
原著

EXPERIMENTAL STUDIES ON THE HISTOGENESIS 

OF MAMMARY TUMORS AND SEXUAL HORMONES 

by 

TETSUYA KosHI 

From the 2nd Surgical Division, Kyoto University Medical School 
(Director: Prof. Dr. YA~L 九1,SA Ar1・;A日1)
R巴ceiYeufor publication Dec. 20, 1957 

CONTENTS 

I. Introduction 
TI. Materials and methods 
!. Animals 
2. Experimental procedure 
3. Technical procedure 
目. Normal development of the mammary gland in female mice 
!. Observations 
2. Discussion 
N-Pathologic changes of the mammary gland in female mice 
!. Patholc国calhistology and classification of mastopathy-like・changes in mice 
2. Histology and classification of mammary tumors in mice 
V. Influence of nursing disturbances on the mammary gland in mice 
!. Experimental results 
2. Discussion 
1卜 Effectof estrogen on the mammary gland in mice 
!. Experimental results 
2. Discussion 
VII. Effect of androgen on the mammary gland in mice 
!. Experimental results 
2. Discussion 
Supplement. Incidence of tumors in other tissues 
V目.Summary and cっnclusions
References 
Explanation of plates 

I. INTRODCCTION 

323 

Recently, tht: number of patients with neoplastic diseases of the breast, especially, 

mastopathy (chronic c~·stic mastitis) have markedly increased in this country. 

Statistically, the death ra旬 ofmammary cancer in Japan has increased in recent 

years, but it still remained low compared with other counir:E:~：－SEGl (1950). It 

seems probably that these di百erencesin the incidence of mammary cancer in di百e-

rent populations depend especially upon the n:procluctivc historiιs in each race. 

Investigating thoroughly the condition of life of the recent patients with 
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mamr翌arytumor especially mastopathy in our country Prof. Dr. AoYAGI has noticed 
clinically that those who are widows or have undergone spontaneous or artificial 
abortion, contraception and abnormal nursing showed a higher percentage than those 

who have led normal sexual life. MASUDA and others of our laboratory have recently 
measured the amount of estrogens and 17-ketosteroids in these patient’s urine, and 
indicated the existence of sexhormonal imbalance due to relative hypoandrogenismus. 

From the results of the statistical and clinical investigations with regard to the 
striking increase of the neoplastic disease of the breast in Japan, it is very interes・
ting to consider that the reproductive histories of the Japanese women in recent 

years have become 加 resemblethose of the westerners. 

In 1946 KoGuRE has reported the relationship between mastopathy-like-changes 

and repeated abnormal nursing in mice. Recently, experimental investigations on 
neoplastic disease of the mammary gland in mice have progressed remarkably. 
According to the present concept the development of mammary cancer in mice is 

dependent upon 3 main factors : the genetic constitution of the animal, the hormonal 

stimulation to which the mammae are subjected, and the presence of a virus-like 
agent transferred to the offspring through the milk of the nursing female. It seems 
that the development of the precancerous hyperplasia of the mammary gland in 

mice must be also dependent upon these 3 main factors. This hypothesis was 
ascertained by the detailed experiments of BITTNER (1946). However, the virus 
in mammary tumors on many inbred and h~·brid mice has not been recogniz吋．
Moreover, the pathogenesis of mammary cancer in human being is yet unknown 
and no virus-like agent has been recognized. 

These studies are, then, an attempt to bring into closer association the problems 
connected with mammary tumors in human being and in the hybrid mouse. In 
particular, they are concerned with the comparison between the morphologic structure 

of supposedly precancerous lesions in the mouse and in man and with the possibi-
lities of comparable endocrine disturbances underlying each. From this point of 
view, a relationship between the neoplastic disearn of the breast and both the influ-

ences of nursing failure and the hormonal stimulation is observed in mice. 

II. :VIA TERIALS AND :.VIETH ODS 

1. Animals 

All the mice used were females of the hybrids from Gifu in Japan. Inbred 
mice were not used because of the difficulty in procuring large numbers at the same 
time in this country. On the other hand, no milk-agent has been recognized both 

in human being and in the h;;brid mouse, therefore it was thought that the similar 

results in clinical observations might be accounted for by the statistics of this hybrid 

mice. For food rice, vegetable, fish meal, co<l liver oil and salt were given. All the 

mice were treated under same condition. 

2. Experimental procedure 

.The groups of mice used in this study may be summarized as follows: Lacta-

tion groups (269 cases). 
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1) Interrupted breeding group (160 cases). 

2) Kon-breeding group (21 cases). 

3) Normal breeding group (88 cases). 

Virgin female group (110 cases). 

Harmon groups (102 cases). 

1) Estrogen group (62 cases). 

2) Androgen group (40 cases). 

For the experiments on lactation the method descriced b~’ KoGURE (1946) was 

emplo~·巴d.

The ~·oung female mice were nur~ed with the ~·oung male mice, and when the 
females became pregnant, the>・ were delivered in the isolated pens. Thirty days 

after par旬rition,the females were again returned to the breeding pens. All the 

experimental mice with repeated pregnancies were divided into three groups. Each 

group ＂’as treated with a different way of nursing. In one (l group), the females 
were permitted to nurse their progeny for approximately 5 days after which their 

progeny removed: in another (II group), the females were not permitted to nur回

and their progeny were removed immediate！~’ after birth as soon as they were dis-
covered, which was usuall~・ within a few hours: in the third (III group), the females 

were permitted to nurse their progeny for 30 days after which they were return剖
to the breeding pen. ::¥forεover, the animals of the third group were divided into 

2 groups, those which had from 6 to 13 lit旬rsand those having within 5 litters. 

The hormon group consisted of estrogen group and androgen group. The 

hormones, estradiol pellet and testosterone propionate pellet, were administered to 

the females of a 30 days old. In the estrogen group the females received insertions 

of 1 25mg of estradiol pellet ever:< 50 days for 3 times. In the androgen group the 

females received insertions of 6 25mg every 50 da~・s for 3 times. 
In order to obtain the highest changes in the mammary gland, the mice were 

killed at the last moment of their natural death varying from 90 to 7 45 days. 

3. Technical procedure 

There are usually 5 pairs of glands in the mouse, arranged sJ・mmetricallyalong 

the ventral and lateral surfac£s of the bodγ. Three in the thoracic and 2 in the 

abdomino-inguinal rεgion. During lactation, the whole subcutaneous area from 

behind the ears to the ba:oe of the tail, except for a small strip in the midline of 

the back and abdomen, ma>・ be cover~＇.1 bv milk engorged mammar>・ tissue, and they 
are found most frequentlJ・ in areas where the bulk of the mammary tissue is greab:;st. 

The mammary gland in mice was studied histologically by means of both the 
¥¥'hole mount and section tcchnics. The whole mounts of the mammary glands were 
prepared according to the method described by Cowrn & I匂LLEY(194 7) and FLUX (1949). 

The skins was slit up the dorsum and carefull~・ l℃mo,·ccl so that the mamm~ry 

glands left intact and adherent to the removed skin. The skins were pinned fl.at 

on wooden boards with minimum stretching and fixed in Bourn’s fluid for 24 hours, 
washed in running water for 24 hours stained in l¥IAYER's haemalum for 24 hours and 

decolorized in 80 % acid alcohol. When the skins were sufficientlj・clear,they were 



326 日本外科宝函第27巻第2号

placed over a light in a Petri dish containing 70% alcohol, the nipples l"vere lo'.:ated, 

and the skin was peeled off in small strips from the part of tte tela subcutarca 

supporting the mammar:v glands. The skins were returned to the stain for a further 

24 hours, decolorized in acid alcohol and blued in tap water. Individual glands were 

dissected out with fine pointed forceps, dehydrated in absolute alcohol ard mounted 
in Canada balsam from X¥'lol. After staining, all the glands "ere inspected, and 
the interesting histological changes were taken in microphotographs, then they were 

embedded in paraffin, sectioned at 5 micra. 

The whole mounts appear to us almost essential. The mouse mammary gland 

is spreads out over a wide area but lies almost in a single plane. Microscopic 

sections cutting across this plane show only a few ducts and give a poor conception 

of the gland as a whole. 

I.IL .NORMAL DEVELOP:.¥IENT OF THE l¥IA:UMARY GLAND 

IN FEMALE :.VIICE 

・ . ., 1. Observations 

1) Normal development 

The mammary glands at birth consist of only a few duds which are straight 
u'ribranched extensions. The mammary ducts of a 15-day-old mouse showed prominent 

end buds which stained deeply with haemalum (Fig. 3). From birth until the 

approach of puberty, the rudiments of the mammary glands of female mice continue 
to grow slowly. The ducts of a 50-day-old mouse grow peripherally from enlarged 

proliferating end buds, and new branches develop from buds forming along the walls 
of the existing ducts. The development progresses steadily up to the age of 50 days. 

Between the ages of 42 and 56 days female mice reach sexual maturity. At the 

time of the first ovulation an acceleration of growth occurs and the ducts develop 
many side branches. About 90・day-old,the development of the mammary glands 

is completed (Fig. 4). Since then, the glands change very little other than the 

slight cyclic hypertrophy of the ducts with each estrus or early post-estrus period. 

Microscopically only a few ducts are shown . in the adipose tissue (Fig. 5). The 

large ducts are lined with two or more layers of cuboidal epithelial cells, whereas, 

the small ducts and the end buds are lined with imcomplete two layers of epithelial 

cells. The imcomplete two layers consist of a lining of cuboidal epithelial cells and 

the extensor layer of the socalled "Myoepithelialen”epithelial cells which are less 
than the numbers of the lining cells. (Figs. 27 and 32). The epithelial cells of the 

small ducts are somewhat taller than those in the large ducts. 

