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INTRODUCTION

The Problem of Carcinoma of the Breast

"Cancer" is a word that commands the respect of
physicians and the lay population. The remarkable
ability of a malignant tumor to extend 1its claws
throughout the body has caused it to be likened to
the nature of the crab. Carcinoma is the commonest
of all cancers, and it 1s characterized by its epi-
thelial genesis. It attacks almost all the organs of
the body, and in the breast it is the most common type
of malignancy occuring in females (1l). It has been
sald that 37 out of every 1000 women who reach matur=-
ity will become viectims of the disease and that in
each year more than 15,000 women in the United States
die as a direct result of carcinoma of the breast (2).
It is also postulated that there are between 50 and
60,000 women with the dlsease at this time (3). The
condition is rare under 20 years of age and reaches

its maximum incidence in the fifth decade (4).

Introduction, Limitatlon, and Purpose of Paper

In considering a condition so prevalent as this

disease and one whose incidence constitutes 25% of



all cancers (5), whose literature 1s so voluminous

and repetitlious, a person would be amiss to select
more than one factor that relates to the incidence of
mammary carcinoma for a single paper. There is much
divergency of opinions concerning the association of
lactation with breast carcinoma. The effect on the
incidence of carcinoma In the maternal breast and

the possible transmission of mammary carcinoma from
mothers to suckling offsprings, by the so=called

milk factor, are both disputed. The alm of this paper
will be an attempt to collaborate the statistical and
experimental research concerned with the effects of
lactation on the incidence of carcinoma of the breast
in the mother and her female progeny. No attempt willl
be made to evaluate the hormonal influence, individual
susceptibilities and resistence, or hereditary in-

fluences except where they have to be ruled out.

Brief History of Carcinoma of the Breast

Cancer 1s a disease that 1s older than present
man, older than prehistoric man and even older than
the age of mammals. Tumors in the fossil bones of ex-
tinct animals were first recognized among the pleisto-

cene mammals, especlally the cave mammals of Europe




(6). However, in the Mesozoic era, or the age of
reptiles (6-12 million years ago), the bones of the
dinosaurs and other reptiles show Llesions resembling
the modern forms of osteoma, osteosarcoma, and heman=
ziome of bone (5,7). The evidences of bone cancer in-
crease with each succeeding geological period through
the Cenozoilc and Holozolec eras until, in the Egyptian,
benign and malignant twaors of the soft parts are dis-
covered (6).

Historical records tell us that carclnoma of the
breast ceused suffering and death more than 2,000
vears ago, and it was described with some detaill in
an inscription from Ninevah (800 B.C.). Democedes
(520 B.C.), an accomplished CGreek surgeon, describes
the cure of Otossa, the daughter of Darius Hystospsis,
of breast cancer (3). Hippocrates (460-375 B.C.), the
father of medicine, employsed the terms cancer and car-
cinoma and described cancer of the breast and of
various organs. Vhat the cause was of this dreadful
disease has brought the leaders of medical thought in
ages past and up to the present moment to evolve msany
theories as to the vital etlological agent. Hlp-
pocrates and Galen (131-203 A.D.) thought that an

excessive accumulation of "black bile" was the cause



of cancer. Paul of Aegilna (625-690 A.D.) stated that
the thick "black bile" was readily concentrated in the
breasts because of their laxity and dependent position.
Helmont in the 17th century stated, "Cancer is due to
a spiritual being (Archaeus) who resides in the
stomach and spleen" (6). The years following the dis-
covery of the microscope (1592), making possible the
minute study of tissues, forced Imegination and
mysticlism to give way to more logical theoriles.
Several varletlies of bacterila and protozoa have from
time to time been assigned as the etlological factor
but none were proven to be the exciting cause.
Treatment hasn't varied as much as the etio=-
logical theories. Celsus, a contemporary of Chrisst,
vracticed excision of cancer of the breast, advising
the removal of the underlying pectoral muscles. Galen
(131-203 A.D.) also advised the wide surgical removal
of cancer. Leonides, who lived in Alexandria in the
latter part of the second century, was apparently the
first surgeon to carry out a dlssection for cancer of
the breast. Fabricus Hildamus (1560-1634), the father
of German surgery, was the first to practice a com-
plete axillary dissection in the treatment of memmary

cancer (6). This method of treatment is not far re-
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moved from the present method of treating carcincma

of the bresst.



THE EXPERIMENTAL ANIMAL AND ITS RELATIVE VALUE

Mouse asg the Sultable Laboratory Animal

By selective breeding over many generations,
families of mice have been developed which are
either "high cancer strains" or "cancer resistant
strains". The females of the high tumor strains ex-
hibit a high tendency to the spontaneous development
of mammary cancer, while the females of the low tumor
strain have a low incildence of this type of cancer
(5). The value of such animals to the experimentalists
lies in their short life-span and in the ease with
which a large number of tumor-~bearing animals can be
obtained. By using these mice one cen observe the en-
tire life span, not only for one generstion, but for
many succeeding generations. The experlimentelist can
isoclate pecullar strains by rigld and close Inbreed-
ing in & manner entirely impractical for human beings.
Little (8) has stated, "Research with inbred stocks
of mice 1s a tool which enables the experimenter to
hold genetics constant while other factors such as
hormonal levels, chemlcal, or physiologic states can
be varied." To malntain such an inbred stock,
Bittner (9) states that the most sensitive physio-

logic tests now avallable to demonstrate the



existence of sublimes within a stock due to mutations,
isolation of lines before the strain was homozygous
(pure), or the occurrence of uncontrolled matings,

1s obtained by the transplantation of tumors that
developed spontaneously in the stock. In mlce of the
stock line of origin practically 100% of the grafts
will grow progressively, while in unrelated stocks or
genectically different sublimes of the same strain,
nearly all of the mice will be resistant. The genetic
theory of trensplantation was advanced by Strong and
Little (10,11), as well as by Bittner (12,13) and
Andervont (14).

