 25% have been reported (Burek,

1978). The latter incidence value was found in a full life-span study of

aging female WAC/Rij rats, and 92% of those malignant tumors were classi-

fied as adenocarcinomas.

Spontaneous mammary tumors generally occur during the second year

of l i fe, and fibroadenomas tend to arise at an earlier age than do carcino-
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mas (Sher, 1972; Young and Hallowes, 1973). Burek (1978) determined that

in aging female WAC/Rij and BN/BiRij rats, the risk of an animal dying

with a mammary carcinoma increased with age, whereas the risk of dying

with a fibroadenoma peaked during the age interval of 31 to 36 months, and

declined thereaftr-r. Boorman and Hollander (1972) observed a similar

pattern in another series of aging female WAC/Rij ' rats. In general, the

latency period for mammary tumor development is reduced and the overall

tumor frequency increased in rats exposed to radiation, hormones or chemi-

cal carcinogens. For example, DMBA-induced mammary carcinomas arise

within H to 5 months following treatment in a large proportion of rats

(Moore et a l . , 1981).

There is no definit ive evidence at present that viruses play a role in

mammary tumor development in rats, although there have been occasional

reports which purport to demonstrate such a causal relationship. For

example, the inoculation of human adenovirus type 9 into newborn and adult

Wistar/Furth rats was associated with the development of fibroadenomas

(Ankerst , et a l . , 1974; Jonnson and Ankerst , 1977). A replication-defective

type C endogenous retrovirus has been isolated from DMBA-induced mam-

mary carcinomas in Sprague-Dawley rats (Young, et a l . , 1978), however the

significance of this f inding is not clear at present. It has been demon-

strated that sequences related to the genome of murine mammary tumor-

virus (MuMTV) are present in normal rat cellular DNA (Callahan, 1982).

However, no evidence could be obtained using sensitive radioimmunoassay

techniques that antigens related to several MuMTV polypeptides were

present in a variety of different types of mammary tumors arising in

untreated, irradiated and hormone-treated WAG/Rij, BN/BiRij and Sprague-

Dawley rats ( Bentvelzen, et a l . , 1981). Similarly, antibodies to MuMTV

could not be demonstrated in such rats (Bentvelzen, et a l . , in press),

although evidence for the presence of antibodies directed against an

ubiquitous nonvirus-related tumor-associated antigen was obtained in that

study. Therefore, it does not seem likely that endogenous MuMTV-related

sequences play a role in rat mammary tumorigenesis.

Most mammary tumors in rats, whether spontaneous or induced by

chemicals, hormones or radiation, are dependent upon hornones for their

development. Estrogen and prolactin are the primary hormones involved,

although there is good evidence that the action of the former is mediated

partly by the latter, and the ratio of the t i ters of these two hormones may
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be more important than the absolute levels of either hormone (see review by

Clifton, 1979). A great deal of effort has been directed at defining the role

of the various hormones in rat mammary carcinogenesis, especially prolactin

(see review by Welsch and Nagasawa, 1977), part ly as a result of recent

evidence (Kwa, et a l . , 1981) that increased prolactin levels in women may

be associated with an increased risk of breast cancer development.

Pregnancy completely prevents the development of mammary tumors

induced by chemical carcinogens (Russo and Russo, 1980a). It was recently

shown (Ciocca, et a l . , 1982) that the protective effect of parity was not

directly related to differences in hormone levels in virgins versus parous

rats. The susceptibility to cprcinogen-induced mammary neoplasia was corre-

lated with the presence of terminal end buds in mammary glands of v i rg in

rats (Russo and Russo, 1980b; Russo, et a l . , 1979). In contrast to these

findings, parity did not appear to influence the development nor the

frequency of mammary tumors in Sprague-Dawley rats exposed to whole-

body irradiation (Holtzman, et a l . , 1982). An explanation for the d i f fer-

ences in the inductive action of chemicals and radiation was not obvious,

however.

The role of dietary factors in mammary carcinogenesis, in particular,

high levels of dietary fa t , is receiving considerable attention at present.

Much of the experimental data has been derived from studies performed in

rats (Carrol l , 1981; Chan et a l . , 1983; Cl i f ton, 1979), and it has been

shown that a high fat diet increases the incidence and reduces the latency

period of spontaneous mammary tumors as well as those induced by a

variety of chemicals, hormones and radiation. It appears that high levels of

dietary fat may enhance this tumorigenic process by increasing the hormone

responsiveness of mammary tissue., by inhibit ing cell-to-cell communication,

or by suppressing immune act iv i ty , and it is apparently not mediated by

increased secretion of mammotropic hormones (Welsch and Aylsworth, 1983).

Immunological studies of rat mammary tumors have been largely direct-

ed at investigating the efficacy of various immunotherapeutic regimens on

transplantable mammary tumors derived from spontaneous or chemically-

induced neoplasms. Some treatments studied include intralesional or systemic

administration of Corynebacterium parvum or Bacillus Calmette-Cuerin

vaccine (Creager and Baldwin, 1978; Lee, 1977; Willmott et a l . , 1979b) and

the results in terms of regression of the transplanted tumor and prevention

of distant metastases depended on the immunogenicity of the tumor as well
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as the time of administration of the immunotherapeutic agents. Relatively

litt le information is available on the immunogenicity of different types of

mammary tumors in rats: several types of naturally-occurring mammary carci-

nomas in WAB/Not rats were found to be nonimmunogenic (Middle and

Embleton, 1981) and preliminary studies on a limited number of radiation-

and/or estrogen-induced mammary fibroadenomas and carcinomas in WAC/Rij,

BN/BiRij and Sprague-Dawley rats indicated these to be probably of low

immunogenicity (Knaan et a l . , personal communication; Marquet et a l . ,

personal communication).

Considerable interest is being expressed in developing spontaneously

metastasizing rat mammary carcinomas for use in studies of cancer therapy.

Since most current ly studied forms of induced or natural ly-occurring mam-

mary carcinomas in the rat show litt le tendency to metastasize spontaneously

in a predictable fashion, efforts have centered largely around the deve-

lopment of transplantable mammary tumor lines. Many of the frequently used

lines were established from chemically induced tumors (Neri et a l . , 1982;

Williams et a l . , 1982), although spontaneous mammary carcinomas have also

been employed to develop transplantable tumor lines (Willmott et a l . , 1979a).

It has been suggested (Hewitt, 1978) that using tumors of low immunogeni-

c i ty , such as those arising spontaneously, may be of greater relevance to

the human situation than highly immunogenic lines. Regardless of the

relative importance of tumor immunogenicity, studies employing t rans-

plantable tumor lines are producing new insights into the biology of the

metastatic process, and some of the factors which may influence this

process are becoming defined (Kim, 1979; O'Crady et a l . , 1981).

A number of aspects relating to the morphology of spontaneous and

induced rat mammary tumors as well as preneoplastic mammary lesions has

been presented in Chapters H and 5, and will therefore not be discussed

further here.

The relative ease of induction of mammary tumors by a number of

chemicals and hormones, the relatively short latency period, the lack of a

viral etiology, the well-established hormone responsiveness, and the wide-

spread occurrence of a variety of histological types in many rat strains, to

name but a few properties, have combined to make the rat an important

model species in this regard.
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7.2.3 The Mouse

In mammary cancer research, the mouse has been most profitably
used in studying the interaction of genetic, hormonal and immunologic
factors in a virus-induced mammary tumor system. The history of the
strong genetic influence on mammary tumor incidence in different mouse
stocks and strains, and the demonstration of a genetically-determined
susceptibility to a retrovirus infection (i.e. the Bittner agent, or murine
mammary tumor vi-us [MuMTV] and its several variants) is a long and inte-
resting one, and has its origins in the early part of this century. Since
that time, the mouse has been studied intensively in an attempt to under-
stand the interrelationships between mammary tumors and viral, hormonal,
immunological and genetic factors (Clifton, 1979; Foulds, 1975; Hilgers and
Sluyser, 1981; Medina, 1982).

The importance of host genetic factors in the development of mammary
neoplasms in the mouse has been recognized since the identification of high-
and low-incidence strains. The C3H, Rill and DBA strains, for example,
are high-incidence strains, with mammary tumor incidences approaching 100%
before the females have reached 12 months of age. Strains such as the
BALB/c, O20 and C57BL, on the other hand, either do not develop mam-
mary tumors at all, or only sporadically late in life. The differences in
tumor incidences are related to the interaction of the genetic background
and the presence or absence of MuMTV (for a review see Bentvelzen,
1982). The classical, or standard, MuMTV is transmitted to offspring via
the milk, hence the earlier designation of "milk agent". This virus is
involved in the expression of the early-appearing tumors in the high-
incidence strains. Virus particles closely related to MuMTV nave been
identified in mammary tumors of the so-caliod virus-free, low-incidence
strains. This agent, an endogenous RNA virus, also called the "nodule-
inducing virus", is transmitted as a provirus via the genome of either
parent and not via the mother's milk. The situation is much more complex
than is sketched here, since a number of different MuMTV variants are
involved, each variant being characteristic for a particular strain, or
strains, of mice, and each differing qualitatively from one another
(Bentvelzen, et a l . , 1978; Medina, 1982).

Hormones have also long been known to be important factors in the
etiology of mouse mammary neoplasms. The low frequency of mammary

212



tumors in male mice and castrated female mice had focussed attention on the

role of estrogen and progesterone. Later, the implantation of additional

pituitary glands indicated that prolactin was probably even more important

in the induction of mammary tumors. The continuous higher level of

hormonal stimulation provided by pituitary isografts induced mammary

tumors in 50% of C57BL mice, a strain which normally does not develop

mammary tumors (Boot et a l . , 1981). Additionally, this procedure induced

mammary tumor development at an earlier age in most tumor-prone strains.

It soon became clear that for optimal mammary tumor development a combina-

tion of hormones was essential. Even the high cancer strains do not develop

mammary tumors in the absence of the ovarian steroids and prolactin. Once

formed, however, mammary tumors for the most part are hormone indepen-

dent, i.e., hormones are not necessary for their continued growth.