The normal mammary glands have scarecely anv fibrous tissue日， whichis an 
important point in diagnosis of the pathologic changes of the mammary glands 
(Figs. 6, 7 and 8). 

2) Pregnancy 

The young mice are born on the 21st cla~’ of gestation. At the 7th day of 
pregnanc~’ the ducts increase in length and mam・ side branches are formed (Figs. 

9, 10 and 11). During this period many encl buds are present at the distal ends 
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of the ducts. B? further deyc]opment all the end buds and the terminal twigs 

dilate and unfold into alveoli. At the 20th <la:,・ of pregnanc~・ the glandular system 

is well developed (Figs. 12, 13 and 14). Onl：.’at the distal ends a¥¥'a:,・ from the 

nipple are the ducts still growing. Further dn・clopment consists of h~·pertroph:.· 

and enlargement of the lumens. The ducts rnd in terminal alveoli which at this 

stage begin ・to show secretory activi行. Name］ ~· . the developing glandular sγstem 

occupies more and more space and the adipose tissue is rapidlJ・diminishing.

3) Lactation 

The first few da；γs after parturition all the mammary glands are in full func-

tion. .:¥Iicroscopical sections show that the ducts are dilated and filled with milk 

(Figs. 15 and 16). The glandular parenchyma is in excess and the adipose cells 

onl~· 剖l in the space left IJ>・ it. The number of mitotic figures is definitely noti-

ceable at the 4th to 5th da:yγafter parturition and reaches its peak at about 12th 

cla>・・ The whole mount preparation in this stage stained entire¥>・ decpl＞’ with hae-

malum. Since then, these glands will undergo a certain degree of regression. 

4）・ Regressionafter lactation 

Following weaning, resorption of the sec1℃tion and collapse of the alvEOli occur 

(Figs. 17, 18, 19, 20, 21, 22 and 23). Regression is a ren~rsccl process of the changes 

that take place during pregnanc>・・ :¥Iicroscopic sections show that 24 hours after 

ablactation the alveoli and the ducts become distended bγthe accumulation of the 

milk, which gradual］~· diminisf:es arnl most of the al¥'eoli and the terminal ducts 

be~in. to collapse. The~・ lose their alvεolar structure ancl form irregular groups of 

epithelial cells which are surrounded by the parenchyma with fibrous connective 

tissue. The amount of the adipose tissue increases proportionately with the regres-

sion of these parench~·ma. Regression is usual!~’ complete atout 14 to 30 days after 

nursing stops. There are no alveoli. The glands can be no＇γconsidered a“resting'・ 
gland. The process of regression is not verγuniform. Considerable variation exists 

between the glands of the same animal, depending on whether the nipple was 

suckled or not up to the time of weaning. 

2. Discussion 

The normal development of the mamman・ glands of the mice has been exten-

sively discussed b~· TURNER & GoMEZ (1933), I恒KETE (1938)' GARDNER & STROJ"G 

(1935), DALTON (1945) and Fi.ux (1954). FEKETE described that tl~c development 

progresses steadil~’ up to the ages of 6 weeks. His account 叩 1・cc日ingeneral with 

that of the several author’s. In our ol;scrvations, the changes occurecl in the mice 

corresponded to tho~e of the other workers. Namely, at the age of 50 daバ， the

duct system began to grow rapid！γand the mammar.＇’duct日＼＼’erecomplete〔labout 

the age of 90 days. 

GARDNER & STRONG (1935) ga¥'c an excellent account of the changes in the 

mammaiγgland of the mice during the estrus c~℃le. “During estrus and early 

postcstrns, the mamrnar.'・ ducts ＂で resliεhtl>・ distended” This obsenation verified 

those of other in ¥'cstiga t rn、部 WrnsER(1934) and Fwx (1954). 

During the period of regression the duct 町stemof the breast in human being 
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is lined with two layers of cells, and in the period of pregnancy ma町’ roundelo回

ngations protrude from the walls and the ends of the ducts. By further develor,ト

men.t all the buds unfold into alveoli which are lined with a single lajアerof cells. 

According！~· . FunsuE (1955) stated that the human glandular system during regres-
sion is consisted of socalled“lobulus tubulosus or lobulus nonlactans，，、.vhichare fine 
ducts of double-layer cells grouped together唱. In the other hand, the glandular sys 

tern during pregnancy and lactation is consisted of socalled‘‘lobulus alveolaris or 
lobulus lactans”which are alveoli of single-layer cells grouped together. APOLANT 

(1906) stated that the smaller ducts and end buds of the mammary glands in mice 

were lined only with a single layer of cells. WIESER (1934) observed that the peri-
pheral part of the ducts of the mammary gland in mature mice are consisted of two 
imperfect layers of cells. Our observations corresponded with the 羽TrnsER’sreport. 
These findings presented some important suggestion on the analysis of the his-

tological change..q in neoplastic diseases of the breast; as the precancerous changes of 

the mammary glands in mice appeared usually in the peripheral parts of the ducts. 
It should be emphasized also that the early changes which lead eventually to the 
development of spontaneous carcinoma in mice a百ectessentially the peripheral 

portion of the mammary gland. 

The normal mammary glands in mice have no lobulus during regression. 
TAMAGAWA (1927) and N1sHIGAKI (1952) have observed that during the earlier 

stage of pregnanc~・ the lobulus is consisted of fine ducts and during latter stage of 
pregnancy or lactation the lobulus is consisted of alveoli. In the present study we 
have included both the fine ducts and the alveoli in description of the lobulus. 

TAMAGAWA (1927)' HIRATA (1928)' FEKETE (1938) and NISHIGAKI (1952) have 
reported on the mammary glands during the period of regression. The disappearance 
of the lobuli; retention of the fibrous connective tissue surrounding the parenchyma 

are in common, but the characteristic point in mice is that the increased con-
nective tissue soon vanish and the adipose tissue appear to take its place. The 
greater part of the normal mammary tissue of most of the animals was either 
undergoing regression or remaining inactive. Sometimes, incomplete regression and 
persistence of secretory cells were observed. The gross structure of the normal 
glandular tissue of mice varied greatly, although each individual presented structually 
uniform glands. The variations observed were chiefly in the extent of regression. 

GARDNER (1939) have classified the glands into 5 groups on the basis of its degree 
of involution (Figs. 17, 18, 19, 20, 21, 22 and 23). 

FunsuE (1956) described the changes in the duct system of the mammary 
glands of female mice as the result of the effect of the estrogens. He concluded 
that the histological source and precancerous origin of mastopath~’ and the precan-
cerous lesion may be considered to be in the duct II and duct III spheres. Our 

observations on the classification of the ductual system in mice agree in general 

with that of FunsuE’s. The epithelia of the duct II and the duct III have the same 
histological structure. It is probable that the same changes ma.）’ occur during pre-

gnancy (Fig. 1). 
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(a) ( b) 

(c) (d) 

Fig・. 1. Diagram of a development of the mammary ducts in mice. The dark ducts mark 
the position of the duct n and duct m. 

a) Mammary duct of a 30 days old female mou~e. bl Mammary duct of a 90 days old 
female mouse. c) Mammary duct on the 20th day of pregnancy. d) Mammary duct on 
a regression stage after lactation. 

IV. PATHOLOGIC CHANGES OF THE ::¥LDDIλRY GLA:¥D IN :¥lICE 

1. Pathological histology and classification of ma日topathy-like-changesin mice 

The correlation of mammary gland structure with the occurrence of malignant 

growth had been clarified early in the study of mammary cancer in mice. The 

precancerous nature of localized areas was established by demonstrating transitional 

stages between them and frank cancer. The localized areas are also encountered in 

the mammary gland of mice that developed mammai ~’ cancer following prolonged 

treatment with estrogens. The relationship of these localized areas to mammary 

carcinogenesis was also emphasized by HAALAND (1911), GARDNER (1935), FEirnTE 

(1936), TAYLOR (1940), HusEBY & BITTNER (1946) and generally accepted. From 

the work of GrnsoN (1930），羽TrnsER(1934)' BURROW (1936)' :¥I Ac DONALD (1936)' 

BONSER (1936), LAcAssAGNE (1936), TAYLOR (1940), KoGURE (1946) and Fu1rsuE (1954) 

these localized areas in mice ¥¥"Cl℃ named“zones of chronic c~·slic mastitis, oestrogenic 
mastopathy or mastopathy-like-changcs" Lccamc of tl1c morphologic similarity to 

some of the forms of human mastopathy. 

Mastopathy in the human bein店日howsa complicated histological picture. The-

refore, neoplastic, inflammatory and I℃仰が日ionメ theorieshave been giwn to this 

disease. The normal mammary tissues are composed of groups of ducts and cellular 
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connective tissue. The pathologic structures of mastopathy, after all, can be sum-
marized as the changes of both of these ducts and the connective tissue. The 

mammary gland may present regression of the mammary tissue, and at the same 

time there ma~－ also be present duct dilatation and h~·perplasia of the epithelium 
and fibrosis and also the occurrence of“eosinophilic epithelium cyst”and round cell 
infiltration of the connective tissue. 

Actually, these analogous histological changes of mastopathy in the human 

being may almost be recognized in the mouse with the exception of the changes 

of“cliff use fibromatosis”or“eosinophilic epithelium c~·stぺ
These changes of the mammar~· glands in mice were divided into 3 types on 

abnormal lesion by HusEBY & BITTNER (1946) and also it were divided into 3 types 

on mastopathy-like-changes in mice bγFunsuE (1954) . 