Mammary Systems of Mice and Humans Compared

Since mice have been selected as the sultable
animal for laboratory experimentation, 1t will be of
value to examine the points of simularities and
differences of the two mammary systems before extend-
ing conclusions based on date derived from experimental
findings.

Similaritiles:

1. A common function 1s performed by both systems
in the formatlon of milk for the feeding of
thelr young.

2e Both mammary systems follow a series of cyclic



changes which are closely relasted tc hormonal
activity.

As far as it is known, there 1s hormonal

homology of the ones controlling the cyclic
changes 1in mice and man (15).

In both cases the most frequent type of malignant
tumor of the mammary system arises from the adeno=
matous elements of the system (1,15).

In both mice and humans, the peak of mammary
tumor incidence colincides with the period dur-
ing which the reproductive activity of the female
is diminishing (16,3,17,18,19,15).

The normal functional male of both types rarely

develops mammary carcinoms.

Dif ferences:

1.

Metastasis of mammary tumors 1s much more fre-
quent in humans then in mice. Little (15) be=-
lieves that this difference may be due to the
absolute size of the lymph ducts and the relative
slze of tumor surface.,

Mice more commonly retain recognizable adeno=-
matous structures while human mammary tumors

tend to reach the carcinoma simplex degree.

Mlce tend to show in the tumor mass areas of
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columar epithelisl cells, while humans do
not. Little (15) believes that this may be due
to a more primitive type of tissus reaction in

mice.

From this brief comparison it is apparent that
ihe points of similarity in the two types are much
more basic In thelr biologic significance than are
thelr points of difference.

Is Inbred Mice Data Comparable to Human Processes?

The use of inbred mice raises the question; is
inbreeding of mice detrimental for obtaining experi-
mental data which may be expanded to the etlology of
human mammary carcinoma? As it is known there is no
such thing as an inbred human strain, and the strain
is thought of being a mixed stock with, as yet, no
known incidence of mammary carcinoma. Bonser (20)
helped to clarify the question with carefully control-
led experiments using highly inbred mlce with a known
incidence of mammary carcinoma and "outbred" mice
(which correspond to the mixed human stock). He
found that the results of data received from the in-

bred mice were only exaggerated processes of that



found in the "outbred", and the differences wers of
a gquantitative rather than of a gualitative order.
This is in accord with genetic experience that in-
breeding in 1tself exerts no harmful influence on

the stock but tends to exaggerate certain character-
istics which, if of a harmful nature, may in the long

run adversely affect the stock (20).
The result of Bonser's work suggests that the
experimental data obtained by using Inbred mice may

be applied with limitations to the human stock.

Conclusions

1. Mice are suitable laboratory animals, for they
can be highly Inbred with a known incidence of
mamnary carclinoma, thelr genetics can be held
constant, and many successive generations can be
followed.

2. The similarities of mammery systems of mice and
humans are much more basic in significance than
are their differences.

Se Inbreeding mice only exaggerates the processes
found in outbreds (similer to human stock), and

experimentation suggests that such laboratory
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data may be applied with limltations to the

mixed human stock.



NURSING AND STAGNATION

Effect of Breeding and Non-breeding on the Incldence

of Mammary Carcinoma

Animal Experimentation:

Lothrop and Loeb (21) stated that in female mice
which)were allowed to breed freely there was a consid-
erable higher incidence of mammary carcinoma than in
mice which were prevented from breeding. The findings
were the same regardless of the strains used. In con-
junction with use of poor breeders, which was a char-
acteristic of that strain, they found that the incld-
ence of mammary carcinoma was lower than 1In strains of
good breeders. They collaborated and confirmed their
results in a later article (22), as Loeb di1d again in
1919 (23). Murray (24) and Cori (25) confirmed the
original work and found similar conclusions.
Statistical Analysis:

Statistical studies of the human incidence of car-
cinoma of the breast appear to confirm the experimental
data found in mice. Table I complles the percentage
incidence of carcinoma of the breast cases of single
and married women, and also in childbearing and child-
less women. The material was collected from & number

of previously published papers.
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Table 1 Distribution of Carcinoma of Breast Patients

Concerning Marital and Pregnancy States

Martial Distribution |Parity Proportlon ol
Investi=- Married Cases
gators No.of Noe.ol [Child-f Borne a%t

Single|Married less least 1

Cases Cases child
Stubenford | 108 |19.0% |81.0% - - -
(17)
Scheiner & | 563 [15.0% |85.0% - - -
Stenstrom
(26)
Shepherd 439 |17.0% |83.0% -- -- -
(27)
Finney, 298 |23.4% }76.6% -- -- -
et al.
(18)
Harnett 2529 |22.1% |77.9% {1658 [156.1% | 83.9%
(18)
Lane - 508 22.8% | 77.2% 261 |18.4% | 81.6%
Claypon
(29)
Control 509 {17.1% 182.9% 280 |12.5% | 87.5%
(No Ca)
Penrose, 510 120.,0% |80.0% 408 (22.3% | 77.7%
et al.
(30)
Marshall B T 300 |43,0% | 57.0%
& Forney
(4)
Adair e o | e 200 137.0% | 63.0%
(51) ,,
Control PRI [N IR ——— 100 |22.0% | 78.0%
(No CA)
Hanna & T Bl e 220 |26.0% | 74.0%
Postlethwar$
(32)
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Although there is a lower percentage of cases in
single and childless women, it 1s 1lncorrect to assume
that there is a higher incidence of carcinoma of the
breast in women who are married and have borne child-
ren, for the actual percentage of single and child-
less women In the total population over 25 years of
age 1s probably much lower than those women who are
married and have borne children. Wood (33) in a
statistical study of death rates in Pennsylvania
found that there were 130 deaths of carcinoma of the
breast in single women over 35 years of age and 678
deaths among married, widowed and divorced women. He
computed the deaths per 100,000 and found that single
women had & death rate of 109/100,000 and the other
group had a corresponding death raste of 44/100,000.
In his series, carcinoma of the breast has an
incidence about three times higher in single than in
married women. Other investigators are in agreement
with his findings but have no statistical evidencs to
support their bveliefs (15,34,3,28). Also, no
definite statistics exist which demonstrate a higher
incidence in childless than in child bearing women or
that the carcinoma sappears at an earlier age in that

group, but there are several observers that believe



that this is true (35,36,37,29,31).

