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Many experiments on the development of spon- 
taneous mammary cancer in mice have demonstrated 
that an inherited susceptibility plays an important role, 
but no one has yet ascertained what the make-up of 
the character may be. Whenever inbred strains have 
been tested the results in the hybrid generations have 
been in accord with the genetic theory that the sus- 
ceptibility is transmitted as a dominant. 

In addition to the inherited susceptibility, other in- 
citing influences operate in the genesis of this type of 
neoplasia. These are the mammary tumor milk influ- 
ence and the estrogenic and associated hormones (7). 

Data have been presented on the incidence of mam- 
mary cancer in several generations of hybrid mice de- 
rived by mating animals of a high cancerous and a low 
cancerous strain (6, 7, 12). Previous reports have in- 
cluded only preliminary observations on mice of four 
backcross generations to the low cancerous stock. The 
results are now complete. 

MATERIAL AND METHOD 

The inbred A and C57 black (B) strains were used 
as the parental stocks. Spontaneous mammary carci- 
noma developed in approximately 95 per cent of the 
breeding females of the A stock (10), and in 1 per 
cent of those of the B stock (7). 

Reciprocal matings were made between mice of the 
two stocks to produce the first generation hybrids and 
these hybrids were mated i n t e r  se to give the mice of 
the following generations. In designating the cross, 
the maternal parent is always given first, as, A~ • 
Bo~=ABF, (Table I). Mice of the inbred strains and 
the hybrid generations were either nursed by their 
mothers or were fostered by females of the reciprocal 
strain. When BAF, mice were nursed by their ma- 
ternal parents of the B stock, they were called BAF1 
by B; when they were transferred soon after birth to 
females of the A stock, they were called BAF1 by A. 

* These experiments were started at the Roscoe B. Jackson 
Memorial Laboratory, Bar Harbor, Maine, and were assisted by 
grants from The Jane Coffin Childs Memorial Fund for Medical 
Research and The National Cancer Institute. 

Hybrids of the subsequent generations were always 
nursed by their mothers, but they are designated by the 
strain that nursed the mice of the first hybrid genera- 
tion. Because of the difficulty in removing the young 
born to females of cancerous strains before they had 
suckled, mice of the ABF1 by B generation were ob- 
tained as follows. The young cast by females of the 
cancerous A strain were transferred a few hours after 
birth to lactating females of the B stock. These fos- 
tered mice were used as breeders and the progeny or 
descendants of noncancerous females were mated to 
males of the B stock. The resulting hybrids were 
termed ABF1 by B. 1 Thus the milk agent was elimi- 
nated before the females of the A stock were mated. 

Mice of the backcross generations to the B stock 
were produced by mating F1 or F2 females to males of 
that strain. The hybrids were called BBC (B back- 
cross). The maternal parents are represented in the 
text by the prefix before BBC. 

The mice were continued as normal breeding fe- 
males; that is, they were permitted t o n u r s e  their 
progeny. Generally the females were removed from 
the breeding pens before their litters were born and 
were returned after their young had been weaned. 

To produce the experimental animals it was possi- 
ble either to use a large number of mothers and ob- 
tain a few young from each one, or to mate a small 
number of mothers and secure as many progeny as 
possible from each. The latter method was selected, 
although it required a longer time to acquire the mice 
and consequently delayed the final results. Because 
of the large number of animals included in the study, 
it was impossible to have all under observation at one 
time. However, mice of reciprocal generations were 
studied during the same period. 

The mice received Purina fox chow and an un- 
limited amount of water. 

Only spontaneous mammary carcinomas were tabu- 
lated. 

1 ABF1 hybrids born to females of the cancerous A stock have 
been fostered by females of the B stock. "Their incidence of 
mammary cancer was 8 per cent (8). 
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RESULTS 

Table I gives the number of mice observed in each 
stock or hybrid generation, the nursing'mol~hers, how 
the hybrids were produced, and the incidence of mam- 
mary cancer. The cancerous and noncancerous ages 
are expressed in days. 

The  breeding females of the cancerous A stock, 
born during the same interval as the hybrid animals, 
had an incidence of 95.1 per cent, and the mice of the 
fostered group of the same stock (A by B) gave 6.1 
per cent. The noncancerous fostered mice survived ap. 
proximately 120 days beyond the average cancer age of 

per cent. The  average noncancer age exceeded 600 
days. Approximately 600 F~ mice were studied. 

T h e  F2 by A group consisted of 391 animals, 277 
ABF,2 by A (77.3 per cent cancerous) and 114 BAF.,, 
by A (6913 per cent cancerous). The difference be- 
tween the incidences was 8.0 per cent (1.65 X S.E.). 
The respective cancer ages were 398 and 452 days and 
the noncancer ages 535 and 632 days. The hybrids 
descended from mothers nursed by females of the low 
cancerous stock gave incidences of 0.5 per cent (BAF._, 
by B, 401 mice) and 1.9 per cent (ABF~ by B, 152 
mice). 