After comparable and considerable studyγon the whole mount preparations and 

the microscopic sections it seemed preferable to classify the lesions present in the 

material supplementing the classification of the HusEBY and BITTNERS report under 
four principal groups. 

I (1). Areas composed primaril~’ of hyperplastic fine ducts in otherwise resting 
glands. 

I (2). Areas composed of dilated fine ducts of the above. 
IL Areas composed of extensive proliferation of relative fine ducts. 

III. Areas composed of a few hyperplastic ducts surrounded by considerable 
inftammator~· tissue reactions. 
IV. Areas composed of cystic alveoli and dilated ducts surrounded by connective 
fibrous tissues. 

Type I (1). The first type of glandular abnormity composed of the hyperplastic 

fine ducts from duct III and duct II. In whole mount preparation, nodules of denser 
epithelial tissues are present at random in otherwise resting glands (Figs. 24 and 
25). The nodules are composed of diffuse overgrowth of fine ducts. These over-

growth mainl~· arose from a single area rather along the side of the duct III than 
the duct IL The histogenesis of these nodules showed that they must be reffer凶
to the hyperplastic epithelial cells of mainly the duct III, and according to more 

classical histological nomenclature probably correspond to the intralobular ducts 

(better called “ductules”as DA wsoN points out in mastopathy). 
In microscopic sections these h.¥・perplastic areas also showed proliferation of 
abnormal fine ducts (Figs. 26 and 27). The primary alteration in such a lesion 
was hyperplastic areas, with but slight to moderate increase of the supporting con-

nective tissue and no appreciable evidence of inflammatory reaction. Many mitotic 
白guresappeared among the hyperchromatic epithelial cells of these growths (Figs. 
28 and 29). 

These lesions were the most frequent of these 4 lesions, and from this numerical 
standpoint these lesions ha,・e been previous!>・ referred to an important precursor of 

mammary cancc1、inmice byλPOLANT, HAALAND, GIBSON, GARDNER, FEJ<ETE, TAYLOR, 
KoGURE, HusEBY and FuJisuE. However, the areas were not always subjected to 
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precancerous changes except for the localized small part in these areas, the major 

parts of the hyperplastic areas transformed reversi l>l~· into a de同neratedstate with 

the ph~＇siological mammnrァinvolutionin advanced ag-c :::¥ c¥・ertheless, a fc¥¥" small 

h~＇perplastic parts were not rarely encounterecl in these involuted areas. It seemed 

that such a hyperplastic area was indeed a source of malignant transformation of 

mastopathy like lesions in mice. 

The areas of this t~·pe in mice bear a close resemblance to some histological 

findings which are named '' Adenosis”“Ty1〕C II in mastopathy C¥IAsuDA）” and 

“Mastopathia simplex (TAKEDA）” in human mastopath~－. 

Type I (2). Areas composed of dilated白ieducts and their overgrowth become 

to form large nodules, name！~· the fine ducts of the Ist type (1) are often somewhat 

distended with inspissated secretion, their epithelium frequently exhibits appreciable 

mitotic activity, and the surrounding la~官 of collageneous connecti¥'c tissue is 

somewhat thicker than is normally seen (Figs. 30, 31 and 32). Differentiation 

between large ducts (Type II) and the dilated fine ducts (Type I (2)) seems almost 
impossible without the aid of these whole mount preparation. 

The areas of this t~’pe in mice, as well as the areas of Ty1;e II, bear a close r田em-

blance to some histological findings which are named “cystic ductal type，，“cystic 
diseases (NATHANSON)" and “Type III in mastopathy ¥:.¥'IAsuDA）” in human mastopathy. 

Type II. The second type of glandular abnormit:-・ encountered is one of the 

ductular prolif era ti on described preYiously b＞・GARDNER(1942). Howenr, this change 

occurred infrequently. It consists of multicresentric areas in which the extensive, 

proliferative mammary ducts (duct II and duct III) radiates from a relative small 

locus, so that the lesion simulates a man~’ pointed star of which the radii, through 

often branched, are smooth as neither intralobular ducts nor alveoli develop along 

them. Although the changes occur much less frequently than the Ist type, some 

precancerous parts are also found in the center of such areas. (Fi江s.33 and 34) . 

The areas of this type in mice as ¥Yell as the type I (2) , bear a close resem-

blance to some histological findings ＂七ichare named“cystic disease” in human 
mastopathy (Fig. 35). 

Type III. The third type of lesion appears to be in司ammator>・in nature, for 

in extensive lymphoc:-・tic infiltration there are less pronounced ductual h~ァperplasia

than in the typical ductual nodules. The extent of the reaction varies widely from 
nodule to nodule; in some the glandular elements may slightly predominate whereas 

in others they are seen only with di伍cultyin whole mount preparations (Figs. 36 

and 37). However, foci of lγmphocytic infiltration without glandular hyperplasia 

are not to be included with this h’pe of lesion. Though it has been described b＞’ 
HusEBY & BITTNER (1946) that these lesions consist of glandular to squamous-type 

epithelium, often with a good deal of desquarnation or keratinizecl material into 

distended alveolar lumina, in our material such change occurs infrequently. 

We haye felt that this t>・pe of nodules doeお notpredispose to the spontaneous 

cancer of mice. It seems that the occurrence of this lesion :-;u山 c:::.t.sa genesis of 

the inflammatory nature in m郎防pathy,that was pre＼’iuusly called“chronic cy品tic
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mastitis (KONIG）” 

T~·pe IV. The areas of the fourth type of these lesions are composed of cystic 

alveoli and the dilated ducts are surrounded bγthe connective白broustissues. In 

the whole mount preparation an increase of the白broustissue is observable immedia-

tel：－’beneath the dilated ducts (Fig. 38). Histological examination shows the ducts 

dilated to cystic proportions and filled with a little secretion. The lining cells are 

usually flattened and overlie a zone of connecti¥・e tissue infiltrated ＂’ith lymphocytes. 
Finally, the fibrous tissues increase comparativelj・mthe mammary tissue (Fig. 39). 
明TrnsER(1934) described that these白brosisa1】l〕earedin old mice and these 

changes bear a close resemblance to that of‘‘F司ibroa【lenomaii】traet pericanaliculare' 
in the human being. The normal mamman・glandsin mice consist little of白brous 

tissue. Therefore, it seems reasonable to classif~， the fibrosis of the mammary 

glands in mice as mastopath.¥・-like-changes. In fact, definite proliferation of connective 

tissues had appeared alwa~・s about the ducts in a few mice, and it may probably 

be explained on the basis of a reaction to chronic inflammation. The histologic 

picture of the common h’pe of human mastopathy in which connective tissue proli-
feration leads to diffuse adenofibrosis was not reproduced by this means. 

The areas of this t:-・pe in mice bear a close resemblance to some histological 

findings which are named “Type IV in mastopathy (MASUDA）” and “cyst without 
epithelial hyperplasia (NATHANSON）” in the human being. We felt that these lesions 

do not predispose句 thespontaneous cancer of mice. 

“Apocrine metaplasia”comparable to that so frequently encountered in the 

human mastopathy was never ob~erved in these mice. TAYLOR (1940) described 

that on account of basic anatomic di仔erencesbetween the human and the mouse 

mammar~· glands, it cannot be expected that morphologically identical lesions should 

occur. WrnsER (1934) stated that the mouse mammary glands had anatomically 
no sweat gland epithelium. 

Thus mastopathy-like-changes in mice are class出edinto four types. However, 

different mammary glands in the same animal are of di百erentmorphological types, 

and different areas of the same mammary gland occasionally vary in di汀erenttyp邸・

2. Histolog＞’ and classification of mamman-tumors in mice 

The mammar.＇’ tumors grow pro宮rcssivel：－’ andmay reach enormous size; often 
additional tumors appear at other抗日ites. The first to classify mammary tumors 

in mice was APOLANT (1906) and HAALAND (1911)' CLOUDMANN (1941)' AKAMATZU 

(1956) and others have made similar e町orts. BoRREL (1903) stated that the type 

of the mouse tumor was always the same and nearl:i・alwaysmade up of a fine 

tubular structure, or coarse cylinders, or true epithelial buds in a loose connective 

tissue.λKAMATZU has classi白edthe mouse tumor日intofour groups viz. ductal type, 

acinar type, the metaplastic type which is the result of metaplasis of the above two, 

and lastly sarcoma. Namel~＂ the tumors arising from the ductal epithelium are 
separated in the classification from those arising from the R.ci11ar cells. However, 

it would be difllcult to attcm1〕tto cla出il・3’hi日1υlogicallywhether these mammar~’ 

tumors are originated from duct, or gland epithelium. DuNN has also stated that 
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Two hundred and日ixt>・ nine females a問 dividedinto 3 different nursing groups 

comprising 160, 21 and 88 animals, respectivel>・・ 
The details of the data obtained from these experiments are summarized in 

Table 1 and illustrated in Fig. 2. The most variable gland in the same animal 

is indicated in the bble for the histological changes of the mouse. On account of 

the existence of mammary cancer and mastopathy-like-changes in the same animal 

they a四 includedas mammary cancer in the table. The numbers and the percen-

tages of the mice p陀 gnatedmore than twice are given on the right side of the table. 