Parity has also been shown to have an important effect on mammary

tumorigenesis in mice. Breeders generally show a high incidence, and

virgins a low incidence of mammary tumors although this is also strongly

strain-related (Moore and Holben, 1979). In strains such as the C3H, in

which virgins and breeders have equally high tumor incidences, the tumors

generally arise at an earlier age in breeders than in virgins. It is clear

that the effects of parity have their basis in the hormonal conditions

prevailing in the animals, and, as such, they point to significant functional

differences between mice and humans. In women, parity before 30 years of

age has the effect of decreasing the risk of developing breast cancer; this

effect is greater' if the first child is born before the age of 20 years (Bain

et al. 1981, Trapido, 1983).

Most mammary carcinomas, as well as hyperplastic alveolar nodules, or

HAN (precursors of mammary neoplasms), are immunogenic by virtue of

virus coded tumor antigens. In addition, weak tumor antigens specific for

individual virally-induced mouse mammary tumors have been demonstrated

(Vaage, 1968). Of interest in this regard is the observation that, in

MuMTV-negative BALB/c mice, tumors arising from transplantable HAN

following hormonal stimulation were weakly immunogenic whereas tumors

arising from HAN following treatment with chemical carcinogens were

strongly immunogenic, thus indicating that immunogenicity is sometimes

related to the inductive stimulus (Ruppert et a l . , 1978).

Many immunologic studies have centered on questions concerning the

host's immune response to MuMTV in relation to tumor development. The
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humoral immune response to MuMTV is reported to be higher in mouse

strains which have a high level of v i rus expression, whereas cell-mediated

immunity is higher in low-MuMTV expressors (Creemers and Bentvelzen,

1981). During tumor growth in some strains, both types of immune response

can become increased. Tumor development can be inhibited or delayed by

various procedures which affect the host's immune response to MuMTV,

including inoculation with inactivated v i rus , adjuvants, and thymectomy (see

review by Medina, 1982). The interrelationships between tumoriqenesis and

the immune system in the mouse are clearly intricate and manifold.

The description and classification of mouse mammary tumors has

occupied investigators since the tu rn of the century, but the classification

developed by Dunn in 1959 is the most widely used at the present time.

This classification has been modified and extended by several workers (van

Ebbenhorst Tengbergen, 1970; van Nie and Dux, 1971; bass and Dunn,

1979) and recent publications have re-emphasized certain of the precursor

lesions as well (Sass et a l . , 1982; Squart ini , 1979).

According to the revised Dunn classification (Sass and Dunn, 1979),

malignant mouse mammary tumors can be divided into three main groups:

carcinomas, carcinomas with squamous differentiat ion, and connective

tissue-type neoplasms. The carcinoma group is fur ther subdivided into

seven subtypes (adenocarcinoma types A , B , C , Y , L , P and undifferentiated),

based an the architecture and degree of differentiation of the neoplastic

acini and tubules. Carcinomas with squamous differentiation are further

subdivided into the adenoacanthoma, pale cel l , and molluscoid types. The

th i rd major group includes carcinosarcomas, fibrosarcomas and hemangio-

endotheliomas. The types A and B adenocarcinomas account for the majority

of mammary tumors in most mouse strains, frequently arise from HAN, and

can be induced by a variety of agents, icluding various subtypes of

MuMTV, hormones or chemical carcinogens. The other types of neoplasms

occur less frequently or are rare, and in several cases are stra in- and/or

treatment-specific. Most of the common types of mammary carcinomas appear

to arise from HAN and thus from alveolar epithel iun, although some arise

from atypical hyperplastic lesions of small ducts (Medina, 1982).

Most types of mammary carcinomas frequently give rise to pulmonary

metastases, often exceeding incidences of 50%, depending upon the strain.

An objection often voiced is that very few types of mouse mammary tumors

have their morphological counterparts in man. Despite th is , the mouse will
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continue to be an invaluable and widely used animal model for certain of the

aspects of mammary carcinogenesis briefly mentioned above.

7.2.4 The Dog

Mammary neoplasms are among the most common of neoplasms in the

dog: between 25 and 50% of all neoplasms in females of this species arise in

the mammary glands. Despite th is , dogs have not been widely used as

animal models in breast cancer research for a number of reasons, including

their relatively long life span, the lack of inbred animals, the considerable

expenses involved in their husbandry, and several others which will become

evident below.

The annual incidence rate of mammary tumors in dogs is approximately

200/100,000 females (Dorn et a l . , 1968) which is several times that for

human females. The incidence increases sharply after 6 years of age, and

peaks between 10 to 11 years. Mammary tumors occur in all breeds of dogs,

and a recent report indicates that certain of the purebred hunting breeds

may be more commonly affected than others (Priester and McKay, 1980).

There is no evidence at the present time that a virus plays a role in

the etiology of canine mammary neoplasms (Owen, 1979), although this

question is sti l l under investigation employing newer techniques. Also,

whole body X irradiation was shown not to be effective in increasing the

overall incidence of mammary tumors in dogs, although tumors arose at an

earlier age in irradiated dogs relative to controls (Moulton, 1978). The life

span of irradiated dogs was reduced as compared to that of controls, and

this was ascribed in large part to the earlier development of malignant

neoplasms, including those of the mammary glands (Andersen and

Rosenblatt, 1969).

The protective effect of ovariectomy, if performed at an early age

(before 2.5 years of age), has indicated that hormones play an important

role in mammary neoplasms of dogs (Owen 1979; Theilen and Madewell,

1979), and from 40 to 60% of mammary tumors have been found to contain

estrogen receptors (Chrisp and Spangler, 1980; MacEwen, et a l . , 1982).

However, regression of mammary tumors following ovariectomy has not been

demonstrated (Owen, 1979).

The effect of parity on the occurrence of mammary tumors in dogs has

yielded conflicting data (Else and Hannant, 1979) but , in general, it is not
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considered to significantly affect tumor r isk. Exogenous estrogens,

including DES, are not effective in inducing mammary tumors in dogs, even

after long-term administration. On the other hand, progestins, identical to

those used in human oral contraceptive preparations, have been shown to

be highly effective in inducing a variety of lesions, including neoplasms, in

canine mammary glands (Ca^ey, et a l . , 1979; Concannon, et a l . , 1981;

Frank, et a l . , 1979; Giles, et a l . , 1978; Kwapien, et a l . , 1977, 1980).

Since this effect has not been found in other laboratory

animals, and because of certain peculiarities of the canine estrous cycle

and other endocrinological differences (Br iggs, 1980; Else and Hannant,

1979; Owen, 1979), it has been suggested that this species is an

inappropriate one for the purpose of chronic toxicological testing of human

contraceptive preparations (Br iggs, 1980; van Os, et a l . , 1981).

Studies on the immunological aspects of canine mammary neoplasia are

hampered by the lack of inbred animals, and only few reports dealing with

these aspects have appeared. Recently, the role of circulating immune

complexes in canine mammary neoplasia has received some attention (Bal int,

et a l . , 1982; Cordon, et a l . , 1980). Other studies indicate that this

species might be useful in investigating the efficacy of immunotherapeutic

protocols (Chrisp and Spangler, 1980; Holohan, et a l . , 1982).

It is beyond the scope of this section to discuss the issue of canine

mammary tumor classification, since many divergent schemes have been

proposed over the years, largely as a result of the complex morphological

nature of mammary tumors in this species. This issue is discussed at

length in several recent publications (Moulton, 1978; Owen, 1979; Theilen

and Madewell, 1979) and it appears that a modification of the WHO clas-

sification system (Hampe and Misdorp, 1974) is increasingly gaining in

acceptance (Casey et a l . , 1979; Chrisp and Spangler, 1980). Misdorp and

Hart (1979) have shown that certain histological features of malignant

mammary tumors emphasized in the WHO classification may have prognostic

significance. Furthermore, it was recently shown that grading of certain

structural parameters in canine mammary tumors, such as degree of ductal

proliferation and atypia, degree of nuclear differentiation and intensity of

lymphocytic inf i l t rat ion, correlated well with biological behavior (Cilbertson

et a l . , 1983), as has also been demonstrated in human breast cancers

(Black et a l . , 1975).
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The confusion regarding mammary tumor classification in the dog is

the result of the extreme diversity and variabil i ty in histological patterns

of these tumors. This is largely due to the common occurrence of a

prominent myoepithelial cell component in such tumors, which often

undergoes metaplasia to cartilage and bone ( i .e . mixed tumors). More than

70% of all canine mammary tumors exhibit such a tissue component

(Moulton, 1978; Casey et a l . , 1979) and "pure" epithelial neoplasms are

relatively uncommon. This common histological characteristic of canine

mammary neoplasms distinguishes this species from all others, including

man, in whom such a change occurs rarely or not at a l l .

Although not confirmed by appropriate transplantation studies,

several lesions of the canine mammary gland which may represent

preneoplastic lesions have been identified (Cardiff et a l . , 1977). Warner

(1976, 1977) has studied several such lesions, termed mammary dysplasias,

and found that they preceded the appearance of palpable tumors by

several years, and found them to have a similar site distr ibution pattern

as mammary tumors.

7.2.5 The Cat

Mammary neoplasms occur less commonly in cats than in dogs,

with an annual incidence rate of approximately 25/100,000 female cats

(Dorn et a l . , 1968). The peak incidence occurs between 11 and 12 years of

age. There is no reported breed predilection.

The majority (about 85%) of all mammary tumors in cats are

carcinomas, and most of these (about 65%) metastasize to local lymph nodes

or distant sites (Weijer and Hart, 1983). There is no definit ive evidence

for a role of viruses in the etiology of feline mammary neoplasms, although

in approximately 50% of the cases studied, v i rus particles of several types

were demonstrable (Calafat et a l . , 1977).

Very l i t t le is known concerning the role of hormones in feline

mammary neoplasms. It has been observed that ovariectomy at

an early age reduces the risk of subsequent mammary tumor development

seven-fold (Dorn et a l . , 1968), which is even more str ik ing than the

sparing effect observed in the dog. Ovariectomy does not affect the

growth of a tumor once it has formed, however. Moreover, attempts to

demonstrate estrogen receptors in feline mammary tumors have been largely
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negative (Weijer, 1979). On the other hand, there is some evidence for a
role of progesterone in the development of an unusual proliferative non-
neoplastic lesion of the feline mammary gland, known as "feline mammary
hypertrophy" (Hayden et a l . , 1981; Hinton and Caskell, 1977; Moulton,
1978). Information on immune responses to feline mammary neoplasms is
scanty and generally noncontributory (Weijer, 1979).