In the two control series (see Table 1), Lane-
Claypon (29) found a 5.9% increase in infertility
of the carcinoma of the breast patienis over the con-
trols, while Adair (31) found a 15% increase. These
figures are belleved to be significant, so that in-
fertility may be assoclated with a higher incidence
of carcinoma of the breast. Bogen (35) is in agree-
ment with thelir findings.

The difference between the experimental datse
found in mice and the statistics of man is difficult
to explain. The following observations may be of
some value,

1. Abnormal endocrine unbalance has been shown in
certain laboratory material to be a predisposing
factor in the formation of tumors (15,38,39,3).

2. It is reasonable to assume that a greater
number of married and childbearing women have
normal endocrine function.

3 Mice selection for enforced non-breeding 1is
not carried out on a basis which recognizes
abnormal endocrine function or animals which

are abnormal in being poor breeders.



Effect of Lactatlion and Stagnation on the Maternal

Breast

Many writers, as it was seen, describe the pro-
portion of single and married, as well as, child-
less and childbearing women with mammary carcinoms,
but a much more significant differentiation concerns
i1tself with the history of prior lactation. Cooper
(31) in 1845 stated, "Suckling diminishes the dis-
position to malignant disease of the breast". He be-
lieved that the unemployed breasts, such as found in
childless women or in those who did not nurse thelr
children, have a greater chance for developing cancer
than those who have nursed. ZLane-Claypon (29) stated
that the connection between cancer of the breast
and lactation 1lied in the absence of function. In
1932, Twart (40) went as far as to state, "Anything
contrary to nature such as over-lactation, under-
lactation or no-lactation may predispose to cancer."
In the years to follow the observers were a little
more conservative than Twart, but they stated
similar views that there is a higher incidence of car-
cinoma of the breast In women who have not lactated
than in those who have (36,34,35,3,41). Howsver,

trustworthy statistics have been lacking.



Much attentlon has been drawn to chronic mast-
itis as being one of the main predisposing conditions
of mammery carcinoma, but Ewing (42) belleves that
this theory alone 1s 1lnadequate to explein the fre-
quent incidence of cancer becsuse masny cases, that he
has seen, arlse without pronounced mastitis and so
many arise in the very early stages of mastitis. How-
ever, he stated, "Mammery cancer practically never
arises in a previocusly normel brezst, but always in
an organ altered by involutlon or inflamation." any
observers have pointed out the prominence of stagna-
tion of secretion in the cancerous breast, and
Keynes (43) has emphaslzed the part played by stagna-
in chronic mastitis. Cheatle (36) has pointed out the
importance of chronic irritation by retained secretion
in the development of cysts and pericductal fibrosis
in chronic mastitis. Adair and Fazg (44) have in-
timidated obstruction and stagnation as a factor of
prime importance relative to the subsequent develop=-
ment of breast cancer.

Stagnetion Theory:

By stagnation of the mammary system, 1t is meant

that certain definite mechanical factors produce

partial or complete blockage ¢f the duct at some



place situated between the periphery (acini) and
nipple terminus. Some causes of stagnation arse
localized outgrowth of the lining epithelium,

niople abnormalities such as inverted, puckered, ad-
herent flat nipple, etc., fiblous scars across ducts,
olugs of epithelial debris, and acute angulations of
terminal ducts,

By retention of cellular detritus of the
desquamated lining and products of degensrated milk
(as in a case of a recent pregnancy or miscarriage),
it is assumed that an inflammatory reaction is set up
in and about the duct systems (31). Infiltration by
lymphocytes and polymorphonuclear leukoytes takes
place. Keynes (43) believes the nature of this irrita-
tion is chemical., Adair (31) states that the con-
tinued presencs ¢f the cellular detritus and products
of degenerated milx in the ducts and acini causes a
stimulation of the epithelium to hyperplastic changes;
the lining cells multiply and heap up several rows
high giving the appearance of precancerous tissue.
Adair gurther believes that the precancerous areas
continue thelr growth and terminate by invasion and
infiltration with the ultimate development of true

carcinona,



According to Adair (31,44), the active as
well as the Inactive breast 1s concerned with the
normal cell regeneratlon. In the virginal breast
the lumen contains degenerated desquamated cells,
cell detritus, mucoid material and some crystals,
and this material 1s gradually pushed along from
the acinl to the terminal duect and extruded at the

nipple, providing there is no obstruction in the

pathway. This materisl by 1itself after a prolonged

period in the lumen, as in obstruction, can cause

the same hyperpvlastic changes of the ductal epithe-

lium, and hence the nullipara 1s subject to cancer-

cus changes of the breast in the same manner as the
multipara.

In the physiological active breast the des-
guamation accumulates in the lumen of the ducts
throughout the pregnancy. If the young are not
suckled a portion of sccumulated cells will remsaln
along wlth the end products of milk disintegration
( 1.0, Lactic and butyric acids), and their con-
tinued presence over a long period of years will
produce hyperplasia of the ductal eplithelium and
may lead to a true carcinomsous condition (31).

However, as yet, the exact proof is lacking which




could demonstrate thaet the retalned material act-
ing as a chemlcal lrritant will cause cellular
hyperplasisa.