The percentages of mastopathy-like-changes and mammary cancer in the first 

Table 1. Incidence of mastopathy-like-ehanges and mammary cancer in interrupted 

Group I 
(NuTJ?-ber I 
of mice) I 

Jst 
group 
(160) 

breeding 「Ji,non-breeding：「ITland normal breeding (][) female mice. 
Histゅlび~ical ~て I I Numbers and 
appear:nces of / ~mber of parturition / I percentages of出e

｜一一ァーで一－－－－，－一一l一一τ一一ーァー－－，一一iTo~al I" 時

the mamm町 y I l 2 I 3 I 4 I 5 I 6 I 7 I 8 i , I mice pregnaぬd
gland I 1 L I I I ! I I。I I more than twice 

三 113I 9 I 9 I 9 I 8 I I I I I I 50 I 37 I 
一一一「 ｜ lて1ーで下ーア「－I I 「一｜ (33.6%) 

I I I I : 3 I 3 I 1 I I I 1 I 11 I 10 I 

Type I ( l) I I I 1 I 6 3 3 2 16 15 
Type I (2) I ! 1 I 2 1 4 4 

Mastopathy-I Type IT I 
like chane:esl 品 5~u1 Type Ill 

Type N 

3 3 1 7 7 

1 41 (29.3°;) 
2 2 11 7 4 

I….. IT 5 5 
I ・ IT ・皿 3 2 

町 ancer--1寸~， －？＿竺 13 / 1= I~ I＿~ 52( .I 
一一一 一 ｜こしパ lス；II I 9 I s 
｜一三一｜」」三IJ二J」」二L斗ニ

6 
(40.0%) 

llnd 
group 
(21) 

Jllrd 
group 
(88) 

e 1) / 21 1 I I 11 I I I I f 4 I 2 

j I I I I I 5 .：：~~」」｜
出~：·~＇ ＇~r~Jf FP ~J－円－

16 
(19.3%) 

2 2 
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group of the females with 5-days nursing period were 29.3 per cent (41 out 140 

mice) and 37.1 per cent (52 cases) respectiYcl;≫. The percentages of those in the 

second group of non-breeders were 33.3 per cent (5 out of 15 mice) and 26.7 per 

cent (4 cases), and those in the third group of the females which nursed their young 

for 30 days were 19.3 per cent (16 out of 83 mice)and 15.7 per cent (13 cases) 
respectively. Both the prevention of nursing and the non-breeding have e仔ectedon 

the incidence of mammary lesions, as compared with the normal breeding. Espe-

cially, the females which nursed their young for 5-days in the白rstgroup showed 

the highest incidence of mammary cancer. 

Table 2. illustrate the mammary cancer with mastopathy-like-changes contained 

in Table I. The incidence of mammary cancer with mastopathy-like-changes of 

EXPERIMENTAL STUDIES ON THE HISTOGENESIS OF l¥IAl¥IMARY TUMORS 

Correlation between mammary cancer and mastopathy-like-changes 
in lactation-group-mice. 

Mammary cancer without 
－一竺笠旦旦！h~生生生担盟主
Different I Di ferent 
glands in the I glands in the 
sameロ10use, I same mouse, 
Mastopathy ( + ) I Ma~topathy （ー）

24 

M瓦函marycancer両面
masto athy-like-changes 

Di ernt I Differnt 
邑：landsin the I glands in the 
sa町iemouse, 1 same mouse, 
Mastopathy ( +) I Mastopathy （ー）

28 

Table 2. 

Groups 
(Number of mice) 

13 11 

2 

11 17 

I st group 
(52) 

。Hnd group 
(4) 

lllrd group 
(13) 

the first group was 53.8 per cent (28 out of 52 mice), those of the second group 

was 25.0 per cent (1 out of 4 mice), and those of the third group wぉ 30.7per 

cent (4 out of 13 mice). The average of the three groups was 47.8 per cent (33 
out of 69 mice). All the groups showed a high incidence, especially, the first group 
showed the highest incidence in these groups. ::.¥Ioreover, di仔erentglands in the same 
animal with mammary cancer without mastopathy-like-changes showed the high rate 

of incidence of mastopathy-like-changes. 

Table 3. gives the location of 69 

mammary cancer; 28.6 per cent were 

in the axilla region on the right side 

(A) ; 25.3 per cent in the axilla region 

on the left (B) ; 24.1 per cent in the 
inguinal region on the right （（‘） ; and 

about 22.0 per cent in the inguinal region 

on the left (D). 
In 42 of the 69 (60.9 per cent) showed metastasis, and all of these occurred fr・e-

quently in the lungs but infrequent!:-・ in the spleen (2 cases) and the liver (one case). 

Transplantation of the mammar~・ cancer were performed on ten selected mice and 

c I D 
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Table 3. Location of mammary cancer m 
lactation-group-mice. 
Locatio I I I 
一 nl A I B I 

生Q_l]P＿＿：＿＿：：こここ斗 I I 

I I 19 I 15 

H I 2 I 3 
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Totals I 26 I 23 
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only succeeded h1 two cases. However, the tumors could not pass two generations. 

Table 4. gives the correlation between the extent of regression-delay of the 

mammar:-・ glands and the mammary cancer, or mastopathy-like-changes. In the 

Table 4. Correlation betw回nth~ extent of rzgress・：on・【blayof the mammary glands 
and mammary cancer, mas';op1ty』like-changesin lactation-group-mice. 

Number of mice 
Number of regression-delay 
Per cent 

Number of mastupathy-like-chanp:cs 
Number of regression-delay 
Per cent 

Number of mammary cancer 
Number of regression-delay 
Per cent 

I st group 

160 

34 

21.3 

52 

9 

17.3 

II nd group 

21 
7 

33,3 

4 

0 。

lllrd group 

88 

12 
13.6 

17 

4 

23.5 

13 

1 

7.7 

extent of regression-delay of the mammary glands was included those females which 

still presented 3rd degree of regression in spite of two week’s time after ablactation. 
The incidence of rcg-1℃ト中ion-delayof the mammary glands of the first group w部

21.3 per cent, those of the second group was 33 3 per cent, and those of the third 

group wぉ 13.6per cent. The order of the incidence in the groups showed the same 

order of the incidence of mastつlはth~·－like-changes in the groups. While mastopathy-
like-changes with regr2ssion-delay occurred frequently, mammary cancer with regres-
sion-delay occurred infrequently. 

The incidence of m<im mary cancer and mastopathy-like-changes was frequent in 

those which had pregnated 2, 3, 4 and 5 times. The incidence of these changes in 

the first and second group have pregnated more times as compared with those of 
the third group. 

Table 5. gives the correlation bebvccn the age and the mammary lesions. The 

ages were from 90 to 7 45 da:-・s and among them the highest incidence of abnormal 
lesions occurred on those over 400 davs. 

Table 6. gives the average age, the average cancer age of these groups and 

the group of virgin female mice. In the first group, mammary cancer appeared at 

an average age of 460 da.＼・ぉ，556 da）ー日in the second group, and 482 days in the 

third group. Considerable ¥'ariatio11 was noted in the three groups; in one, the 

prevention of nursing had hastened the average cancer age. 

The results of the virgin female group (110 mice) are given in Tables 5 and 
6. The incidence of mastopathy-like-changes was 3 6 per cent (4 out of the 110 

virgin females). The t.¥・pc were the first tnic (1) (3 cases) and the second type 

(one case). These changes appeared throughout the period from 600 to 649 days. 

The third group in this study were divided into two groups (a and b). Table 

7. gives these results. However, significant di庁erenceswere not observed in the two 

groups, hence, these two groups (a and b) were included in the third group in the 
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Table 5. Correlation between age and mammary lesions in lactation-group-mice 
and in virgin female mice. 

＼＼ ～ 勾相山…e引…山m川…n川dぺa可aysつ ｜いm山l比凶州山川…t山出帥叫h悩h叶川i凶ペ叩n刊小｜ドl∞「叩十ヤ刊｜「「ド門1応m引5叩「~1ド吋00ペ咋~1十ヤ｜「1~~お50｜ド…00ペ咋ヤ~ 1小ヤい｜ドh円3お抑5印0｜ド吋00ペ~ 1小iドい4必450閃吋0一－－－－－－－－ • 99 149 199 249 299, 349 399 449 499 549 599 649 699 