The morphological aspects of feline mammary tumors have been de-
scribed (Weijer et a l . , 1972). Most of the malignant neoplasms were
classifiable as one of four carcinoma types: tubular, papillary, solid or
mucoid. Neoplasms of mesenchymal origin and mixed tumors are rare
(Moulton, 1978; Weijer et a l . , 1972). Preneoplastic mammary lesions have not
been identified with certainty in the cat.

As a result of the occurrence of highly malignant mammary tumors in
this species, the cat is proposed as a useful animal model in breast cancer
research (Misdorp and Weijer, 1980). However, the relative paucity of
knowledge about this tumor system, coupled with the peneral lack of availa-
bility of tumor-bearing animals, lack of inbred animals, relatively long life
span and high husbandry-related costs, have apparently retarded its wide-
spread use by investigators.

7.2.6 Nonhuman Primates

Reports of mammary neoplasms in nonhuman primates are extremely
scarce, which may be partly related to the fact that too few of these
species have been followed for the duration of their natural lives.
Consequently, information regarding the incidence of such neoplasms, and
the role of viral, hormonal and immunologic factors, is lacking.

Recently, the normal morphology and dysplastic changes associated
with aging in mammary glands were studied in pigtail macaques {Macaca
nemestrina) and the changes found were correlated with the levels of a
number of hormones (Warner, 1979). Several types of dysplastic lesions
increased in frequency with age, and correlations existed between the
numbers of lesions and levels of androgens, thyroid hormone and body
weight (Warner, 1980). The effects of an anti-estrogenic drug on mammary
gland morphology in M.fascicularis have also been reported (Lee and
Dukelow, 1981). The literature dealing with the effects of several contra-
ceptive steroids on nonhuman primate mammary glands has been summarized
by Casey et al. (1979), who also reviewed the few reported cases of
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mammary neoplasms available up to that time. Until other aspects of

mammary tumors in nonhuman primates become defined, these species would

appear at the present time to be of value mainly in the study of certain

spontaneous age-related and hormone-induced nonneoplastic mammary gland

lesions.

7.2.7 Other Species

In general, very l i t t le information is available on mammary neoplasms

in other laboratory animal species. Reports of mammary tumors in rabbits

and guinea pigs are, with few exceptions, anecdotal in nature, and litt le

information exists on the genetic, hormonal, immunologic or other aspects in

these species. The histological types of mammary tumors and numbers of

cases reported in rabbits was reviewed by Weisbroth (1974) and in guinea

pigs by Manning (1976).

Spontaneous mammary tumors in hamsters appear to be very rare; none

was reported in a series of 221 female hamsters of three different types

examined histopathologically (Pour et a l . , 1979). The induction of mammary

tumors in hamsters by methylcholanthrene has been reported (Homburger et

a l . , 1978), and a review of the l i terature dealing with the pathological

aspects of these tumors, as well as other induction methods, has recently

been published (Cardesa et a l . , 1982).

Praomys (Mastomys) natalensis, a South-African rodent intermediate in

size between the mouse and rat and also referred to as the multimammate

mouse, has been advocated as a useful animal model in cancer research (for

a review see Solleveld, 1981). In contrast to mice and rats, however,

spontaneous mammary neoplasms are apparently quits rare in this species.

In a series of 85 untreated aging female Mastomys of the agouti type

studied histopathologically (Solleveld et a l . , 1982), no animals with a

mammary tumor were reported. Similarly, Hollander and Higginson (1971)

found no mammary neoplasms in 149 untreated female Mastomys, although

they reported a mammary carcinoma in 1 of 81 Mastomys fed an experimental

diet.

Recently, it has been found that spontaneous mammary carcinomas

occur with greatly increased frequency in an inbred non-agouti Mastomys

mutant, known as the Z-stra in, with incidences of 37 to 55% being reported

(Randeria and Randeria, 1980; Randeria, personal communication). The

mammary carcinomas in the mutant Z-strain reportedly metastasized
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TABLE 7.2 COMPARISON OF SELECTED FEATURES OF MAMMARY TUMORS (MT) IN DIFFERENT SPECIES

RAT MOUSE DOG CAT HUMAN

i Age at onset
of most
spontaneous MT

middle age
and older
(>18-24 mo)

iApprox.max.survival 4 yr
iEvidence of yes

young adult
to middle age
(<1O-12 mo)

3.5 yr
yes

middle age
and older
(peak,
10-11 yr)

16 yr
indefinite

middle age
and older
(peak,
11-12 yr)

90 yr
indefinite

middle age
and older
(peak,
40-50 yr)

100 yr

yes
familial/hereditary
factors in
occurrence of MT
Evidence for role
of virus in
occurrence of MT
Evidence for role
of nutritional
factors in
occurrence of MT

Effect of
irradiation

MT induced by
exogenous hormones:

estrogens
progestins

iEffect of ovari-
ectomy at early age
iEffect of parity

no

yes

increased
incidence,
decreased
latent period

yes
no

protective

protective
(chem.carcinogen
induced tumors)

yes

yes

decreased
latent period

yes
no
protective

increased
incidence

no

no

decreased
latent period

no
yes

protective

none

indefinite

no

unknown

yes
yes
protective

unknown

no

suspected

increased
incidence

unknown
unknown
protective

protective
(before age 30)



Hormone dependency
of MT

Estrogen receptors
in MT (% positive)

Overall frequency
of spontaneous
carcinomas ;

Average annual
incidence of
mammary carcinomas

Relative incidence
of carcinoirK-s
(as % of al 1 MT)

iRelative frequency
of metastases

iRange of MT
histomorphology

iMost common
malignant MT types

iMost common
benign MT type

iPreneoplastic
lesion,suspected
or established

usually
dependent

705' or more

varies with strain;
generally low
(0-25%)

varies with strain;
spontaneous
generally low
(10-50%); induced
high (75-100%)

uncommon
(<10%)

wide

tubular and
papillary
carcinoma

fibroadenoma

atypical duct
hyperplasia

usually
independent

low

varies with strain
generally high
(>70%)

varies with strain
generally high
(>90%)

variable
(10-50%)

limited

adenocarcinoma
Dunn's type
A and B

unknown

hyperplastic
alveolar nodule;
plaques

independent

25-40%

~200.10"5yr"1

20-40%

common
(80%)

wide & complex

simple carcinoma
(several types)

mixed mammary
tumor

lobular
dysplasia

unknown

0-10%

~25.10'5yr"1

-85%

common
(65%)

limited

tubular
adeno-
carcinoma

adenoma

unknown

sometimes depend-
ent(20-40% regress
with hormonal
therapy)

60-75%

varies with country
-9% in US

varies with country

-ss.io'V"1 (us)

-60%

common
(75%)

wide

invasive duct
carcinoma (scir-
rhous carcinoma)

fibroadenoma

atyp.lobule type A
atyp.lobule type B

The data in this table are derived from the following publications: Burek, 1978; Cardiff et al., 1977; Chrisp and Spangler, 1980;
Comfort, 1979; Else and Hannant, 1979; Hayes et al., 1981; Owen, 1979; Schottenfeld, 1981; Sluyser, 1981; Taylor et al., 1976; Theilen
and Hadewell, 1979; Weijer, 1979; Weijer et al., 1972; Weijer and Hart, 1983; Wellings et al., 1975; Young and Hallowes, 1973; and
this monograph.



frequently, developed more often in virgins than in breeders, were not

associated with a milk virus, and were of ductal origin (Randeria, 1982). It

would seem prudent to further characterize the mammary neoplasms of this

rodent species in order to determine whether they may be useful as models

in particular aspects of breast cancer research.

7.2.8 Conclusions

A comparison of a selected number of features relating to mammary

neoplasms of rats, mice, dogs, cats and humans is provided in Table 7.2.

It is clear from this table that no single animal species resembles the human

in every respect; on the other hand, certain features are shared by all

species. Since by far the greatest amount of experimental data concerning

mammary neoplasia has accumulated from studies in rodents, partly due to

their ease of handling and maintenance, relatively low cost, availability of

inbred strains and ease of tumor induction by different carcinogenic agents,

it is unlikely that these species will not continue to be studied extensively

in the fuvure. Each species has advantages and disadvantages of which

investigators must be cognizant, but both rats and mice can be used

profitably to reveal the role of environmental and endogenous factors in

mammary carcinogenesis, and to understand the mechanisms involved in the

carcinogenic process.

As an example, the rat may be of particular value as a model in which

to study the early, or in situ, stage of mammary carcinoma development,

since a noninvasive growth pattern appears to characterize most of the

spontaneous, or induced, malignant epithelial mammary neoplasms in this

species. On the other hand, to study the process of metastasis, which

constitutes one of the primary causes of treatment failures in women with

breast cancer, the rat clearly appears deficient as an animal model in most

experimental situations. To study specific aspects of this process, the

nnine, feline or certain mouse mammary tumor systems may be effectively

employed. Alternatively, it may be more advantageous, for different

reasons, to carry out such studies in rats. As was pointed out in Section

7.2.2, studies using transplantable mammary tumor lines with different

metastatic potential have provided valuable information in this regard.

However, a rat mammary tumor system exhibiting spontaneous metastases in

high frequency from primary neoplasms would be more satisfactory as a

model of metastasizing human breast cancer. Efforts are being expended in
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our laboratory to develop a model which meets this requirement. The

studies described in this monograph have identified certain experimental

conditions (e.g. rat strain, hormonal background, type and dose of irradia-

tion) which yield a high incidence of hiEtologically malignant neoplasms,

some of which demonstrated the ability to metastasize. Conditions enhancing

the development of metastases in such animals can then be studied. In this

way, not only can the correlation between specific morphological features

and ultimate biological behavior be better elucidated, but also further

insight into one of the central problems of human breast cancer may be

gained.

223



SUMMARY

For many years, breast cancer has been a high priority area in

science and medicine for the purpose of establishing its cause, cure and

prevention. Breast cancer is a major health problem, affecting approximately

nine percent of women in Western countries during their lifetime, and it

exacts an enormous toll in terms of physical and mental well-being cs well

as human lives. The extraordinary efforts, skills and resources expended

by clinicians and investigators have resulted in considerable advances in

early diagnosis, treatment and identification of risk factors. A great deal

must still be learned, however, in order to improve long term survival rates

even more and to stem the continuing rise in breast cancer incidence.