Ewing (42) in the dissection of many cancerous
breasts found stagnation in the ducts leading from
cancerous areas, but in many breasts, especially the
atrophic organs, gross evidence of stagnation was not
demonstrated. According to Adair (31), lsrge amount
of inspissated or puriform material can be drawn from
many cancerous breasts, and also he has obtalned from
non~-cancerous breasts as much as 10~18 cc of a creany

material by pumping up to ten years after the birth
of the last child.
Animal Experimentation:

Artificial stagnation of milk in the ducts and
acini has been produced experimentally in mice by the
ligation of ducts or by rapid breeding with the pre-
vention of nursing. In & strein of low cancer mice
Bagg (45,46,47,48) produced breast cancer in 85% of
the young at tirth. The tumors developed at an early
age after the third or fourth litter. They appeared
suddenly at one or more points in the system of ducts,
recurred after removal and killed by metastasis. ILi-

gatlon of the ducts along one slde of the animals
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was followed by cancers iIn the breasts of that side
but not in the nursed side. MNurray (49,50), however,
found little difference In the incidence among the
females of the dllute brown stock which nursed all
or none of their liters. The effects of force breed=-
ing (i.e. rapild breeding with prevention of nursing)
in mice without the milk agent could not be confirmed
by Little and Pearsons (51), Fekete (52), as well as
by Bagg (48). Bittner (53) using mice of the low
cancer black stock, who obtained the milk agent,
found either high or low incidences depending upon
the sublimes which presented themselves. These facts
make 1t probable that the foster mothers that Bagg
used to raise the mice iIn the original study and
which later develcped marmary cancer probably trans-
ferred an extrachromosomal factor, the milk agent (53).
Bagg and Hagopian (48) postulated by the stagna-
tion theory that the prevention of nursing caused
stasis with retention of milk because of improper
drainage causing an irritating chemical effect upon
the epithelium of the mammary gland. Fekete and
Green (54) reported that more tumors developed in
the blocked than in the normal secreting glands of

dilute brown mice, but they stated that the secreting
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function of the occluded glands was found to be
normel and premature regression had occurred. Also
they stated that complete blockage of the nipple
would have little effect in the develcpment of
tumors if the stocks did not inherit the cancer sus-
ceptiblility.

Bittner (9) in studying the question of force
breeding and lactation found that the milce subjected
to force breeding showed lower incidences than did
those who were permitted to nurse their progeny. He
also found that the females which were allowed to
nurse for twelve days had the lowest incldence of any
group and had approximately the same average incidence
of any group of the normal breeders. In selecting the
mice for this experimentation he was careful to use
mice without the milk agent. He sacrificed some of
the females 12 days after giving birth to young in
order to determine the relative amount of stagnation
in the glands of females which had nursed and those
which had their young removed at birth. He found
that there was relatively little stagnation of milk
in the glands of the force breeders, but those which
had nursed for 12 days possessed glands which were

engorged with stagnated milk.
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The results of Bittner's work indicate that %
stagnation, per se., does not appear to be an im-
portant contributing cause of mammary cancer in
mice. However, in light of Bittner's esrlier work
and others (53,49,54,48), stagnation may increase
the incidence of carcinoma of the breast 1f the
animals obtain the milk agent.

Clinical Analysis:

The search for statistical evidence giving an
accurate proportion of cancerous parity who have
lactated in comparison with those who have not,

which would validete experimental date or suggest

any relatlive importance, has not been fruitful. |
Table 11 gives the percentage of parity who have a

history of lactation and those which have not, as

found in four series of carcinoma of the breast

cases.



Table 11 Distribution of Carcinoma of Breast Cases
Among Mothers Who Have Lactated and Those VWho

Have Mot.

Investi- No. of History of No History of
gators Cases lactation Lactation
Shepherd 226 90.7% 943%
(27)

Adair 126 84 .0% 16 4 0%
(31)

Lee 156 69.0% 31.0%
(34)

Lane - 207 84.6% 15.4%
Claypon

(29) , ,
Controls 238 92.5% 7e5%
(YNo CA)

b

The greater percentage of cases occur in those
women who have lactated, but again it 1s incorrect
to assume that mothers who nurse their babiles will
nave a higher incidence of carcinoma of the breast
than those who do not. 1In Table 11 the Lane-Claypon
series show that a greater percentage 7.9% of the
healthy controls nursed thelr progeny. This figure
may be significant, but more series with accurate
controls are needed before one can assume that there
is a higher incidence of carcinoma of the breast in

women who don't nurse their babies. If it could



be determined how meny women have lactated as to
those who didn't nurse in the general population, one
could determine the rate of carcinoma cases per
100,000 in both instances and then adequate evidence
sould be zailned from these statistizs. As it is,
there 1s only suggestive evidence presented which 1s
obtained from only one series that used a control.
Adair (31) in view of his stagnation theory,
broke down his number of carcinoma sases of women Who
have lactated into the normal and abnormal nursing
groups. In 106 cases he found only 8.5% gave a nor-
mal nursing history, while in 78 control cases 30%
gave a normal lactation history. It 1s suggested
from his figures that women with a history of dis-
ordered lactation have a higher incidence of carcino-
ma of the breast than do healthy controls with normal
lactation. Dargent (55) recently confirmed Adairs
Work.
Conclusion:
1. Statistical data does not bear out the ex-
perimental data in mice where there 1is a
higher 1incidence of carcinoma of the breast in
freely breeding females than in non-breeders.

2. There 1s suggestlve data that carcinoma of the




breast has a higher incidence in single and
childless than in childbearing women, although
there are no definite statistics proving this.
Also, 1t has bveen shown that Infertillty in
itself appears to be assoclated with this in-
crease.

The stagnation theory, which is retention of
cellular detritus and products of milk degenera-
tion due to obstruction and improper drainsage,
lacks exact proof that this stagnated material
in the ductal system of humens acts as a
chemical irritant and causes cellular hyper-
plasia.