1 I 2 I 41 41 I is / 5 I 1 i s I 61 31 1 I 51 I 61 
I st Mastopathy-like I I I 3 j 6 I 8 I 2 I 8 I 3 I 12 I I 3 I 2 I I 47 group changes ( +) 

~~~e~叫 I I I 1 I I 9 1 51 1 i 12 I 6 I s I 2 i I 2 I s2 
11l113l1l1l2l1l1I111 I 10 

:r~~P Z吉長官~ke- I I I 1 I I I いI41 I 1 I I I I 
I I I I I I I I 2 I I I 2 I I I 

I 1 I 2 i 31 51叶 4I s i 13 I 3 I 2 1 1 1 2 1 1 ss 
I - e / I j I / I 2 I I I 1 J 31 51 1 I I j 1 I I I 17 group chan芦es(+) 1 

＇~~~~叫 I I I I 3 I I I 4 I 3 I I 1 I I 2 I I 13 
I 51 2 I s 1 6 I 1 I 1 f 14 I 1 1 5 1 24 I 29 / 1 4 1 106 

i~.~~l~子語；t2~~~i長 I I I I I I I I I I I 41 I I 4 
町uce 一つ..~－一一 一 （ 一一一一

I cancer 

Table 6. Average age and average cancer age in lactation-group-mice 
and in virgin female mice. 

I I ~t group I IT nd group I Ill吋 groupJvirgin female~ 
Average age in days I . . 423 I 422 I 425 I 490 
Average cancer age in days I ・ 411 I 505 I 402 I 0 

T?.ble 7. The effect of the number of litters nursed by lllr・dgroup females upon 
the incidence of mastopathy-like-changes and mammary cancer. 

一一一一一一一一一 一一一一一 一一一 一一 一一「一一一
Number of the mice preg目natedmore than twice 
Number of mastopathy-like-changes (Per cent) 
Number of mammary cancer (Per cent) 

A group 

60 
12 (20.0) 
10 (16.7) 

B group 

23 
4 (17」）
3 (13.0) 

previous experimental result. The incidence of mastopathy-like-changes and mamma-
ry cancers was found between those which had from one to five litters (20 per 

cent and 16.7 per cent) and those having six to 13 litters (17.4 per cent and 13.0 

per cent) respectively. 

2. Discussion 

We have observed that the侃curenceof mammary cancer and mastopathy-like-

changes was more frequent in those mice which were suspended from nursing 

(lactation) completely or incompletely compared with those with normal lactation. 

Hence we may surmise that the abnormal lactation m句’be,one of the causes of 

mammary cancer and mastopathy in human being. 
BAGG (1936) and BAGG & JAcKSEN (1937) reported that the~’ have studies 
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regarding the influence of force breeding-rapid breeding and the prevention of 
llursjng-upon the development of mammary cancer in mice. They ieasoned that 
with the prevention of nursing there was retention of milk in the ducts of the 
mammary glands and irritating chemicals might be produced which, acting upon 
the epithelium, induced the development of mammary cancer. 

But these results were not ratified by LITTLE & PERSONS (1940), FEKETE (1938) 

and later by BAGG. 

MuHLBOCK and BITTNER (1948) reported that, in certain inbred strains or 
hybrids, rapid breeding appeared not only to increase the incidence but also to acce-
lerate the development of the tumors; in others, especially hybrids with a low inci-
dence, no effect was noticed. 

FEKETE and GREEN (1936) reported that complete blockage of the nipples influ-
enced the site of tumor formation in females of a cancerous strain, but did not 
induce mammary tumors in females of a low cancerous strain. FEKETE (1940) also 
obtained 9 tumors in 16 dba mice whose lactation period was prolonged to 30 days 
or more, as contrasted with 27 tumors in 31 mice that were permitted to nurse 
their o百springfor only 1 day. 
However, these findings were not described as mιstopathy in mice. KoGURE 
(1946) obtained 2 mastopathy-like-changes in 47 hybrid mice whose lactation peri吋
was 30 days, as contrasted with 3 tumors and 18 mastopathys that were permitted 
to nur:se their o百springfor 5 days. In the other hand, no-mastopathys and ncト
tum01 s appeared in 51 hybrid mice of non-breeding group. 

Thus, during the past forty years, studies on this subject has been made by 
innumerable workers, without reaching, however, any decidable conclusion; the data 
presented thereof were far from being uniform in spite of the similarity among the 
experiments. 

In this investigati<:m, we have observed that the rate of mastopathy-like-changes 
and mammary cancer of the group in prevention of nursing and non-breeding mice 
was higher as compared with those in normal breeding and suckling female mice. 
There can be no doubt that abnormal nursing creates a favorable situation for of 
the majority of mammary tumors in mice. BITTNER (1955) concluded that“if 
abnormal nursing exerts any influence upon the genesis of mammary cancer in mice, 
it would result from the increased hormonal stimulation of repeated pregnancies, 
and not from retention and stagnation of milk’＇. It was summarised that the 
abnormities due to the abnormal nursing in the sexual rhythm should be carefully 
noted, as the factors influence a sensibility in the breast epithelium, possibly these 
abnormalities connected with an inherent predisposition to neoplastic growth. 

MINAMI (1955) has studied on the changes of the levels of estrogen and pro-
gestin during lactation period in the mouse. “High levels of estrogen concentration 
are seen in the負rstand second day of lactation, though after that estrogen levels 
fall. In the latter half of lactation output of estrogen are ascending gradually. 
However, the second coming of estrus in lactation mice appears at the end of lac-
tation and at that time abundant output of estrogen takes place suddenly. Prか
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duction of progestin is ascending gradually after parturition and the highest level 

of progestin is seen between 4th and 9th day of lactation.” 

From these hormonal changes in mice the hormonal condi上ionsat the time of 

lactation-ceasing in each group may be considered as follows. In the !st group, the 

estrogen showed evidently a decrease and the progesteron showed a maximum inc-
rease on the 5th day. In the II nd group, the estrogen showed an increase and the 

progesterone showed a little increase after parturition. Finally, in the III rd group 
the estrogen showed evidently an increase and progesterone showed evidently a dec-

rease on the 30th day. The hormonal condition at ablactation in the III rd group, 

probably, may indicate a )'lli)rmal condition in normal female mice. Therefore, it is 

probable that a sudden change of hormonal balance, especially an increase of estrogen 

due to recovery of ovarial function after ablactation m町v stimulate the mammary 

gland of the I st and II nd group. The group with high degree of endocrine im-

balance showed a high rate of mastopathy and mammary cancer. From this point 

of view, an imbalanced endocrine-stimulus action principally on the sensibility of 

the breast epithelium may .lead to the cause of mastopathy and mammary cancer. 

It seems to be that these hormonal changes at ablactation influence not only 

the mammary epithelium but also the other endocrine organs. CRAMER (1937) 

discussed the posibilit~ア of a greater susceptibilit~’ of the whole endocrine s：，’stem, 

possibl~· due to a breakdown of some protective mechanism, and cited as evidence 

the ' brown degeneration of the adrenals”observed 川・ himself and HoRNING. T AKUMA 
and HANEDA of our co-workers studied the endocrine organs of these mice bearing 

mamman・ cancer and mastopathy-like-changes, comparing with the normal ~·oung 

and old mice. They’have demonstrated that there existed mοrphologic alterations 

in the endocrine organs which might be associated with the presence of mammary 
cancer and mastopathy-like-changes; namely, brown degeneration of the adrenal 

cortexs, disorder of corpora lutea and follicles of the ovaries and a relative increase 

of αcells and a relative decrease of γcells in the anterior lobe of pituitary glands. 

The relationship between the involution state after lactation and the incidence 

of mammary tumor in mice has been described l乃’severalauthors. FEKETE (1938) 

reported that the failure to complete regression do not seem to be so dangerous 

from the point of view of malignant changes. However, if malignant changes of 

these areas do take place they probabl~・ develop slowly and later in the life of the 

animal. KocuRE stated that these extent of regression-delay correlated with high 

incidence of mastopathy-like-changes. GARDNER (1939) observed that the extent of 

involution of the normal mammary tissue could not be associated with the tendency 

to develop localized “abnormal”nodules. 
In this investigation the ex:‘tent of regression-delay of each group coincided with 

the incidence of mastopathy-like-:-ehanges was high, while tho~e with mammary cancer 

was low. The reason is that the nodular mastopathy-like-changes are produced from 

these uninvolute state and a part of these nodules then transform into cancer. The 

other uninvoluted glands and nodules will gradually degenerate in a long per匂dof 

time. A certain period of time is necessar~· for mastopath~· to transform into 
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cancer, therefore at the outbreak of cancer it is rare to observe uninvolute state in 

other p紅白 ofthe mammary glands. 

It has been reported that the incidence rate of cancer is higher in the breeding 

mice compared with the virgin mice, and the reason is・ said to be due to the est-
rogen stimulation during pregnancy; its rate is various in each individual mo山e.
In the present experiment the incidence rate of cancer was 0, while the rate of 
mastopathy-like-change was as low as 3. 6 per cent. Moreover, mastopathy-like-

changes were observed only at the age of 600～650 days, and only 4 cases developed 

mastopathy. 

VI. EFFECT OF ESTROGEN ON THE. MAMMARY 

GLAND IN MICE 

1. Experimental results 

Sixty two female hybrid mice of 30 days old received insertions of 1 25 mg of 

estr-adiol pellet every・ 50 days. 

1) The effects of the Ist insertion of 1.25mg of estradiol pellet. 
(The changes during the period of 50 days following the initial implantation). 