Breast cane T detection programs, improved clinical trials and changing

concepts in surgical procedures are contributing vastly to a better

management of the patient, but many of the fundamental questions relating

to the neoplastic process itself must come from the laboratory. In this

context, studies performed in animals or animal systems are indispensable

for understanding the basic mechanisms of carcinogenesis in order to

rationally approach the issue of prevention as well as further improving

treatment.

This monograph deals with radiation and hormone-induced mammary

carcinogenesis in the rat. The objectives are: (1) to investigate the

dose-effect relationships of X rays and neutrons for mammary

carcinogenesis; (2) to analyze the effects of different neutron energies on

mammary carcinogenesis; (3) to study possible synergism between exogenous

estrogen and radiation; (4) to examine the effects of fractionated and low

dose irradiation on mammary carcinogenesis; and (5) to provide detailed

morphological descriptions of neoplastic and nonn • lastic lesions of the rat

mammary gland. Such data are relevant in the assessment of the possible

hazards of single or repeated exposures to low dose irradiation, for example

from diagnostic or industrial sources. In addition, the possible influence of

altered hormonal conditions, such as from oral contraceptive use or

replacement estrogen therapy, may be evaluated. Defining the pathogenesis

of radiation and/or hormone induced rat mammary neoplasms and developing

a classification system reflecting the morphological features of rat mammary
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tumors may put into proper perspective the relevance of this animal model

in comparative studies.

The studies on which this monograph is based were carried out in

females of two inbred rat strains, viz. the Wistar-derived WAC/Rij strain

and the Brown Norway BN/BiRij strain, and a partly inbred Sprague-

Dawley jtock (also referred to as a strain hereafter for the sake of

convenience). The origin of the rats, husbandry conditions, and selected

biological parameters which further characterize these strains are provided

in Chapter 2.

Ionizing radiation has clearly been shown to be capable of inducing

breast cancer in women, however, controversy exists regarding the shape

of the dose-response curve, especially at low levels of irradiation. In this

context, radiation carcinogenesis studies in animals form a valuable adjunct

to human epidemiological studies. Moreover, the modifying role of additional

factors, such as hormonal alterations, can be studied conveniently in

animals. Studies on radiation-induced mammary carcinogenesis have been

carried out in rats for over 30 years, and some of the important findings in

this area are reviewed in Chapter 3. The results of the present experiments

indicate that considerable differences exist in the susceptibility of the three

rat strains studied to induction of mammary neoplasms by irradiation.

Overall, in terms of the relative proportion of benign (i.e. fibroadenomas)

to malignant (i.e. carcinomas) tumors, WAG/Rij rats showed the lowest

ratio, BN/BiRij the highest, and Sprague-Dawley an intermediate value. The

life table derived cumulative tumor incidences generally increased as a

function of dose. Also, the cumulative tumor incidence curves showed a

forward shift in time as a function of increasing dose of radiation. Estrogen

administration induced an increased incidence of carcinomas, the absolute

values again varying somewhat with the strain. The cumulative incidence

curves tended to rise more sharply and at earlier age intervals in

estrogen-treated rats than in the nonestrogen-treated ones. Removal of the

ovaries abolished the tumor inducing effects of irradiation, whereas the

tumor response in estrogen-treated ovariohysterectoniized rats was

indistinguishable from that in intact estrogen-treated rats. No differences in

tumor incidences were observed in WAG/Rij rats exposed to fractionated

irradiation as compared to single exposures of the same total dose.

The relative biological effectiveness (RBE) of 0.5 MeV neutrons for

mammary carcinoma induction could be calculated only for WAG/Rij rats, and
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was found to be 14; the RBE for all benign mammary tumors ranged from 5

to 25 in the three strains.

The normal gross and microscopic anatomy and the postnatal

development of the rat mammary gland are reviewed in Chapter 4 and

formed the background against which the nonneoplastic and neoplastic

lesions were considered. The histopathological characteristics of the

mammary tumors observed in rats of this study are described, and

differences and similarities to mammary neoplasms of other species are

discussed. A classification is proposed which is intended to be

uncomplicated and yet comprehensive enough to incorporate the various

histological tumor patterns seen. Five main histological types of benign

neoplasms were recognized and include the adenoma, papilloma, papillary

cystadenoma, fibroadenoma, and fibromD. Malignant epithelial neoplasms

could be divided into four histological types: tubulopapillary, compact

tubular, cribriform-comedo and anaplastic. Malignant mesenchymal tumors,

tumors showing both malignant epithelial and mesenchymal elements, and

malignant epithelial neoplasms arising within fibroadenomas were also

observed. In addition, some histological features associated with certain

mammary carcinomas, such as squamous or sebaceous metaplasia, and

infiltration of tumor stroma by mast cells, were described.

Metastases from malignant mammary tumors were demonstrated in a

small number of rats in this study. Most malignant tumors were confined to

the mammary gland region, however. Therefore, in classifying the mammary

carcinomas, an attempt was made to indicate potential differences in

biological behavior by denoting the presence or absence of invasion into the

surrounding tissues. This additional histological parameter, i.e.

invasiveness, characterizes such neoplasms more completely for comparative

purposes, and permits the assessment of strain- or treatment-related factors

on tumor growth pattern.

Using the proposed classification, an analysis was made in Chapter 5

of whether strain-related or treatment-related (i.e. irradiation and/or

estrogen administration) differences existed in terms of the relative

frequency of the various types of mammary tumors. It was found, for

example, that the fibroadenoma was the most common benign tumor in the

three strains, and the noninvasive tubulopapillary carcinoma was the most

frequent malignant neoplasm in two of the three strains. Treatment with

estrogen resulted in an increase in the frequency of cribriform-comedo-
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carcinomas in the three strains. Although metastasizing neoplasms were

uncommon, the cribriform-comedocarcinoma tended to be associated with

distant metastasis slightly more often than the other carcinoma types and an

invasive type of growth pattern in the primary tumor correlated well with

the ability to metastasize.
The topographical distribution of fibroadenomas and carcinomas was

also examined; the former appeared to be equally distributed over all

mammary quadrants (groups of three cranial or caudal glands on either

side), whereas the latter tended to occur slightly more frequently in the

caudal quadrants. It was concluded that irradiation did not result in the

development of a specific tumor type or types, and that the interplay of a

number of factors results in the morphological expression of a neoplasm.

The adenohypophyseal hormone prolactin appears to play an important

role in mammary carcinogenesis in rodents, and most spontaneous or

estrogen-induced pituitary tumors in rats are derived from prolactin-

secreting mammotropes. Spontaneous pituitary tumors occurred with high

frequency (s 80%) in untreated rats of two of the three strains studied,

(i.e. WAC/Rij and Sprague-Dawley), and in Chapter 6 the effect of

irradiation with and without estrogen administration on pituitary tunor

development was assessed using the life table method. Although the crude

pituitary tumor incidences in irradiated and/or hormone treated rats rarely

approached the high levels found in nonirradiated control rats, certain of

the irradiated groups, especially those also receiving estrogen, showed a

dose-related forward shift in time of the cumulative pituitary tumor

incidence curves.

Strain differences were not found in the basal prolactin levels in rats

up to 2 years of age, although from other studies it appeared that WAG/Rij

and Sprague-Dawley rats developed markedly elevated prolactin levels in

response to estrogen administration, whereas BN/BiRij rats showed only a

mild response. Elevated plasma prolactin levels were correlated with the

presence of pituitary tumors, and an attempt was made to determine

whether a relation existed between the presence of a pituitary tumor (and

indirectly, therefore, an elevated plasma prolactin level) and a mammary

tumor. The results of this analysis are inconclusive however, and longi-

tudinal studies coupling hormone assays with morphological studies of the

pituitary gland and target organs (e.g. mammary gland) are needed.

Recently, evidence incriminating certain estrogenic compounds,including
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oral contraceptive preparations, in the etiology of several liver lesions in

women has been accumulating. In Chapter 6, a possible role of estradiol-

176, alone or in combination with ior'^ing radiation, in inducing liver

lesions in rats was examined. Several hepatoproliferative and other liver

lesions were described and considered in this analysis. Based on a limited

analysis, estrogen alone did not appear to influence the development of

liver lesions in these rats. On the other hand, the evidence did suggest

that the highest doses of radiation studied increased the incidence of

several lesions, i.e. foci and areas of cellular alteration, and biliary cysts.

In addition, in WAC/Rij rats, the strain with the highest incidence of

spontaneous li"er lesions, nodular (regenerative) hyperplasia, bile duct

proliferation and spongiosis hepatis occurred more frequently in irradiated

rats than in controls.

Following a brief general discussion which attempts to place in

perspective the various aspects of rat mammary carcinogenesis dealt with in

this monograph, a synopsis is given in Chapter 7 on what constitutes an

animal model. Several of the more common animal models employed in breast

cancer research ( i .e . , rat, mouse, dog and cat) are described, as well as

some less commonly used models (i.e. nonhuman primate, rabbit, guinea

pig, hamster and Mastomys). A number of characteristic features of

mammary tumors in each species is reviewed, and an attempt was made to

indicate in which area of breast cancer research each species has lent itself

most profitably, and to which areas important contributions may be expected

in the future.
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TABLE A.I

Type
of
irrad.

None

X rays

Neutrons
0.5 MeV

Neutrons
4.2 MeV

Neutrons
15 MeV

Dose
(Gy)

-

0.25
1.00
4.00

0.06
0.26
1.02

0.12
0.37
1.24

0.17
0.55
1.65

CRUDE MAMMARY

No. rats
necropsied/
starting no.