Stagnation, per se., does not appear to be an im-
portant contributing cause of mammary cancer in
mice, but if an extrachromosamal agent be present
(the milk factor) rapid breeding with preven-
tion of nursing or ligation of ducts may causse
a higher incidence of carcinoma in mice.
According to two small series, women having a
history of disordered lamctaticn have a higher
incidence of carcinoma of the breast than do
healthy controls.,

The greater percentage of cases of carcinoma of



the breast occur in women who have lactated.
However, one series which used controls sug-
gests that there 1s a higher incidence in
women who don't nurse their babies, but more
statistics are needed before complete and

definite evaluastions can be made,




THE EXTRACHROMOSONMAIL FACTOR

Animal Experimentation

Demonstration of the Presence of the Milk Factor:
Slye (56), in studying neoplasms of white mice
through a number of generations pointed out the
tendency for the new growths to be transmitted ac-
cording to the Mendelian law and how it is possible,
by inbreeding the offspring of parents having
malignant growths, to produce litters in which 100%
develop neoplasms. She states that she has been
able to breed out any tendsncy for neoplasms to de-
velop. Furthermore, she believes that the tendency
to transmlt neoplasms 1s not a dominant but a reces-
sive characteristic. NMeanwhile, L:nch (57,58)
surmised from his experiments a dominant characteris-
tic and Little (59) a sex-limited dominant with
hymozogous lethal effect. Dobrovolskaga-Zavadska ja
(60) after extensive experiments came to the con=-
clusion that there exists a hereditary predlisposition
to cancer, and that the different %“Humors are con-
trolled by different, mutually iIndependent genes.
However, Bittner and his co-workers (61) dlsproved

the lendellan genetic nature as being the sole



etiologlcal factor of spontanesous mammary tumors by
reciprocal crosses between high tumor and low
tumor strains. Iemales of a high tumor strain were
crossed with males of a low tumor strain, and the av-
erage incidence of carcinoma in the progeny was 70.1%.
However, when low tumor strain females were crossed
with high tumor males, the incidencs was only 3.23%.
According to Bittner and his co-workers, this
difference represents an extrachromosomal influence.
This influence was transmitted to the following genera-
tilons, and its presence was indicated in over 1100
sscond-generation females. However, the workers
stated, "This should not be taken as denial of the
exlstence of chromosomal influence, for there is clear
evidence that such an Influence 1is also present.,"

By the use of high tumor offspring, Bittner
{62) was able to demonstrate the presence of an extra-
chromosomal influence. He observed that an even
division of mice had developed breast tumors, primary
lung tumors and the remaining were non-tumorous.
When the progeny were fostered on females that had
breast and lung carcinomas, 77% of the fostered fe=-
males developed breast cancer similar to that of the

foster mother as compared with 17% of the fostered



=3 -

females which developed lung tumors that fostered
from a mother which had a primary lung tumor. Ac-
cording to Bittner, this demonstrated that the in=-
cidence of mammary carcinoma in mice may be af-
fected by nursing and offers an explanation for the
so=called extrachromosomal influence of the develop=
ment of this neoplasm,

Hoagensen and Randall (63) showed by "foster-
ing experiments™ that they could produce an incidence
of 76.1% of mammary carcinowma in a low tumor strain
by foster nursing on high tumor strain females. In
the offspring of the formeriy low tumor strain, the
incidence persisted. However, the observers noted
that although Influence of the milk factor is trans-
mitted through successive generations, it must be re-
newed through the ingestion of milk itself for each
generation if it 1s to exert its full effect.
Hoagensen also stated that the mothers were not trans-
fering some agent other than milk, which may play a
vart In the development of carcinoma, on the basis of
finding 42.6% tumor incidence in low tumor strain
mice that were fed artificially ths milk from high
tumor strain females. He accomplished this wilth no

more that 1.0 cc of the artificially obtained milk.



It was found by Miller and Pybus (64) that
the frequency of tumors in low tumor mice fostered
by high tumor mothers In the first 24 hours was much
greater than in animals fostered alter 24 hours had
vassed. They also noted that if low tumcr mice had
spent from 8 to 12 days with their cwn mothers be-
fore vteing fostered, they were no longer susceptible
to the scticn of the milk agent, although they were
able to transmit it to their young.

Bittner (62) stetes that he has cne line of
fostered susceptilble mice started in 1934 which has
continued for over 30 generstions with an Iincldencs
of epproximetely 1%, while irn the cancerous un-
fostered line of the same stock there has been over
50 successive generations of mammary cancer, and it
has an incidence in excess of 90%. He found that if
mice of the fostered line obtaln the agent, either
by nursing or the ingestion of extracts of the
tissues from mice with the agent, these mice became
cancerous and zlive rise to cancercus lines.,
Fhysical, Chemicsl, and Eiologic FProperties of the
111k Agent:

Andervont &nd Eyran (685) claimed to have ob-
tained the agent from filtercd extracts of marmeary

tumers end likened it to & virus Iin this respect.