After 8 days the influence of estradiol on the mammary glands was observed, 

causing at first elongation and ramification of the mammary ducts, and the ends 
of mammary ducts became spindle shaped and thickened. After 50 days the elon-

gated and branched ducts, within which secretions more or less abundant accumlate. 
The lobulus were not formed in this period (Fig. 50). In microscopic preparation 
the mammary glands consisted of distended or cy:stic duets filled with the concretion-
like bodies were observed. 

For the purpose of investigating the di町erenceof action of the estrogen-dosis, 

female mice of 30 days old were inserted with 2.5 mg of estradiol pellet. Above 

mentioned cyst formation was observed at 10 days after the implantation of estradiol, 
and at about 35 days many small twigs with end-and lateral buds protruded from 
the elongated and branched duct芯， butlobulus was minimal or absent. These 
mammary glands bear a resemblance to that during the earier stage of pregnancy. 
However, the experiment was unable to continue, because these dosis caused the 
death of these mice shortly after. 

2) The e町ectsof the II nd insertion. (The changes during the period from 50 
to 100 days following the initial implantation) 

Ninety days following the initial implantation all the mammary glands in 
mice alive bore a resemblance to that of the Ist insertion of 2.5 mg of estrogen. 

The process progressed to the formation of alveloar lobules. The Ist type (1) of 
mastopathy-like-changes occurred in these mammary glands. Hundred days folio-
wing the initial implantation a mammary tumor appeared in one of these experi-
mehtal mice. 

3) The e百ectsof the IIIrd insertion (The changes during the period from 100 
to ・400 days following the initial implantation). 

With continued estrogenation, progressive hyperplasia and dilatation of the 



EXPERIMENTAL STUDIES ON THE HISTOGENESIS OF MAMMARY TUMORS 341 

ducts, inc問 aseof the connective tissues and round cell infiltration were observed 
(Figs. 52, 53 and 54). Namely, the mammary glands were consisted of hyperplastic 
areas of the 1st type (1) of mastopathy-like-changes and in places dilated fine ducts 
of the 1st type (2) of mastopathy-like-changes. In the epithelial proliferations in 
these hyperplastic areas, the appearance of cellular anomalies and monstrosities was 
observed more and more freqHentlγ. In this stage growth of mammary tumors 
was discovered in 2 ca田s.
When the administration of estradiol was discontinued after the Hird implant-

ation, part of the mammary hyperplasia underwent gradual regression, while the 
other part maintained its activity. In 13 mice which survived 220 days following 
the initial implantation, the mammary glands changed as followes. In 4 (30.8 per 
cent of the 13 mice the mammary hyperplasia underwent gradual regression. In 
2 (15.4 per cent) of the 13 mice some difinite ar切 sof the same animal maintained 
the mammary proliferation while the majority of the other mammary hyperplasia 
underwent regr官邸oin. Finally, in 7 (53.8 per cent) of the 13 mice the mammary 
glands maintained its activity. The results are given in Table 8. 
Mammary cancer was recognized in 6 out of 44 mice which survived 91 days after 

the initial implantation, and metastasis in the lung was discovered in 3 of these 6 mice. 
The average age and the average cancer age of estrogen group was 270 days 

and 225 days, respectively. Cancer appeared earier in estrogen group than in lac-
tation group. The average age of the mice was shorter in estrogen group than in 
lactation group, because the estrogen tended to shorter the life of the mice. 
Table 8. Incidence of mastopathy-like-changes and mammary cancer in hybrid 

mice receiving estradiol pellet and testosterone propionate pellet. 
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Table 9. Details of six female mice which develop唱dmammary 
cancer of the estrogen group. 

I Location of tumor j Tumor age in days I Averageψin days I Metastasis to 

No・521 i B I 130 I 130 I （ー）
Ko. 552 B C D 205 225 Lungs 
No. 553 A B D 207 237 （ー）

No. 568 D 230 360 Lungs 
No. 573 A 280 ・2so Lungs 
No. 560 A B C D 390 390 （ー）
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2. Discussion 

It has been generally recognized that estrogen acts productively on the human 

and animal mammary glands. However, the effect of estrogen varied with the 

species and the age of the animal at which the administrations were commenced. 

Moreover, the e百ectvaried with the dose, the length of treatment and type of 

estrogen administered. On the other hand, GARDNER (1941) reported that, with 

excessive doses of estrogen, the glands become stunted. 

In this investigation, the observation of the mammary gland in mice treated 
with excessive doses of estrogen could not continue, because the mice died immediately 

with these doses. However, development of the glands was not interfered within 

these doses. 

Numerous investigations have been performed on the role of estrogen in the 

development of the mammary glands. However, difinite conclusion has not yet b舵n’

established. Branched and dilated ducts appeared in the early stage of the chang邸

.produced by slow but constant absorption of the estrogen in the mammary glands＇’ 

of the mice employed in the present experiment. And then, the elongated and 

branched fine ducts protruded from the epithelium of the duct wall. These mam-

mary glands bore a resemblance to that during the earlier part of pregnancy. Next, 
the fibrous connective tissue and round cells infiltration appeared. In the secondary 
early stage, about 90 days following the initial implantation, the lesions in all the 

mammary’glands of the mice employed in the present experiment appeared to 
resemble that of the human mastopathy so closely that it suggested that the preト
longed, excessive or abnormal stimulation of the estrogen may be one of the factors 

accounted for the development of this disease. 

TAYLOR (1933), Fum (1938), KIMURA (1940) and other investigators reported 
that the effectiveness of the estrogen may be limited to the development of the 

duct system only and the formation of lobules attained by the stimulus of the 
estrogen with combined progesterone. In this investigation, it was thought that 
these changes might be accounted for by the e百ectof the estrogen at first and then 
by the stimulus of the corpus luteum formed by・theluteotrophic hormone in the 

anterior pituitary. The changes of the ovaries were examined by TAKUMA of out 
laboratory. The essential function of the mammary glands in the reproduction of 

mammals depended upon a complex synchronization of these glands with the ovaries, 
the pituitary, the uterus and probably the adrenal cortex. 

Lesions interprete@. as mammary adenocarcinorna occurred in 6 mice. LoEB 

and SuNTZEFF (1941) reported that there was no sudden transition from quiescent 
ducts or acini to cancer, but a gradual development through normal growth pro-
cesses. Similarity in the action of estrogens ,and carcinogenic h~·drocarbons w部

further pointed out by several workers. LACASSAGNE (1936) who had reported the 

knowledge of the physiological properties of estrone has established “the principal 

action of the hormone is to provoke cellular proliferation in certain tissues, as the 

epithelium of the breast”. However, it was summarized that endocrine imbalance 
resulting from prolongated estrogen e百ectson the mammary gland, possibly these 
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imbalance connected with an inherent predisposition to neoplastic growth in the 

breast epithelium. 

After the administration of estrogen was discontinued, some of the mammary 
hyperplasia underwent gradual regression (30.8 per cent), while the majority of 

the c出escontinued its hyperplastic changes (69.2 per cent). In 3 (23.l per cent) 
out of the latter 9 cases mammary cancer developed. Natural convalescence of 

mastopathy in the human being has been recognized in clinical observations, and 

we have also recognized the natural convalescence of mastopathy in the experimented 

立nce.

The incidence of mammar~· cancer in mice showed lower percentage in the 
‘estrogen group than in the lactation groups. It was thought that di百erencemight 
be accounted for the earl~’ death of the animals treated with estrogen. 

How much was absorbed from this pellets? The absorption rate of the pellets 
in this experimental mice was 0.2 or 0.3 per cent・ daily. According to this account, 

the action of the pellets should continue a year or more, however, the stoppage of 

absorption in this investigation occurred after a period of about four months. 

VII. EFFECT OF ANDROGEN ON THE MAMMARY 

GLAND IN MICE 

1. Experimental results 

Fourty female hybrid mice of 30 days old received insertions of 6.25mg of 
testosterone propionate pellet every 50 days (3 times in 150 days）.τhe results are 

given in Table 8. 
1) The effect of the Ist insertion of 6.25mg of testosterone propionate peilet 
(The changes during the period of 50 days following the initial implantation). 

After 20 days the ducts became slight dilated without ramification, and also 

only slight dilatation of the ducts in the adipose tissue was ol:>served in the whole 
mount preparations (F'ig. 55). After 50 days the mammary glands became reg-
ressive. This observation corresponded exactly with that of the mice 20 da~’s after 
the implantation of 12.5mg of the testosterone; that is to say when double dose is 
used it acted regressively from the begining (Fig. 56). 
2) The e百ectof the Ilnd insertion (The changes during the period from 50 to 

100 days following the initial implantation). 
During the period of this stadium whole mount preparations and microscopical 

sections showed almost complete lack of any development in the mammary glands. 