37/40

38/40
17/20
33/35

35/39
15/20
17/20

37/40
18/20
18/20

37/39
19/20
18/20

No.
MT

10

10
6
25

7
5
9

17
13
9

14

10

TUMOR

with
(%)

(27)

(26)
(35)
(76)a

(20)
(33)
(53)

(46)fl

(50)

(30)
(58)a

(56)

INCIDENCE

Total no.
MTs

10

11
8
41

10
7
14

19
16
13

16
13
15

IN INTACT FEMALE WAG/Rij

No.with
FA(X)

3 (8)

6 (16)
4 (24)
16 (48)a

6 (17)
4 (27)
7 (41)a

11 (30)a

10 (5<j
6 (3j)a

7 (19).
9 (47)a

8 (44)a

No.with
other
benign(%)

0

1 (3)
0
2 (6)

0
0
0

2 (5)
1 (6)
2 (11)

1 (3)
1 (5)
0

RATS (Ex|

No.with
CA (%)

7 (19)

3 (8)
2 (12)
12 (36)a

2 (6)
3 (20)
5 (29)

6 (16)
3 (17)
4 (22)

8 (22)
2 (11)
4 (22)

periment I)

No.with
other

0

o
0
0

0
0
0

0
0
0

0
0
0

i

Mean age
at death
(range)(mo

28 (21-36)

26 (15-34)
23 (11-30)
22 (14-29)

21 (16-24)
19 (11-25)
17 (12-22)

25 (15-32)
23 (18-28)
20 (11-25)

26 (16-33)
24 (16-30)
20 (15-30)

a p < 0.05 compered to correspond!no. control value.
Abbrevi ations used: Cy, Cray; MT , mammary tumor; FA, fi broadenoma; CA, ca rci noma; Fx, fraction.



TABLE A.2

Type
of
irrad.

None

X rays

Neutrons
0.5 MeV

Neutrons
4.2 MeV

Neutrons
15 MeV

CRUDE MAMMARY TUMOR

Dose
(Gy)

-

0.25
1.00
4.00

0.06
0.25
1.02

0.12
0.35
1.17

0.16
0.52
1.57

No.rats
necropsied/
starting no.

31/40

35/40
19/20
17/20

35/40
19/20
20/20

36/40
17/20
15/19

38/39
19/20
20/20

INCIDENCE

No.with
MT(%)

13 (42)

18 (51)
14 (74)
14 (82)e

28 (80)a

16 (84)
19 (95)a

28 (78)
14 (82)
14 (93)a

27 (71)
18 (95)a

16 (80)

IN INTACT E

Total no.
MTs

17

26
28
31

45
33
42

61
27
28

46
40
32

;STROGEN-TREATED FEMALE

No.with
FA(%)

2 (6)

1 (3)
3 (161
4 (?4)

3 (9)
Q (47)d

8 (40)3

10 (28)a

5 (35)a

8 (53)a

5 (13)
2 (11)
5 (25)

No.with
other

0

3 (9)
1 (5)
4 (24)

3 (9)
0
3 OF1

4 (ii)
0
1 (7)

1 (3)
2 (ID
1 (20)

WAG/Rij RATS (Experipient I)

No.with No.with
CA (%) other

mal ig. ['•)

11 (35)

16 (46)
13 (68)a

11 (65)a

73 (66)a

13 (68)a

15 (75)a

21 (58)
11 (65)a

£6 (68 'fl

15 (I?)*
15 (75

0

0
0
0

0
0
0

1 (3)
1 (6)
0

0
0
0

Mean ece
at death
(rance)(mo)

18 (13-25)

18 ( 8-26)
19 (15-21)
14 ( 5-22)

18 (11-25)
15 ( 8-18)
14 ( 8-18)

18 (10-22)
16 (11-20)
15 (12-18)

16 ( 5-21)
15 ( 8-18)
14 ( 9-19)

a p < 0.05 compared to corresponding control value.



TABLE A.3

Type
of
i rrad.

None

X rays

Neutrons
0.5 MeV

Neutrons
4.2 MeV

Neutrons
15 MeV

CRUDE MAMMARY TUMOR INCIDENCE IN OVAR]

Dose
(Gy)

-

0.25
1.00
4.00

0.06
0.23
1.02

0.12
0.37
1.24

0.17
0.55
1.65

No.rats
necropsied/
starting no.

36/40

33/40
15/18
21/26

29/38
28/38
14/20

37/39
18/19
18/20

32/38
16/19
18/18

No.with
MT(%)

0

0
1 (7)
1 (5)

1 (3)
1 (4)
0

1 (3)
1 (6)
1 (6)

7 (6) a3 (19)a

0

Total no.
MTs

0

0
1
1

1
1
0

1
1
1

2
3
0

[OHYSTERECTOI

No.with
FA(%)

0

0
0
0

0
1 (4)
0

1 (3)
0
0

0
3 (19)
0

yilZED FEMALE

No.with
other
benign(%)

0

0
0
0

0
0
0

(i
0
0

0
0
0

WAG/Rii RATS (Exper

No.with
CA {%)

0

0
1 (7)
0

1 (3)
0
0

0
1 (6)
0

2 (6)
0
0

No.with
other

malig.(X)

0

0
0
1 (5)

0
0
0

0
0
1 (6)

0
0
0

iment I)

Mean age
at death
(range) (mo)

33 (17-43)

30 ( 9-37)
28 ( 9-34)
20 ( S-30)

22 ( 8-32)
21 ( 7-29)
19 ( 9-26)

26 ( 6-35)
27 (13-32)
22 ( 7-31)

28 (12-35)
25 (1G-33)
23 (12-31)

a p <O.O5 compared to corresponding control value.



TABLE A.4 CRUDE MAMMARY TUMOR INCIDENCE IN OVARIOHYSTERECTOMIZED ESTROGEN-TREATED FEMALE WAG/Rij RATS
(Experiment I)

Type
of
irrad.

None

X rays

Neutrons
0.5 MeV

Neutrons
4.2 MeV

Neutrons
15 MeV

Dose
(Gy)

-

0.25
1.00
4.00

0.06
0.25
1.02

0.14
0.49
1.17
1.65

0.16
0.52
1.57

No.rats
necropsied/
starting no.

37/40

33/40
16/19
16/20

38/40
18/19
20/20

76/79
17/19
18/19
18/20

33/40
17/20
18/19

No.with
MT(X)

23 (62)

14 (42)
11 (69)
13 (81)

32 (84)a

16 (89)
19 (95)a

52 (68)
14 (82).
17 (94)a

16 (89)

20 (61)
15 (88)
18 (100)a

Total no.
MTs

30

22
26
22

68
60
47

100
29
44
54

36
35
52

No.with
FA(X)

0

2 (6)
3 (19)a

5 (31)a

6 (16)a

11 (61)a

9 (45)a

14 (18).
5 (29)a

6 (33)a

3 (17)a

3 (9)
8 (47)a

8 (44)a

No.with
other
benign(3S)

1 (3)

0
0
0

3 (8)
0
1 (5)

3 (4)
0
2 (11)
0

0
0
0

"o.with
CA (%)

23 (62)

13 (39)
10 (63)
9 (56)

30 (79)
14 (78)
16 (80)

46 (61)
13 (76)
14 (78)
16 (89)

19 (58)
14 (82)
18 (100)a

No.with
other

0

0
0
1 (6)

0
0
0

0
0
0
0

0
0
0

Mean age
at death
(range)(mo)

19 ( 7-24)

18 (10-22)
17 (12-20)
13 (10-19)

18 (12-21)
17 (11-20)
13 ( 9-17)

18 ( 7-23)
15 ( 7-21)
15 (13-18)
13 ( 8-17)

16 ( 6-21)
16 (12-18)
13 (10-16)

a p <0.05 compared to corresponding control value.



TABLE A.5

Type
of
irrad.

None

X rays

Neutrons
0.5 MeV

Neutrons
4.2 MeV

Neutrons
15 MeV

Dose
(Gy)

-

0.25
1.00
4.00

0.06
0.26
1.02

0.12
0.37
1.24

0.17
0.55
1.65

CRUDE MAMMARY TUMOR INCIDENCE IN

No.rats
necropsied/
starting no.

28/41

33/37
18/19
16/19

36/40
16/20
18/19

35/38
15/19
17/20

31/38
16/18
18/18

No. with
MT(%)

4 (14)

5 (15)
10 (56)*
14 (87)a

4 (ID
3 (19)
8 (44)a

8 (23)
5 (33)a
8 (47)a

8 (26)
8 (50)a

14 (78)a

Total no.
MTs

4

5
10
16

4
5
10

8
5
U

8
10
20

INTACT FEW

No.with
FA(X)

3 (11)

5 (15)
10 (56)a

14 (S7)a

4 (11)
3 (19)
7 (39)a

7 (20)
5 (33),
7 (41)a

6 '19).
7 (44)a

14 (78)a

,LE BN/BlRiJ

No.with
other
benign(%)

0

0
0
0

0
0
0

0
0
1 (6)

0
2 (13)
1 (6)

RATS (t>

No.with
CA {%)

1 (4)

0
0
1 (6)

0
0
1 (6)

0
0
1 (6)

1 (3)
1 (6)
0

cpenment I]

No.with
other
malig.(%)

0

0
0
0

0
0
0

1 (3)
0
0

1 (3)
0
0

Mean age
at death
(range)(mo)

27 (17-32)

26 (15-36)
22 (14-31)
20 (14-24)

18 ( 8-25)
14 ( 8-18)
16 ( 8-21)

22 ( 6-33)
22 (11-26)
19 (12-25)

26 (10-33)
22 (15-30)
20 (12-24)

a p <0.05 compared to corresponding control value.



TABLE A.6

Type
of
i rrad.

None

X rays

Neutrons
0.5 MeV

Neutrons
4.2 MeV

Neutrons
15 MeV

CRUDE

Dose
(Gy)

-

0.25
1.00
4.00

0.06
0.25
0.73
1.02

0.12
0.49
1.17

0.16
0.52
1.57

MAMMARY TUMOR

No. rats
necropsied/
starting no.

26/40

24/40
17/20
26/33

31/40
16/19
14/20
16/20

34/40
17/20
13/20

26/39
15/20
18/20

INCIDENCE

No.with
MT(X)

0

1 (4)
3 (18)
3 (12)

1 (3) .
4 (25)a

4 (29)a

2 (13)

2 (6)
8 (47)a

4 (31)a

2 (8)
2 (13)
8 (44)a

IN INTACT

Total no.
MTs

0

1
4
4

1
5
4
3

2
9
7

2
2
8

ESTROGEN-TREATED FEMALE

No.with
FA(%)

0

0
2 (12)
1 (4)

0
1 (6)
3 (21)a

0

3 (3) a
6 (35)a

2 (15)

1 (4)
2 (13),
6 (33)a

No.with
other
benign(%)

0

0
0
2 (8)

0
1 (6)
1 (7)
0

0
1 (6)
2 (15)

0
0
0

BN/BiRij RATS (Experiment I)

No.with
CA {%)

0

1 (4)
1 (6)
0

1 (3)
2 (13)
0
2 (13)

1 (3)
1 (6)
1 (8)

1 (4)
0
2 (ID

No.with
other

ma 1 i g.(%]

0

0
0
0

0
0
0
0

0
0
0

0
0
0

Mean age
at death

) (range)(mo)

14 ( 8-20)

16 ( 7-23)
16 ( 7-24)
15 ( 6-22)

14 ( 7-23)
16 (10-24)
14 (10-20)
14 ( 9-19)

14 ( 6-22)
16 (11-19)
14 ( 9-20)

16 ( 9-24)
14 ( 6-18)
17 (11-21)

a p <0.05 compared to corresponding control value.