Other viral properties ascribed to the milk factor
include its ability to produce neutralizing anti-
bodies (65), its survival in cold, and its lack of
resistance to heat. The tumor agent when exposed

to a temperature of 61 C for 30 minutes is 1nac-
tivated, and this indicates that the ordinary
pasteurization of milk will destroy the agent (66).
Barnum and his co-workers (67) showed that the agent
1s stable at pH values between 5,0 and 10.2, and
that 1t is not 1lnactivated by petroleum, ether, or
acetone, nor was it soluble in these solvents.
Andervont and Byran (65) claimed that the agent 1is
160 times as infective by intraperitoneal administra-
tion as compared to oral ingestion. Bittner and his
co-workers (68,53) showsd that the agent persists

in association with tumor transplants by carrying it
through 10 serial passages in mice that did not
themselves carry the milk agent but only had in-~
herited susceptibility for spontaneous mammary cancer.
Bittner (69) stated that the transplantability of
mammary tumors is not dependent upon the milk agent,
for the milk agent 1is in association with the tumor.
lorphological Studies:

The actuzl sevaration and isolation of the



tumor agent was accomplished by sedimentation from
extracts of marmary glands (70) and mouse milk (71).
Barnum, et &l. (146), stated that lactating mermery
gland was a most potent source of the milk factor.
Passev, et al. (73), used the electron

microscope for studies of milk from high tumor strain
mice and described particles 20 millimicrons in dis-
meter that he had separated by ultracentrifugation.
Porter and Thompson (74) observed sohericel bodies
which had an average diameter of 130 millimicrons in
cultured mouse cercinoma cells. The uniform morpho=-
logic aspect and the assoclation of these bodies in

closely packed clumps suggested to them that the

bodies wers of extraneous origin and probably repre-
sented the virus like milk factor. Graff and his as-
sociates (75), by using digestive enzymes on milk,
claim to have successfully freed the agent and were
able to iscolate it by differential sedimentation.
They described & substance consisting of particles
that had the dimensions and vproperties of a virus.
When they Incculated it into low tumor straein mice,

carcinoma of the breast was produced.

iiode of Action:

With the vast amcunt of ressearch done on the
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milk agent the question arises, does the milk

factor alone provoke the development of carcinoma,
or is it one of several factors that exerts a com-
bined influence? Bittner (76) in his orizinal work
assigned roles of egual importance of cancer develop-
ment In mice to three influences which are hormonal
stimulation, inherited susceptibility and the milk
factor. Bittner's work was substantiated by
Andervont (77) who went on to state that some tumors
may develop in the absence of or with subthreshold
amounts of the milk influence. In such cases he pro-
posed that the deficiency 1s overcome by an increase
in hormonal stimulatlion. Heston and his workers

(78) emphasized the importance of genetic influence.
Bittner (79) states that genetic factors are in-
volved, but they are concerned with susceptibility.
Wurray and Little (80) investigated the matter and
stated, "Some extrachromosomal influence, which is
ten times as powerful as any poassible chromosomal
factor, 1is Instrumental in determining whether or not
mammary carcinome appears in the first out-cross
generations." Heston (81l) concludes his evaluation

of the relative importance of factors producing



mammary carcinoma by saying that the genes should
be plctured as having a more baslic position, with
their actions becomlng manifest through three gene-
action pathways, the first involving the milk agent,
the second the hormonal stimulation and the third the
susceptibility of the mammary glend. Bittner in
later works (9) describes another inherited factor
which is involved. He terms it the inherited hor-
monal influence. He states that it may determine
whether or not virgin females of susceptible strains
with the agent will give rise to mammary cancer, but
its effects are not needed for the development of
cancer 1in breeders because of the increased hormonal
stimulation associated with pregnancy. Bittner pos-
tulates that the mammary tumor agent may alter hor-
monal metabolism by the production on "carcinogenic
hormones", but more work is needed bhefore an evalua-
tion can be made.

Human Milk PFactor

Demonstration of 1ts Presence:

Since no inbred strains of humans exist, one 1is
forced to look at genetical studles to see if they
suggest the presence of a milk factor being trans-

mitted from mother to daughter, and generation to




generation. In 1911, Kust (82) described cancer
as being transmitted from parents to children, es-
vecially from mothers to daughters and persisting
through entire generations. Broca (83) published
an important record of a pedigree nearly a century
ago showlng apparent transmission from mother to
daughter in which four generations of females had
mammary cancer. Paget (84) in desaling with breast
cencer found famillal occurrence of cancer in 16
out of 80 patients. Another English Investigator,
Butlin (85), published a materisl cf 183 cases of
breast cancer ccllected by means of & questlon-
naire. It comprises 68 families in which hereditary
disposition to the disesse was present. There were
99 cases of malignant tumors in &ll and cancer cf the
breast preponderated with 34 cases.

In a more recent invertigation, Williams (86) in
a non=gselected series of 136 breast cancer probands
found the hereditary teint in 33 (24.2%) with 48
cases of cancer in all, 19 of which were cancer of
the breast. One hundred and one females with benign
tumors served as a basls for comparlson; smong these,
hereditary disposition was found in only 15.8%.

Viainwright (87) conducted an investigation which com=~
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prises of 784 femeles treated for cancer of the
breest, with a control of 576 sound females in

ages between 45 and 70 years. He TFound thet the
ircidence of breast cancer was four times as great
among the mothers of the cancer patients as among
the mothers of the controls. He also found that
cancer of the breast, as a cause of death, was twice
as frequent among sisters of breast cancer patients
as among sisters of sound fermales. Wassink (88),
in a Dutch study, found when the proband had cancer
of the breast, there was a considerable increase of
cancer among the female relatives and that this in-
crease was due tc & homoclogous form of tumor.
Yartynova (89), using 201 cases which had been
diagnosed by a physiclan as sure cases of cancer and
which were also exanined by herself, compared them
with 796 controls which were patients of a dental
clinic. She found that cancer of the breast was 18
times as freguent in mothers of the breast cancer
patients as in the mothers of non-cancer females.
In 28.7% of the femele relatives with & history of
cancer, the malignancy was cancer o¢f the breast
which 1s much larger than the anticipated figure of

4,7%. Jacobsen (90) in his series of 200 cancer
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patients compared with 200 controls found an ex-
cess incidence of breast cancer among the female
relatives of the patients with the exceptlion of the
grandparents. In the study of Penrose, et z2l. (30),
a significant excess of mammary cancer was found
among the maternal grandparents as compared with the
paternal grandparents, and also the excess was found
in the rest of the maternsl female relatives.