3) The e百ectof the IIIrd insertion (The changes during the period over 100 
days following the initial implantation). 

The mammary glands maintained its atrophic picture for 9 months following 

the initial implantation, and after that the mammarブ ductsgradually’began to 
elongate and ramify (Figs. 57. 58 and 59). Many small twigs with end-and lateral 

buds were protruded from the elongated and branched ducts. Namely, the Ist type 

(1) of mastopathy-like-changes occurred in these mammary glands from 13 to 17 
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months following the initial implantation. Since that time, the mammary hyper-

plasia also underwent gradual regression. At the Table 8. indicates that all the 

mammary glands in 17 mice showed regression until 9 months following the initial 

implantation and all the mammary glands in 23 mice showed the Ist type (1) of 

mastopathy-like-changes （十） or （土） from 6 to 14 months following the initial 

implantation. Mammary cancer were not observed in the androgenized mice. 

4) Five female mice, with mastopathy-like-changes of the fat type (1) in the 

mammary glands 240 days following the initial implantation of 3.75mg of estradiol 

pellet, received insertions of 37.5 to 75mg of testosterone propionate pellet for 75 

to 135 days. Fibrosis and round cell infiltration were one of th€ cardinal features 
of this experimental lesion (Fig. 60). The elongated and branched ducts were 

reduced in all. the mammary glands of the 5 mice. However, mastopathy-like-

changes of Ist type (2) appeared partially in 3 of the 5 mice (Figs. 61 and 62). 

2. Discussion 
The action of androgens has been reported by several authors. It is summa-

rized that androgens are probably antagonistic to the action of the estrogens, it 

supresses the estrus cycle and prevents follicular maturation. In this investigation 

the effect of androgen on the mammary glands of immature mice varied with the 

dose of androgen administrated. The mammary glands in mice, treated with 6.25 

mg of testosterone propionate pellet, showed at first slight dilalation but no ramifica-

tion, and then, the glands underwent regression. On the othr~r hand, the mammary’ 

glands in mice, treated with 12.5mg of testosterone propionate pellet, showed at 

first the state of regression. 

The action of testosterone in this investigation suppresed the development of 

the mammary glands in female mice. However, the mammar・y hyperplasia appeared 

in mice that were discontinued of the testosterone administrntion between 9 to 17 

months following the initial implantation. 

It is probable that the action of testosterone correlated with all the endocrine 

system as well as the action of estrogen. It was thought that this proliferation 

might be accounted for by the state of relative hyf>oandrogenismus of the animals 

by these workers. A tr可〕hyof the androgenic glands and hyperf unction of the 

estrogenic glands in the animals were resulted from full, continuous action of the 

testosterone. T AKUMA of our co-workers observed in these mice formation of corpora 

lutea and brown degeneration of the adrenal cortex from histologic examination. 

Testosterone pellet were inserted into those mice with Ist type (1) (adenosis) 

of mastopathトlike-changesin the mamma1‘.v glands. Fibrosis and round cell infilt-
ration appeared in this experimental lesion and the mammary hyperplasia underwent 
general regression. However, mastopathy-like-changes of the Ist tγpe (2) (cystic 

type) appeared partially in 3 of the 5 mice. It was thought that these changes 

might be correlated with. the fibrosis. Emphasis has been placed in the fibrosis if 
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mastopath~· in human being by BERTHELES (1913)' DIETRICH (1926)' SEMB (1903) 

and KucぷE'.'.3(1928). BERTHELES stated that “the increa日ein connective tissue is 

the primary pro~ess and that as a result of the ingrowth of interlobular tissue into 

the lobules the adni are separated and strangulated. Secondar~’ to this fibrosis there 

develop secretion stasis, round cell infiltration and regressive and progressive epithelial 

changes". It was thought that mastopathy-like-changes of Ist t~·pe (2) might be 

also appeared b~· these reason. 

MAsunA of our clinic reported that the Ist t~·pe and IVth type of human 

mastopath~· (classification of ::.¥lasuda) with fibrosis was no definite abnormality in 

average of hormone balance. On the other hand, the Ilnd tn〕eand IIIrd type of 

human mastopathy (classification of MAsunA) with epithelial proliferation showed 

a state of relative h:-・perestrogenism due to urinary hypoandrogenism. Thus, it is 

considered that the histological and experimental observations on the human masto-

pathy might be similarヤ accountedfor by the changes of this hormonal stimulation 
on the mammary gland in mice. 

The treatment of mammar：－’ tumors in human being has been reported h’ 
several authors. The e百ectivenessof androgen on mammary cancer, especially, 

mastopathy remained a question, and it is an important one，ぉ towhether this 

excessive androgenic stimulation caused hァ thesupression of the mammary hyper-
plasia from the effect of a substance which is physiologicall~’ antagonistic to estrogen 

or a complement for the lack of androgen in the endocrine balance. It is proper 

to consider that the state of cl,・sfunction of the endocrine sYStem in the mice mav 

recover to when the lack of androgen is complemented for a certain period of time. 

MAsunA reported that in cases of human mastopathy with hypoandrogenism 

androgen presented notable e百ect,and though in one case with normal hormonal 

balance androgen aggravated the lesions. Hence when treating human ma$topathy 

with androgen one should not neglect the state of hormonal balance of the patient. 

The absorption rate of the pellets of the experimental mice was in average 1 per 

cent daily. 

SUPPLK:¥IENT. THE INCIDEN'CE OF TUMORS 

IN OTHER TISSUES 

Leucaemia was present in 3 mice. Two mice belonged to the normal breeding 

group and one mouse treated with estrogen. The latter also combinated mammary 
cancer. 

Uterus tumor was pi℃河川 inone lγonse which belonged to 5 daγs nursing 

group, and had met::istases in the lungs (Fig. 49). Ist type (1) of mastopathy-

like-changes was obsened in the mammar:-・ glands. The estrogenized females 

showed c.¥・stic enctometrial h,¥'perplasia and pyometra. However, uteru日tumors¥1’ere 
not observed in the estrogen group. 
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VIII. SUMMARY AND CONCLUSION 

The relationship between the neplo邸 ticdiseases of the breast and the influences 

of abnormal lactation and of the hormonal stimuli in mice was investigated and 

comparative studies with the human mastopath~’ have led to the following results. 
1) Whole mount preparations of the mammar? glands in mice were studied 

and compared with the sliced preparations. The ph≫siological growth of the mam-

mary gland of the virgin female, pregnacy, lactation and regression after lactation 

were studies in these hybrid mice. In the mammary glands of the multipareous 

females with spontaneous mammary cancer numerous abnormal changes were de-

monstrated. These changes were divided into 3 types of abnormal lesions by ij:usEBY 

& BITTNER (1946) and also they were divided into 3 types of mastopathy-like-cha9ges 

in mice by FunsuE (1955). In studying the present material, these lesions were 

modified into 4 types by the author. In these 4 types only the Ist and the !Ind 

type which showed aggravation. 

2) In investgating the in伽enceof nursing the experimental mice were divided 

into 3 groups. Each group was treated with a di百erentmethod of nursing. Both 

the prevention of nursing and the non-breeding had e汀ecton the incidence of 

mammary lesions, as compared with the normal breeding. 

In the cases of mammary cancer with mastopathy-like-changes were also present 

in high rate. 

While mastopathy-like-changes with regression-delay occurred frequently, mam-
mary cancer with regression-delay occurred infrequently. 

3) The incidence of mastopathy-like-changes in virgin female group was 3.6 

per cent. The mammary cancer did not appear in this group. 

4) The estrogen acted pr吋 uctivellyon the mammary gland in mice. At 

first, Ist type (1) of mastopathy-like-change occurred in the mammary glands after 
the implantation of estradiol pellet, and then, Ist type (2) of mastopathy-like”changes 

appeared occasionally in these legions. Next, mammary cancer appeared in this 

group. As insertions of estrogen were discontinued, the mammary glands -changed 

as follows. The mammary h;,.perplasia maintained their activity (69.2 per cent). 

The mammary hyperplasia underwent gradual regression (30.8 per cent). In 6 out 

of 44 mice which survived a period of up加 91days following the initial implant-
ation, mammary tumors appeared. 

5) The testοsterone reduced the mammary hyperplasia in female mice. Howe-

ver-, all the mammary gland in mice showed the Ist type (1) of mastopathy-Jike-

changes from 9 to 17 months following the initial implantation. Since then, the 
mammary hyperplasia also underwent gradual regression. In female血ice,m出to-
pathy-like-changes of the Ist type (1) were -present in the mammary glands. after 

estradiol pellet, and they received insertions of testosterone propionate pellet. Fibrosis 

and round cell infiltration was one of the cardinal features of this experimental 

lesion and all the mammary glands reduced the proliferative lesion. 

6) Mastopath~んlike-changes and mammary tumors produced b~， estrogens and 

androgens, arised spontaneously from the prevention of nursing. Morphologically 