TABLE A.7

Type
of
i rrad.

None

X rays

Neutrons
0.5 MeV

Neutrons
4.2 MeV

Neutrons
15 MeV

CRUDE

Dose
(Gy)

-

0.25
1.00
4.00

0.06
0.26
1.02

0.12
0.37
1.24

0.17
0.55
1.65

MAMMARY TUMOR

No. rats
necropsied/
starting no.

50/52

35/38
15/20
27/30

35/40
19/20
17/17

31/36
16/19
16/20

30/38
18/19
19/19

INCIDENCE

No.with
MT(%)

0

0
0
1 (4)

0
0
1 (6)

1 (3)
0
0

2 (7)
0
0

IN OVARIOHYSTERECTOMIZED FEMALE

Total no.
MTs

0

0
0
1

0
0
1

1
0
0

3
0
0

No.with
FAU)

0

0
0
1 (4)

0
0
1 (6)

1 (3)
0
0

1 (3)
0
0

No.with
other
benign(%)

0

0
0
0

0
0
0

0
0
0

0
0
0

BN/BiRij RATS

No.with
CA {%)

0

0
0
0

0
0
0

0
0
0

0
0
0

(Experiment I)

No.with
other
malig.U)

0

0
0
0

0
0
0

0
0
0

1 (3)
0
0

Mean age
at death
(range)(mo)

23 (16-30)

23 (13-30)
22 (17-27)
22 ( 9-30)

14 ( 8-20)
14 (10-18)
15 (10-18)

19 (12-24)
16 ( 8-22)
20 (11-25)

25 (15-30)
23 (12-28)
20 ( 6-29



TABLE A.8

Type
of
i rrad.

CRUDE MAMMARY TUMOR INCIDENCE IN OVARIOHYSTERECTOMIZED ESTROGEN-TREATED FEMALE BN/BiRij RATS

(Experiment I)

None

X rays

Dose
(Gy)

0.25
1.00
2.00
4.00

Neutrons 0.06
0.5 MeV 0.25

1.02

Neutrons 0.12
4.2 MeV 0.49

1.17
1.65

Neutrons 0.16
15 MeV 0.52

1.57

No.rats
necropsied/
starting no.

37/42

20/40
16/20
15/19
23/29

29/41
18/20
15/19

33/39
16/20
15/20
15/17

34/40
17/20
17/20

No.with
MT(%)

1 (3)

0
2 (13)
2 (13)
3 (13)

i").
(27)a

(9)
(19).
(33)*
(33)a

(3)

(29)a

Total no.
MTs

0
2
3
4

2
4
6

3
3
8
6

1
0
5

No.with
FA(X)

0
0
1 (7)
3 (13)

(7)
(17)a

(20)a

(9)
(13),
(27)s

(13)

(24 f

No.with
other

benign(%)

0

0
0
0
0

0
0
1 (7)

0
1 (6)
1 (7)
1 (7)

0
0
0

No.with
CA [%)

1 (3)

0
2 (13)
2 (13)
0

0
0
2 (13)

0
0
1 (7)
3 (20)

1 (3)
0
1 (6)

No.with
o*her

0
0
0
0

0
0
0

0
0
0
0

0
0
0

Mean age
at death
(range)(mo)

16 (11-27)

( 8-24)
18 (13-2
15

-24)
17 (12-23)
16 (11-21)

17 (10-25)
17 (10-22)
15 ( 6-23)

15 ( 5-25)
15 ( 9-21)
17 ( 9-22)
16 (10-22)

16 ( 7-24)
16 (12-21)
17 (16-20)

a p <0.05 compared to corresponding control value.



TABLE A.9

Type
of
irrad.

None

X rays

Neutrons
0.5 MeV

Neutrons
4.2 MeV

Neutrons
15 MeV

Dose
(Gy)

-

0.10
0.30
1.00
2.00

0.03
0.10
0.41

0.05
0.15
0.50

0.05
0.17
0.55

CRUDE MAMMAR1

No. rats
necropsied/
starting no.

30/40

30/40
17/19
16/20
14/20

33/40
17/19
19/20

33/40
16/20
15/20

30/40
17/20
20/20

,' TUMOR INCIDENCE IN INTACT FEMALE

No.with
MT(%)

9 (30)

20 (67)a

11 (65)a

12 (75)a

12 (86)a

5 (15)
9 (53)
12 (63)a

17 (52),
11 (69)a

11 (73)a

12 (40).
11 (65)a

18 (90)a

Total no.
MTs

12

27
17
18
18

5
11
16

21
15
15

17
13
24

No.with
FA(X)

8 (27)

17 (57)a

11 (65)a

10 (63)a

12 (86)a

5 (15)
6 (35)
6 (32)

15 (45).
11 (69)a

8 (53)

11 (37)
9 (53).
15 (75)a

SPRAGUE-DAWLEY RATS (Experiment

No.with
other
benign(%)

1 (3)

5 (17)
1 (6)
2 (13)
1 (7)

0
1 (6)
3 (16)

2 (6)
1 (6)
0

2 (7)
1 (6)
3 (15)

No.with
CA (%)

0

2 (7)
3 (18)a

1 (6)
0

0
2 (12)
1 (5)

0

o ,
3 (20)a

1 (3)
1 (6)
3 (15)

No.with
other

0

0
0
0
0

0
1 (6)
3 (16)

0
1 (6)
1 (7)

0
0
0

I)

Mean age
at death
(range)(mo)

24 (15-32)

26 (19-32)
23 (18-28)
22 ( 6-29)
18 (13-26)

20 (10-27)
19 (14-24)
17 (10-24)

21 ( 6-29)
19 (15-26)
17 ( 9-22)

23 (17-30)
23 116-30)
19 (14-24)

a p <0.05 compared to corresponding control value.



TABLE A. 10

Type
of
irrad.

None

X rays

Dose
(Gy)

0.10
0.30
1.00
2.00

Neutrons 0.03
0.5 MeV 0.10

0.41

Neutrons 0.05
4.2 MeV 0.20

0.47
0.66

Neutrons 0.05
15 MeV 0.16

0.52

CRUDE MAMMARY TUMOR INCIDENCE IN INTACT ESTROGEN-TREATED FEMALE SPRAGUE-DAWLEY RATS

(Experiment I)

No.rats
necropsied/
starting no.

21/40

18/39
26/39
31/49
16/18

22/40
13/19
17/20

27/40
17/20
14/20
13/19

26/40
14/20
18/20

No.with
MT(%)

4 (19)

8 (44)
14 (54)'
17 (55)a

8 (50)

13 (59)*
8 (62)'
13 (76)a

9 (33)
( ) a9

11
9

()
(53)a

(69)

10 (38)
9 (64)a

11 (61)a

Total no.
MTs

No.with
FA(S)

1 (5)

No.with
other
benign(X)

1 (5)

No.with
CA {%)

2 (10)

10
17
23
10

13
14
25

12
15
17
12

13
15
20

2
3
9
5

4
4
11

2
4
6
7

3
4
6

(11)
(12),
(29)a

(31)

(18)
(31),
(65)a

(7)
(24)
(43)a

(54)a

(12)
(29)
(33)a

2
1
5
2

0
0
3

1
3
3
1

2
0
1

(11)
(4)
(16)
(13)

(18)

(4)
(18)
(21)
(8)

(8)

(6)

5
11
7
3

9
7
4

8
3
5
3

6
6
7

(28).
(42)a

(23)
(19)

(41)a

(54)a

(24)

(30)
(18)
(36)
(23)

(23)
(43)a

(39)

No.with
other

0
0
0
0

0
0
0

0
0
0
0

0
0
1 (6)

Mean age
at death

(range)(mo)

18 (13-23)

17 ( 9-24)
15 (10-21)
17 (11-21)
14 ( 8-20)

16 (11-20)
15 (10-23)
15 (10-19)

16 (11-20)
16 (13-19)
15 (12-18)
13 (10-19)

18 (12-22)
16 (12-21)
14 (10-20)

•3 P <0.05 compared to corresponding control value.

4=



TABLE A.11

Type
of
irrad.

None

X rays

Neutrons
0.5 MeV

Neutrons
4.2 MeV

Neutrons
15 MeV

Dose
(Gy)

-

0.10
0.30
1.00
2.00

0.03
0.10
0.41

0.05
0.15
0.50

0.05
0.17
0.55

CRUDE MAMMARY TUMOR

No.rats
necropsied/
starting no.

29/39

26/39
15/18
15/19
18/20

31/39
12/20
16/20

32/40
12/18
16/20

31/39
17/20
14/18

No.with

2 (7)

1 (4)
1 (7)
1 (7)
2 (11)

0
0
0

2 (6)
0
2 (13)

3 (10)
1 (6)
4 (29)

INCIDENCE IN

Total no.
MTs

2

1
1
1
2

0
0
0

2
0
2

3
1
5

OVARIOHYSTERECTOMIZED

No.with
FA(%)

1 (3)

1 (4)
1 (7)
0
1 (6)

0
0
0

1 (3)
0
1 (6)

1 (3)
0
2 (14)

No.with
other
benign(%)

0

0
0
1 (7)
0

0
0
0

0
0
0

1 (3)
0
3 (21'

FEMALE SPRAGUE-DAWLEY RATS

(Experiment I

No.with
CA {%)

0

0
0
0
1 (6)

0
0
0

0
0
0

0
0

) 0

No.with
other
malig.(%)

1 (3)

0
0
0
0

0
0
0

1 (3)
0
1 (6)

1 (3)
1 (6)
0

Mean age
at death
(range)(mo)

29 (21-32)

26 (20-33)
25 (10-31)
25 (13-33)
20 ( 9-26)

18 (11-26)
17 (13-20)
16 ( 9-20)

23 (16-30)
22 (12-32)
23 (17-29)

25 (17-30)
28 (12-35)
25 ( 8-31)



TABLE A.12 CRUDE MAMMARY TUMOR INCIDENCE IN OVARIOHYSTERECTOMIZED ESTROGEN-TREATED FEMALE SPRAGUE-DAWLEY RATS

(Experiment I)

Type
of
irrad.