The investigatlions definitely suggest the
presence of the so~called milk factor, but none of
the series are without criticisms. lNost of the
series are criticized for doubtful dlasgnoses, loose
methods of compilation of the materials and the un-
certainity of accurate controls (30,90). However,
in spite of the lessened values, a suggestion of the
presence of the milk factor may be gained from this
vast amount of observatlonal materisl,

Morphological Properties:

After the vast amount of experimental work
done in mice, Gessler and Grey (91) demonstrated
in human cancer tilssue spherical bodlies ranging
from 80-150 millimicrons by the use of a high speed

microtome, which allows cutting of tissue 0.1 micron

thick. They stated that there was a close simularity




between these globules and the virvs of fowl sar-
coma, and they cconcluded that they were probably
dealing with a virus-like causative agent of cancer
cells. Hellwig (92) confirmed the observation of

the previocus workers that large glcbules are present
in cancer tissue bhut hesitated to accept their inter-
pretation that the particles were of extranecus
origin as postuleted by the previous investigators.
His studies revealed globular bodies in most extrécts
of tumors, as well as a definite difference 1In size
between cancerous and benign specirens. The par-
ticles in the benign tumor extracts seldom exceed

€60 millimicions in diameter where as those from
cancerocus tissue cften exceeded 80 millimicrons.
Since Hellwlg had previcusly been able to demonstrate
similar bodies in cerebrospinal fluid from persons
without tumors, he belleved that the particles with
a diameter of less than 60 millimicrons were ap-
parently normal cell constituents and represented
globular proteins rather than viruses. Iie suggested
that the lerger particles found In malignant tumors
were probable aggrevates of the cytoplasmic globules
due to an alteration in the colloidal state of the

cancer cell.



Gross, et al., (19) in a recent attempt to
find out whether spherical particles, similar to
those found in mouse milk would, perhaps, also be
found with the agid of an electron microscope in
milk obtained from women having a family record of
breast cencer. Gross and his co-workers prepared
specimens to be examined by centrifuging and digest-
ing with chymotrysin. They found spherical bodies va-
rying in cdlameter from 10 to 20 millimicrons in 10
samples of milk selected from young healthy nursing
women, having sisters, mothers, or grandmothers with
carcinoma of the breast. However, 1l samples of 32
healthy control mother's milk, whose history is free
of any malignant tumors for two generations, also dem-
onstrate similar spherical particles. They postulated
that no definite conclusions could be reached at this
time.

Zlinical Analysis:

Genetical studies, as 1t was noted, seem to suvug-
gest that some factor cculd be transmitted from
mother to daughter and from generation to generation
because:

1. An apparently higher incidence of breast cancer

occurs among mothers of cancer patients as among
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the mothers of controls.

2e Cancer of the breast appears to have & higher
incidence among sisters of cancer patients than
among sisters of sound females.

3. laternal relastives gre frequently more afflicted
with mammary cancer than are the corresponding
paternal relatives.

However, Horne (93) recently iInvestigated the question

by comparing incidence of the absence of breast feed-

ing in 88 cases of known cancer as compared with that
in 86 contrcl cases. All the women were sbout the
same age. He found that 10.2% of the cancer patients

had never recelved human milk as compared with 8.1%

of the controls. He states that it appears that a

woman may develop cancer of the breast without ever

having human milk. Whether or not the daughters of
women with mammary cancer are more likely to develop
the same dilsease, if they are nursed, has not been in-
vestigated and from his study he states that this may
not be inferred.

Thecrectical Considerations

Gross (130) states that there 1s a practical
method of prophylaxls for the prevention of the devel-

opment of mammary carcinoma in mice. He continues by



saying that isolstion of the newly born animals
from thelr tumor-agent carrying mothers and trans-
ferring them for the purpose of nursing to females
whose milk 1s free from the agent, will result in
mice living their normal life spans, and they won't
cdevelop breast tumors. Ilioreover,thelir milk is free
of the tumor agent, and they can in due time nurse
their own lltters without transmitting the agent.
However, in the mice which are allowed to nurse
from their tumcr-agent mothers a long interval occurs
betweenr the exposure and the actual appearence of the
tumor, and it may even skip generations before some
of the female offspring show manifestations of the
disease (130). The skipped generations would appear
a3 healthy females nursing their ycung, but they
would be seeding their progeny with the fatal agent.
This generastion interval, as well as the interval in
the host between exposure and actual appesarance, is
explained on the basis that the invisgsible agent is
transmitted in some inactive form, and it remains in-
sctive during most of the 1life span of the host. How-
ever, when certain conditions develop such as, those
relating to aging, or hormonal stimulation and

metabolic disturbances, or by exposure to irradiation,
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or to certain systemic poisons, the tumor agent be-
comes activated. At the present time, there 1ls no

practical method of determining the presence of the

tumor agent in the milk of the nursing female mouse
except by checking her family record for the occur- ]
rence of tumors.

As yet all observations concerning the mammary
tumor agent in mice are insufficlently demcnstrated
in humens in order to form definite generalized con- z
clusions. If a parallel with human breast carcinoma
could be drawn, a history of mammary cancer in a
family should indicate to an apparently healthy mother
that she may be seeding her female child with the

tumor factor even after a few hours of nursing, and it

would be justifiable that breast feeding in such a

case should be sabandoned from birth.

Conclusions:

1. The presence of a transmissible extrachromosomal
agent (so-called milk factor) has been demon-
strated and thoroughly describved in mice, It has
been shown that 1t is transferred through suc~-
cesslive generations of females by the milk of

mothers carrying the agent.
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By transferring feriale mice of tumor-agent
mothers btefore they have nursed to foster
mothers without the agent, the progeny will not
develop mammary carcinoma nor will they transfer
such an agent to their offsprings.
It has been demonstrated that female mice who
are nursed by sasgent-bearing mothers in the first
24 hours of life are more susceptible for the
development of carcinoma of the breast than
those who do not nurse the agent until they are
a few days old.
The physical, chemical and biologic properties
likens the agent that 1s found in mice to a
virus, and that the agent ls inactivated by
ordinary pastuerization methods.
The demonstration of the presence of such a
factor in humans 1s suggested from genetical
studies because an apparently higher incidence
of marmmary cancer which occurs;
(a) Among mothers of cancer patlents as compared
wilth mothers of controls;
(b) Among sisters of cancer patients as cou-
pared with sisters of sound and healthy fe-

males;
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(c) Among maternal relatives as compared with
paternal relatives.