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similar structures were seen. 

From the results of these investigations, it could be concluded as follows. The 

incidences of mastopathy-like-changes and mammar~· cancer have arised from ex-

cessive estrogcnic stimulation and repeated pregnancies. The~.c lesions appea1、more

often in abnormal breeding and non-breeding mice than in breeding mice. The 

abnormalities due to abnormal nursing which cause disturbance in the sexual rhythm 

should be carefully noted, as these factors ma~’ influence the sensibilit：＞’of the breast 

epithelium, and possibl~· these abnormalities may connect with an inherent predis-

position to neoplastic growth. 

er wish to express my deepest gratitude toward Dr. K. MA~UDA, lecturer of our clinic, for his 

helpful advice and kind guidance throughout this study and to express my gratitude to Prof. Dr. 
S. TAKEDA of the Institute of Pathology, of the Mie Prefecturヨ1University Medical School for his 
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EXPLANATION OF PLATES 

Fig・. 3. Mammary gland of a 15 days old virgin female mouse. Whole mount preparation. x JOO. 

Fig・. 4. Mammary gland of a 3 months old virgin female mouse. Whole mount preparation. 
Fig・. 5. Histological finding of Fig. 4 showing that only a few ducts with flattened and empty 
lumen are in adipose tissue. x 100. 

Fig-. 6. Mammary gland of a 16 months old virgin female mouse. Whole mount prepartion. 
Fig. 7. Part of Fig. 6 under higher magnification. × 100. 

Fig・. 8. Histological finding of Fig. 7. " 100. 

Fig・. 9. Mammary gland on the 7th day of pregnancy. Whole mount preparation. x 100. 
Fig. 10. Part of Fig. 9 under higher magnification. Whole mount preparation. x 100. 
Fig・. 11. Histological finding of Fig. IO. x 100. 

Fig・_ 12. Mammary gland on the 20th day of pregnancy. Whole mount preparation. 
Fig. 13. Part of Fig. 12 under higher magnification. x 100. 

Fig. 14. Histological finding of Fig. 13 showing secretory activity. Glandular alveoli consist 
of one layer cells including intracellular secretion vacuoles and distended lumina filled up with 
secretion. ×400. 

Fig. 15. Mammary gland of a mouse lactating for 5 days. Whole mount preparation. x 100. 

Fig・. 16. Histological finding of Fig. 15. Note the almost complete absence of the fibrous tis-
sue. × 100. 
Fig. 17. Mammary gland 5 days after lactation had stopped. Whole mount preparation. (In-
volution stage 5) 

Fig. 18. Mammary gland IO days after lactation had stopped. Whole mount preparation. (In-
volution stage・ 3). 

Fig. 19. Histological finding of Fig. 18. x 100. 

Fig・. 20. Mammary gland 20 days after lactation had stopped. (Involution stage 2). 

Fi'!-. 21. Histological finding of Fig. 20. x 100. 
Fig・. 22. Mammary gland of a 583 days old female mouse at 350 days after the third partur-
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ition. This animal belongs in the 5-day nursing group. Adipose c~lls greatly increased and the 
glandular elements reduced. Whole mount preparation. (Involution stage I). 
Fig. 23. Histological finding of Fig. 22. Mammary gland at resting stage. 
Fi~. 24. Areas of abnormal hyperplasia (Type 1 (1)) in whole. mount preparation. Mammary 
gland of a 610 days old female mouse at 259 days after the third parturition. This animal be-

longs to the 5・daynursing group. 
Fig-. 25. Part of Fig. 24 under higher magnification. This nodule consists of hyperplastic fine 

ducts dewloped from small area of duct II and duct Ill. " 100. 
Fig・. 26. Histological finding of hyperplastic area (Type IC 1)) resembling that of adenosis in 

the human being. x 100. 

Fig・. 27. Part of Fig. 26 und邑rhigher magnif:cation. ×400. 

Fi宣.28. Areas of abnormal hyperplasia (Type I (1)) showing cellular f:ndings resembling 

mammary cancer. (Adenocarcinoma type A）.× 100. 

Fig-. 29. Part of Fig. 28 under higher magnification. Tumor cells are cuboidal, containing 

poor chromatin nuclei. ×400. 

Fig・. 30. Areas of abnormal hyperplasia (Type I (2)) in whole mount preparation. In the left 

side an abnormal areas is seen. Mammary gland of a 488 days old female mouse at 74 days af-
ter the sixth parturition. This animal belongs to the 5-day nursing group. 

Fig・. 31. Part of 30 under higher magnification. The area is composed of dilated fine ducts. 
x 100. 

Fig・. 32. Histological findings of Fig. 31. ×400. 

Fi雪.33. Multicresentric proliferated areas of type II in whole mount preparation. Note pro-
liferate<l manner radiated from a relative large ducts. Mammary gland of a 524 days old female 

mouse after the third parturition. This animal belongs to the 5・daynursing group. 

Fig・. 34. Part of Fig. 33 under higher magnification. 

Fig・. 35. Histological finding in an abnormal area of type II showing that these areas consi-
st of hyperplastic, relati、elarge ducts and haYing a resemblance to that of large duct type ma-
stopathy. The stroma was infiltr叫 e<lwith round ce !ls and fibrosis. × 100. 

Fig. 36. Inflammatory nodule (Type E〕 inwhole mount preparation. 
Fig・. 37. Histological finding of type Ill in mastopathy-like-changes in mice. Note small hyp-
erplastic area in extensive lymphocytic infiltration. x JOO. 

Fi宮.38. Cystic changes of ducts (Type N) in m’hole mount preparation. " 100. 
Fig. 39. Histological finding of type IV in mastopathy-like-changes in mice. Note fibrosis and 
slight hyperplasia of the ducts throu邑・houtarea. × 100. 

Fig. 40. Adenocarcinoma, Type A. ×400. 

Fig. 41. Adenocarcinoma, Type A. Tumor cells are acidophilic, large cytoplasm with small 
basal nuclei are arranged uniformly small. x 400. 

Fig. 42. Adenocarcinoma, Type A. The lumina are dilated and contain a clear fluid. × 100. 
Fig. 43. Part of Fig. 42 under higher magnification. A type of intracystic papillary growth. 
Small dark, round nuclei and large eosinophilic cells are noted. × 400. 

Fig. 44. Adenocarcinoma, Type B. forming soli<l nests and have expansive growth. x 400. 
Fig. 45. Adenocarcinoma, Type B. shows Ycry cellular structure and frequent mitosis. x 400. 

Fig. 46. Adenoacanthoma, squamous or ker叫 inizingarea from a mammary tumor. x 400. 
Fig. 47. Metastasis in the lung x 100. 

Fig. 48. Part of Fig. 47 under higher magnification. x 400. 
Fig. 49. Fibrosarcoma (uterus J. × 100. 

Fig・. 50. Mammary gland 50 days after the beginning of implantation with estradiol ・pelletof 

l.25mg. Note dilated ducts with end and lateral buds. Whole mount preparation. × 100. 
Fig・. 51. Histological finding of Fig. 50. x JOO. 

Fig. 52. Mammary gland 120 days after the begining of implantation with estradiol -pellet 
(3 times l.25mg). Whole mount preparation. x 100. 
Fig・. 53. Histological finding of Fig. 52. × 100. 

Fig. 54. Mammary gland 150 days after the beginning of implantation with estradiol-pellet 
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(3 times l.251Tg). Note the frequent mitoses, some atypical cells and intracystic papillary gro-

wth. × 100. 
Fig-. 55. Mammary gland 20 days after the beginning of implantation with testosterone-propi-

onate pellet of 6.25mg. Ducts are slight dilatation but have no-ramification. Whole mount prepa-

ration. × 100. 
Fi宮・56.Mammary gland 20 days dter the beginning of implanation with testosterone-propionate 
of 12.5rng. Note atrophic ducts. Whole mount preparation. ×100. 
Fig'. 57. Mammary gland 6 months after the beginning of implantation with testosterone-prop-

ionate p巴llet(3 times 6.25mg). Note atrophic ducts. Whole mount preparation. x 100. 
Fig. 58. Mammary gland 15 months after the beginning of implantation with testosterone-pro-

pionate pellet. The nodules consist of fin巴branchingducts. Whole mount preparation. x !00. 
Fig. 59. Histological finding of Fig. 58. x 100. 

Fig-. 60. The mouse with mastopathy-like-changes of the Ist type (1) in the mammary glan-
ds 240 days following the initial implantation of estradiol pellet, received insertions of testoste-

rone-propionate pellet. Fibrosis and round cell infiltration are seen about enlarged ducts. ×100. 
Fi.g. 61. The mouse with mastopathy-like-changes of the Ist type (1) in th巴 mammaryglands 

240 days following the initial implantation of estradiol pellet, received insertions of testosterone-
propionate pellet. Note the areas of mastopathy-like司changesIst type (2). x 100. 
Fi.g. 62. Whole mount preparation of Fig. 61. 
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和文抄録

乳腺腫療の形態発生と性ホJレモンに関する実験的研究

京都大学亙学部外科学教室第2講座（指導 ：青柳安誠教授）

大学院学生 越 哲 也

乳腺彊：蕩の発生と性ホルモンの関係を実験に匡す 在し，次いで乳癌の発生を認めた.Estradiolの作用

目的で岐阜産雑極マウスを使用して Estrogen及び を中止させると，その後もなお増殖を継続した例が

Androgenの技与， 妊慢反復並びに授乳異常がマウ 69.2%でP 自然、治癒した例は30.8%であった．投与開

ス乳腺の形態学的変化及び腫疹発生率等にL、かなる影 始後91日以上生存した44例中6例にp 乳癌の発生を認

響を与えるかについて検爽しP 次の成績を得た． めた．

l. マウスに於ける乳腺全体の構造を見分けうる伸 5. Testosteronはマウスの乳腺に大体萎縮性に作

展標本とその組織標本とを比較しながら実験マウス乳 用した．作用を中止させると一定時期後に一過性に猶

腺の発育，及び妊娠，授乳並に離乳等によってそこに 殖する時期を認めた. Estradiolで Masto pa thy様

起る変化を観察した結果p これらの変化の中には人間 変化 l型（1）の起っている時期に Testosteronを作用

の Mastopathyと比較νうる変化を見出し，さきに させると，全般的に間質結締織及び細胞の浸1習を伴う

Huseby，藤末等の示した分類に更にマウスのMasto- て乳腺は萎縮したがp I部乳腺の結節状の細乳管は夫

pa thy様変化を追加して， 4型に分類した． 7 ウス 々拡大して 1型（2＼の変化を呈した．

に於てか hる変化を起す乳管は，第2，第3，特に細乳 6. 授乳実験群とホルモン実験群の乳腺極湯には差

管の上皮細胞のJ曽殖によることが多い． 異を認めなかった．但し乳癌の発生は Estsogen群に

2.妊娠反復p 授乳異常によって乳腺種蕩を発生す 早期に認めた．

るのは， 5日間授乳の第1群， 次に全然授乳をさせな 以上の実験結果から授乳異常が，マウス乳腺腫蕩

かった第2群であって，これ等に於ては正常（30日） の発生と大いに関連性がある事が考えられる．併し妊

授乳の第3群に比べてはるかに高率に発生した．又乳 娠を反復する事でp 体内のEstrogen量が高まるとい

癌例中に Mastopathy様変化の共存したものを高率 うことも考えられるが，ゎれれわれの実験では異常授

に認めた．離乳後に乳腺の退縮が遅延して出現したも 乳法が正常授乳の場合と比較して逢かに高率であった

のは Mastopathy様変化と関係を有していた． しP 而も授乳中絶による体内ホルモンパランスの大き

3. 処女のま》 同生を送らせたマウスには乳癌の発 な変動をうけるのは，特に異常陵手し法に於て著明であ

生を認めずp Mastopathy様変化も僅かに認めたのみ るからである．

である． 即ちか hる急i)i，（なホルモンの変動を繰り返す事によ

4. Estradiolの作用て・乳腺は増殖した．最初，結 って乳腺細胞の感受性が大なる影響を受けるものであ

節状の純乳管の指殖による Mastopathy様変化1型 ろうと考えぎるをえない．

（！），時には若干純乳管の婆庫状に拡大したl型（2）も混