None

X rays

Neutrons
0.5 MeV

Neutrons
4.2 MeV

Neutrons
15 MeV

Dose
(Gy)

-

0.10
0.30
1.00
2.00

0.03
0.10
0.41

0.06
0.14
0.47

0.05
0.16
0.52

No.rats
necropsied/
starting no.

17/39

30/40
11/20
14/20
14/18

25/39
13/20
13/19

45/80
12/20
15/20

27/39
11/19
10/19

No.with
MT(%)

9 (53)

10 (33)
3 (27)
9 (64)
6 (43)

12 (48)
8 (62)
11 (85)

22 (49)
5 (42)
11 (73)

18 (67)
7 (64)
8 (80)

Total no.
MTs

14

15
3
14
8

20
10
15

29
6
17

23
8
11

No.with
FA(%)

0

0
2 (18)
6 («)!
6 (43)a

3 (12)
4 (31)?
8 (62)a

10 (22)
4 (33)a

8 (53)a

6 (22)
2 (18)
5 (50)a

No.with
other
benign(%)

1 (6)

0
1 (9)
1 (7)
0

3 (12)
0
0

3 (7)
0
4 (27)

0
1 (9)
2 (20)

No.with
CA {%)

8 (47)

10 (33)
0
4 (29)
1 (7)

11 (44)
6 (46)
4 (31)

11 (24)
1 (8)
3 (20)

14 (52)
4 (36)
3 (30)

No.with
other
malig.(3>)

0

0
0
0
0

0
0
1 (8)

0
0
0

0
0
0

Mean age
at death
(range)(mo)

17 (13-23)

17 (11-23)
17 (12-22)
17 (11-21)
14 (11-18)

16 ( 9-21)
15 (10-19)
14 (11-16)

17 ( 5-22)
16 (11-21)
15 (12-19)

16 (10-20)
16 (11-18)
14 (12-19)

a p <0.05 compared to corresponding control value.



TABLE A. 13 CRUDE MAMMARY TUMOR INCIDENCE IN INTACT FEMALE WAG/Rij RATS:

SINGLE DOSE AND FRACTIONATED IRRADIATION WITH AND WITHOUT ESTROGEN ADMINISTRATION

(Experiments II and III, pooled)

Type Total
of Dose
irrad. (Gy)

None

X rays 0.2
2.0
2.0
2.0
2.0
4.0

1.0
2.0
4.0

Neutrons 0.2
0.5 MeV 0.2

0.3
0.3

0.2

No.
Fx.

-

10
1
10
10
50
5

10
1
1

1
10
5
5
10

Fx.
inter-
val(d)

-

30
_
1
30
1
30

30
-
-

_
30
14
30

30

E2
admin.

no

no
no
no
no
no
no
yes
yes
yes

no
no
no
no

yes

No.rats
necrop./
starting
no.

141/144

59/60
97/100
60/60
58/58
57/58
38/40

58/60
53/60
19/20

98/99
58/60
38/40
39/40

58/60

No.
MT

29

22
56
29
31
34
26

25
34
17

71
38
22
26

33

with
{%)

(21)

(37)*
(58)*
(48)*
(53)*
(60)*
(68)a

(43)*
(64)*
(89)a

(72)*
(66)*
(58)a

(67)a

(57)*

Total
no.
MTs

31

24
85
47
53
48
55

37
70
51

112
59
36
36

63

No.with
FA(X)

14

10
47
20
18
21
18

4
15
5

51
27
18
12

18

(10)

(17),
(48)a

(33)*
(31)*
(37 ) a

(47)*
(7)
(28)a

(26)

(52)*
(47)a

(47)*
(31)*

(31)*

No.with
other
bengn(%)

3

1
6
1
3
1
4

2
1
0

9
7
2
1

1

(2)

(2)
(6)
(2)
(5)
(2)
(II)3

(3)
(3)

(9)*
(12)*
(5)
(3)

(2)

No.with 1
CA(SS)

14

11
18
13
21
17
10

20
23
16

28
17
11
14
26

(10)

(19)
(19).
(22)a

(36)*
(30)a

(26)a

(34)a

(43)a

(84)*

(29)a

(29)a

(29)a

(36)a

(45)a

with
other
ali

0

1
0
0
0
2
1

1
0
0

0
1
1
2

0

g. (%)

(2)

(4)
(3)

(2)

(2)
(3),
(5)*

Mean age
at death
(range)
(mo)

30 (11-42)

30 (12-39)
25 ( 9-36)
28 (10-39)
29 (17-39)
29 (16-38)
22 (10-30)

20 (11-35)
18 ( 9-29)
12 ( 9-14)

24 ( 9-35)
25 (12-35)
22 ( 6-29)
22 (11-31)

19 (10-27)

a p <0.05 compared to corresponding control value.



TABLE A.14

Experiment
no.

I
II
III

No.rats
necropsied/
starting no.

37/40

43/44

98/100

CRUDE MAMMARY TUMOR

No.with
MT (%)

10 (27)

8 (19)

21 (21)

Total no.
MTs

10

8

23

INCIDENCE

No.with
FA {%)

3 (8)

4 (9)

10 (10)

IN UNTREATED

No.with
other

benign {%)

0

1 (2)
2 (2)

FEMALE

No.
CA

7
3

11

WAG/Rij

with

i

(19)

(7)

(11)

RATS

No.with
other

nalig.(%)

0

0

0

Mean age
at death
(range)(mo)

28 (21-36)

27 (11-40)

32 (19-42)

Note: No significant differences among the groups (2-tailed exact Fisher test).



Legend to Appendix Figures A1 - A19:

Survival curves and cumulative incidence curves for fibroadenomas, carci-
nomas and all mammary tumors in intact female WAG/Rij, BN/BiRij and
Sprague-Dawley rats following irradiation with X rays, 0.5 MeV, 4.2 MeV or
15 MeV neutrons. Rats receiving subcutaneous implant of 2 mg estradiol-
17pare indicated as "+E2". Arrow indicates time of irradiation, and frac-
tionated irradiation is indicated as the number of fractions times the dose
(in Cy) per fraction, followed by the fraction interval (in days). Symbols
in survival curves represent time of death of autolyzed animals not
examined histopathologically.
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SAMENVATTING

Al jaren lang wordt veel medisch-biologisch onderzoek verricht

teneinde inzicht te krijgen in de pathogenese van borstkanker en de

behandeling en preventie ervan te verbeteren. Borstkanker is een groot

gezondheidsprobleem, want 9% van de vrouwen in de Westerse wereld krijgt

er vroeger of later mee te maken. Dit eist psychisch en lichamelijk een

enorme tol en kost vele mensenlevens.

De grote inspanningen, toewijding en deskundigheid van onderzoekers

hebben geresulteerd in een aanzienlijke vooruitgang wat betreft vroegtijdige

diagnose, behandeling en identificatie van risicofactoren. Veel meer moet

echter nog bekend worden om de overlevingskansen verder te doen

verbeteren en de voortdurende stijging in het voorkomen van borstkanker

te stuiten. Borstkanker opsporingsprogramma's, verbeterde klinische trials

en veranderende opvattingen bij chirurgische ingrepen dragen bijzonder

veel bij tot een betere behandeling van de patient. Veel antwoorden op de

fundamentele vragen betreffende het neoplastische proces zelf, moeten

echter uit het laboratorium komen. In dit opzicht is onderzoek verricht bij

dieren of dierlijke systemen onontbeerlijk om de basale mechanismen van

carcinogenese *.e doorgronden en om zowel tot een rationele aanpak van de

preventie te komen als tot een verdere verbeterde behandeling.

Dit proefschrift behandelt de stralings- en hormonaal-geinduceerde

mammacarcinogenese in de rat. De doelstellingen zijn: 1) de dosis-effect

relatie van röntgen- en neutronenstraling op mammacarcinogenese te

onderzoeken; 2) het effect van neutronenstraling van verschillende energie

op h°t ontstaan van mammacarcinoom te analyseren; 3) een mogelijk

synergisme tussen exogene oestrogenen en ioniserende straling te

bestuderen; 4) de effecten van gefractioneerde en lage dosis straling op de

mammacarcinogenese te beoordelen en 5) gedetailleerde morfologische

beschrijvingen van neoplastische en nonneoplastische lesies van de borst-

klier bij de rat te geven. Deze gegevens zijn van belang voor het vast-

stellen van de mogelijke gevaren van eenmalige of herhaalde blootstelling

aan lage doses straling, bijvoorbeeld afkomstig van diagnostische of

industriële bronnen. Daarbij kan de mogelijke invloed van veranderde
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hormonale status, b.v. door oraal gebruik van contraceptiva of substi-

tuerende oestrogeen therapie worden geëvalueerd. Het beschrijven van de

pathogenese van door bestraling en/of door hormonen geinduceerde mamma-

tumoren en het ontwikkelen van een classificatiesysteem dat de morfologische

kenmerken weergeeft van mammatumoren, kan het belang van dit

proefdiermodel in vergelijkende studies in een juist licht plaatsen.

De onderzoekingen beschreven in dit proefschrift werden verricht bij

vrouwelijke ratten van twee ingeteelde rattestammen, te weten de van de

Wistarrat afgeleide WAC/Rij stam en de Brown Norway BN/BiRij stam, en

een gedeeltelijk ingeteelde Sprague-Dawley stam. De herkomst van de

ratten, huisvestingsomstandigheden en enkele biologische pjrameters die

deze stammen kenmerken, worden in Hoofdstuk 2 aan de orde gesteld.

Reeds eerder werd aangetoond dat ioniserende straling borstkanker bij

vrouwen kan veroorzaken, er1 bestaat echter verschil van mening aangaande

de vorm van de dosis-effect curve, speciaal bij bestraling met lage doses.