The factor in human carcinoma of the breast has
not been demonstrated by the use of an slectron
microscope where as 1t has been demonstrated in
mice.

In a recent series, it has been shown that some
women may develop carcinoma of the breast with-
out ever having human milk, although 89.8% of

the cases had received human milk.




SUMMARY

The aim of this paper has been an attempt to col-
laborate statistical and experimental research con-
cerned with the effects of lactation on the incidence
of carcinoma of the maternal breast as well as iIn the
female progeny. It has been shown that mice are a
sultable animal for experimentation, for they can be
highly inbred with a known incidence of mammary carci-
noma, and theilr genetics can be held constant whille
many successlive generstions can be followed by an ob-
server. The similarities of the marmary systems of
mice and man are much more of a besic significance
than are thelr differences. It has been demonstrated
that inbreeding of mice only exsggerates the processes
found in the outbreds (similar to the human stock),
and experimentation suggests that laboratory data may
by applied with limitations to the mixed human stock.

In mice whilch are allowed to breed freely there
is a higher incidence of carcinoma of the breast than
in enforced non~breeders. However, humen data does
not bear out this experimental finding, for sug-
gestive materiasl has been obtalned from several

clinical studies that there is a higher incidence
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of carcinoma of the breast in single and childless
than in child bearing women, althouzh exact
statistical proof is lacking. It has been postu-
lated that this difference may be due in part to
zome endocrine unbalance which 1s assumed to be
more prevalent in single and childless women, and it
has been demonstrated experimentally that abnormal
endocrine unbalance 1s a predisposing factor in the
formation of tumors in laboratory material.

The stagnation theory, which is the retention
of cellular detritus and products of milk degeners-
tion in the ductal systerms due to obstruction or im-
oroper drainage, laclks exact proof that this material
acts like a chemical irritant and causes ductel hyper-
plasia which may lead to a true carcercus condition.
Experimental data in mice shows thet stegnation, per
se., does not appear to be an important contributing
cause of mammary cancer, but if the extrachromosomal
agent be present (i.e. the milk factor) rapid breed-
ing with the prevention of nursing or the ligation of

ducts, both of which cause stagnation, may cause a

higher incidence of cercinoma in mice. According to
two small clinical series, women with improper

drainage of the ductal system, which 1is assumed from
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their histories of disordered lactation, have a
higher incidence of breast carcinoma then a group

of healthy controls. Compilation of cases where a
nursing history was available revealed that the
grester percentage of cases of carcinoma or the
breast occur in women who have lactated. There is
only one of a series whiech uses a control, and this
one suggests that there 1s a higher incldence in the
viomen who 41id not nurse their bahies. However, more
statistics are needed with accurats controls before
this phase can be evaluated. Also more direct obser-
vational methods should be used with less emphssails
on heresay in the compilation of the material.

The presence of a tranamissible extrachromo-
somal agent {(so-called milk factor) has been demon-
strated and thoroughly described iIn mice, and it has
been shown to be transferred throush successive gen-
erationsg of females by the milk of mothers who possess
the agent. DTy the lmmediate fostering of the off-
spring of mothers who have the milk factor on mothers
who do not possess it, the mice which would have
develioped mammary carcinoma do not, and furthermors
they are unable to pass the factor to their progeny.

The physical, chemical and biolozical oroperties of



the milk agent have made it likened to a virus, and

[

t 1s inactivated by crdinary pasteurization methods.
The actual separation and isolation of the tumor
agent was accompiished from extracts of mammary glands
and mouse milk. VWith the use of the electron micro=-
seope, the agent was described as spherical bodles.
“hen these bodles were injected into low tumor strain
mice, carcinoma of the breast was produced.

In man such an agent has not been described nor
demonstrated by the use of the electron microscope.
Its vresence has been suggested from genetical studies
because of an appearently higher incidence of mammary
cancer occurring in mothers of cancer patients as com-
parsd with mothers of controls, in sisters of cancer
patients as compared with sisters of healthy females,
and in maternal relatives as compared with paternal
relatives. In a recent study one investigator in-
dicates that susceptibility to humen cancer 1s not
transmitted through milk, for he found that some car-
cinoma cases appear in women who heve not nursed, al-
though 89.8% of his cases had nursed. It has been
stated that two, or not even three generations, are

sufficient for tracing such a factor, 1f it were

present, because of the ability of the virus to re-
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main inactive for several generations and yet be
present in the miik. It has been postulated that it
will take from fifty to one hundred years to carry
out an accurate research program to confirm or deny

in humans the vast amount of animel experimentation.




1.

CONCLUSION

Experimental data In mice shows that stagnation
and improper drainage of milk, per se., does

not appear to be an important contributing cause
of marmary carcinoma. However, if stagnation is
produced experimentally by rapid breeding or the
ligation of ducts, and if the extrachromosomal
agent 13 present, a higher incldence may be ob-
served.

The presence of a transmissiblie extrachromoso=-
mal factor which causes the development of
mammary carcinoma in mice has been demonstrated
and thoroughly describad, and it has been shown
to be transferred through successive generations
of females through their milk.

There have been no adeguate research programs

nor accurate statistical studies published on hu-

man beings which can be offersd as definite con-
firmation or denial of the application of
oprinciples which have bYeen demonstrated in the

MOoUsSe «
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