In dit opzicht vormt onderzoek op het gebied van stralingscarcinogenese bij

dieren een waardevolle aanvulling van epidemiologisch onderzoek bij de

mens. Bovendien kan de invloed VÓM bijkomende factoren zoals hormonale

veranderingen, goed bestudeerd worden bij dieren. Onderzoek naar het

ontstaan van mammatumoren onder invloed van ioniserende straling wordt al

langer dan 30 jaar bij ratten verricht en enkele belangrijke uitkomsten op

dit gebied worden in Hoofdstuk 3 vermeld. De resultaten van de huidige

experimenten gevenx aan dat er aanzienlijke verschillen bestaan in de

gevoeligheid va.i de drie bestudeerde rattestammen voor de inductie van

mammatumoren door straling. Globaal sprekend in termen van de. relatieve

verhouding tussen benigne (d.w.z. fibroadenomen) en maligne (d.w.z.

carcinomen) tumoren, vertoonden WAC/Rij ratten de laagste ratio, BN/BiRij

de hoogste en Sprague-Dawley ratten een waarde daar tussenin. De aan de

"life table" statistiek ontleende cumulatieve tumor incidentie nam over het

algemeen toe als een functie van de dosis. Ook vertoonden de cumulatieve

tumor incidentie curves een verkorting van het tumorvrije interval als

functie van de toenemende stralingsdosis. Oestrogeen toediening

veroorzaakte een toeneming van het aantal carcinomen. De absolute waarden

varieerden wederom met de stam. De cumulatieve incidentiecurves toonden

een vroegere en steilere toename van mammatumoren bij de met oestrogeen

behandelde ratten dan bij de mei met oestrogeen behandelde ratten.

Verwijdering van de ovaria resulteerde in een aanzienlijke vermindering van
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het aantal door bestraling geïnduceerde tumoren. Het aantal tumoren in met

oestrogeen behandelde geovariohysterectomiseerde ratten verschilde niet van

dat in intacte met oestrogeen behandelde ratten. De tumorincidentie in

WAG/Rij ratten die blootgesteld werden aan gefractioneerde bestraling was

niet hoger dan bij ratten die eenmalig met dezelfde totale dosis bestraald

werden.

De relatieve biologische effectiviteit (RBE) van 0.5 MeV neutronen voor

mammacarcinoom inductie kon alleen berekend worden bij WAG/Rij ratten en

bleek 14 te bedragen; de RBE voor alle benigne mammatumoren varieerde

van 5 tot 25 in de drie stammen.

De normale macroscopische-, de microscopische anatomie en postnatale

ontwikkeling van de borstklier in de rat worden besproken in Hoofdstuk 4

en vormt de achtergrond waartegen de nonneoplastische en neoplastische

lesies worden beschouwd. De histopathologische kenmerken van de

mammatutTicren waargenomen bij ratten uit dit onderzoek worden beschreven

en de verschillen en overeenkomsten met mammatumoren voorkomend bij

andere diersoorten worden besproken. Een histologische classificatie wordt

voorgesteld die tegelijk eenvoudig is en toch uitgebreid genoeg om recht te

doen aan de verschillende histologische tumorpatronen die waargenomen

werden. Vijf histologische typen van benigne tumoren werden herkend en

omvatten het adenoom, papilloom, papillair cystadenoom, fibroadenoom en

fibroom. Maligne epitheliale tumoren konden onderverdeeld worden in vier

histologische typen: tubulopapillair-, compact-, cribriform-comedo- en

anaplastisch carcinoom. Maligne mesenchymale tumoren, tumoren die zowel

epitheliale als mesenchymale elementen vertoonden en maligne epitheliale

tumoren die binnen fibroadenomen ontstaan, werden ook waargenomen.

Tevens werden enige histologische kenmerken beschreven die aangetroffen

werden in bepaalde mammacarcinomen zoals plaveisel of talgachtige metaplasie

en infiltratie van tumor stroma door mestcellen.

Metastasen van maligne mammatumoren werden aangetoond in een klein

aantal ratten. De meeste maligne tumoren beperkten zich echter tot het

gebied van de borstklier. Daarom werd bij het classificeren van de

mammacarcinoom gepoogd om potentiële verschillen in biologisch gedrag aan

te geven door de aan- of afwezigheid van infiltratie in de omliggende

weefsels vast te stellen. Deze extra histologische parameter, d.w.z.

infiltratieve groei, karakteriseert zulke tumoren beter voor vergelijkende
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studies en maakt het mogelijk om stam- of behandelings-afhankelijke factoren

op het tumor-groeipatroon te evalueren.

Gebruikmakend van de voorgestelde classificatie, werd in Hoofdstuk 5

onderzocht of er stamgebonden of behandelingsgebonden (d.w.z. bestraling

en/of oestrogeen toediening) verschillen bestonden in de zin van relatieve

frequentie van de verschillende typen mammatumoren. Er werd b.v. gevon-

den dat het fibroadenoom de meest algemene benicne tumor was in de drie

stammen en het niet infiltrerende tubulopapi'iaire carcinoom de meest

frequente maligne tumor in 2 van de 3 stammen. Behandeling met oestrogeen

rebulteerde in een toename van de frequentie van cribriform-comedocarci-

noom in de 3 stammen. Hoewel het absolute aantal gevallen van metastase-

ring gering is, leek het laatstgenoemde histologische type nog het meest met

metastasering geassocieerd te zijn. Tevens bleek dat een infiltratief groei-

patroon van de primaire tumor goed correleerde met het vermogen tot meta-

stasering.

De topografische verdeling van fibroadenomen en carcinomen werd ook

onderzocht; de eerste bleek gelijkelijk verdeeld over alle mammaquadranten

(groepen van 3 craniale of caudale klieren aan elke kant), terwijl de laatste

iets vaker bleek voor te komen in de caudale quadranten. Geconcludeerd

werd dat straling niet resulteerde in de ontwikkeling van een specifiek

tumor type of typen en dat de interactie van een grx>t aantal factoren

uiteindelijk resulteert in de morfologische expressie van de tumor.

Het hypofyse hormoon prolactine blijkt een belangrijke rol te spelen in

de mammacarcinogenese in knaagdieren en de meeste spontane, of door oestro-

geen geïnduceerde hypofyse tumoren in de rat bestaan uit prolactine secer-

nerende mammatrofe cellen. Spontane hypofyse tumoren werden in een hoge

frequentie (à 80%) gevonden in onbehandelde ratten in 2 van de 3 stammen

(n. l . WAG/Rij en Sprague-Dawley). In Hoofdstuk 6 wordt het effect van

bestraling met en zonder toediening van oestrogeen op het ontstaan van

hypofyse tumoren geëvalueerd, met gebruikmaking van de "life table"

methode. Zonder deze correctie voor levensduur verkorting t .g .v . de

behandeling benaderen de hypofyse tumor incidenties in bestraalde en/of

met hormoon behandelde ratten zelden de hoge incidenties van de niet

bestraalde controle ratten. De met de "life table" techniek berekende

cumulatieve hypofyse tumor incidenties tonen bij sommige bestraalde

groepen, m.n. degene die tevens oestrogeen toegediend kregen, een aan de

stralingsdosis gerelateerde eerder optreden van deze tumoren.
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De basale prolactinespiegels werden gedurende een periode van 2 jaar

gevolgd en bleken niet per stam te verschillen. In andere studies bleek dat

WAG/Rij er. Sprague-Dawley ratten na oestrogeen tcadiening een duidelijke

toename van de prolactinespiegel vertoonden, terwijl BN/BiRij ratten slechts

een geringe toename toonden. Verhoogde plasma prolactinespiegels toonden

een correlatie met de aanwezigheid van hypofyse tumoren. Er werd getracht

na te gaan of het ontstaan van mammatumoren gecorreleerd kon worden met

de aanwezigheid van een hypofyse tumor (en indirect met een gestegen

plasma prolactinospiegel}- Het bleek dat uitgaande van het beschikbare

materiaal geen betrouwbaar antwoord op de gestelde vraag gegeven kon

worden. Hiervoor zijn longitudinale studies noodzakelijk die hormonale

bepalingen koppelen aan bestudering van de morfologie van hypofyse en

"target" organen (b.v . de borstklier).

Facente onderzoekingen hebben waarschijnlijk gemaakt dat bepaalde

oestrogène stoffen, waaronder orale contraceptiva, betrokken zijn bij het

ontstaan van verschillende afwijkingen in de lever bij de vrouw. In

Hoofdstuk 6 wordt de mogelijke roi van oestradiol 17-ß ailéén, of in

combinatie met bestraling, bestudeerd op het mogelijk ontstaan van

leverafwijkingen in de rat. Verschillende hepatoproliferatieve en andere

leverafwijkingen werden beschreven en geanalyseerd. Op grond van een

beperkte analyse kan gesteld worden dat oestrogeen alléén, geen invloed

uitoefende op de ontwikkeling van leverafwijkingen in de rat. Anderzijds

waren er aanwijzingen dat de hoogste stralingsdoses de incidentie van

verschillende lesies, te weten foci en areas van cellulaire verandering en

galgangcysten, deed toenemen. Bovendien bleek dat in de WAG/Rij rat, de

stam met de hoogste frequentie van spontane leverafwijkingen, nodulaire

(regeneratieve) hyperplasie, galgangproliferatie en spongiosis hepatis meer

voorkwam in bestraalde ratten dan in onbestraalde ratten.

Na een korte oriënterende discussie waarbij verschillende aspecten van

de in dit proefschrift behandelde mammacarcinogenese in de rat beschouwd

worden in het licht van elders verricht onderzoek bij de rat, wordt in

Hoofdstuk 7 een overzicht gegeven van de criteria waaraan een goed

proefdiermodel moet voldoen. Verschillende proefdiermodellen die in het

algemeen bij borstkankeronderzoek gebruikt worden (n . l . rat, muis, hond

en kat) worden beschreven, evenals enige minder gebruikte modellen (n . l .

nonhumane primaat, konijn, cavia, hamster en Mastomys). Een aantal

karakteristieke aspecten van mammatumoren in elk van die diersoorten wordt
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besproken en een poging werd ondernomen om aan te geven in welke
gebieden van borstkankeronderzoek elk van deze beschreven soorten het
best gebruikt kan worden en op welke gebieden in de toekomst belangrijke
ontwikkelingen verwacht kunnen worden.
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