TABLE ]:  1NCIDEN('E OF SPONTANEOUS MAMMARY CARCINOMA 1N FOSTERED AND NONFOSTERED FEMALES OF TIlE 

A A.XV B (C57 BI.ACK) STOCKS AND THI:.IR HYBRIDS. ALL WERE US~-:D AS BREEDERS 

Average age in days 

Stoek Nursed by Mating No. ~4 Ca. Cancer Noneaneer" 

A A A~ X Ad 972 95.1% 286 426 
ABFx by A A A~ X Bc~ 123 94.4% 336 369 
ABF~ by A ABF1 by A ABFI~ X ABF~0 ~ 277 77.3% 397 535 
ABF3 by A ABF,, by A ABF,,~ X ABF..,~ 339 67.0% 378 545 
ABF1--BBC ABFa by A ABF~ X B~ 311 60.1% 426 626 
ABF2--BBC ABF._, by A ABF~ X Bd 283 50.5% 436 669 

B A B~ X Bd 98 18.4% 420 518 
BAF~ by A A B~ X A~ 111 90.1% 346 568 
BAF2 by A BAF1 by A BAFi~ X BAFlc~ 114 69.3% 452 632 
BAF3 by A BAF~ by A BAF,_.~? X BAF~c~ 278 65.8% 388 577 

B B B~ X Bd 275 0.0% - -  489 
BAF1 by B 13 B~ X Ad 212 I).5% 435 640 
BAF2 by B BAF1 by B BAF~ X BAFld 401 0.5% 5611 639 
BAF~ by B BAF2 by B BAF..,~ X BAF~d 228 0.9% 570 633 
BAF~--BBC BAF~ by B BAF,~ X Bff 224 0.4% 526 653 
BAFr--BBC BAF2 by B BAF~.~ )K Bc~ 267 0.7% 585 653 

A B or CBA A~ X Ad' 525 6.1% 378 504 
ABF~ by B Fostered A F,,st. A~ X B~ 148 1.4% 375 651 
ABF2 by B ABF~ by B ABF~ X ABF~c~ 152 1.9% 555 657 
ABF3 by B ABF._, by B ABF,_.~ X ABF.~c~ 183 1.1% 525 639 

Total 5,521 

those of the control, or unfostered, group. The fos- 
tered mice were descended from females nursed by 
mothers of the B or CBA low cancerous strains. 

None of the breeding females of the B stock nursed 
by their maternal parents developed mammary  cancer, 
but  18.4 per cent of the mice suckled by females of the 
A stock gave rise to that type of neoplasm. Mice from 
several sublines of the B stock were probably included 
in each series. 

In the F1 population, the ABF1 by A hybrids gave 
an incidence of 94.4 per cent and the mice of the BAF1 
by A generation an incidence of 90.1 per cent. The 
respective average cancer ages were 336 and 346 days. 
The  degree of significance between the ratios was 1.21 
times the standard error (S.E.). The  BAFI by B mice 
showed growths in 0.5 per cent of the total and the ani- 
mals of the ABF1 by B group had an incidence of 1.4 

Mammary cancer developed in 67.0 per cent of the 
ABF:~ by A (378 days) and in 65.8 per cent of the 
BAF.: by A animals (388 days). The reciprocally 
nursed mice gave incidences of 1.1 per cent and 0.9 
per cent. Over 1,000 F:~ mice were observed. 

Observations on the ABF1 by A- -BBC mice re- 
sulted in an incidence of 60.I per cent at an average 
cancer age of 426 days; the incidence in BAF1 by B- -  
BBC hybrids was 0.4 per cent. When  ABF2 by A 
females were mated to males of the B stock the 
progeny (ABF., by A- -BBC)  showed tumors in 50.5 
per cent at an average age of 436 days. Mice of the 
reciprocal generations, BAF., by B--BBC, had an in- 
cidence of 0.7 per cent. 

Because no significant variation was observed in the 
incidence of mammary  cancer in the reciprocal hybrids 
nursed by females of the cancerous A stock, the data 
have been combined and presented in Table II. 
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The incidences for F1 by A and F2 by A hybrids 
were 92.3 per cent and 74.9 per cent respectively," the 
cancer ages were 341 and 612 days. 

Mice of the Fa by A generations were descended 
either from cancerous or noncancerous F.o mothers. 
Offspring of cancerous mothers gave an incidence of 
70.9 per cent and the progeny of noncancerous mothers 
had an incidence of 45.9 per cent. The  difference in 
the incidences was 25.0 per cent (5.02 X S.E.). The  
incidence for the total, 617 mice, was 66.5 per cent. 

Only cancerous mothers were used to produce the 
ABF~ by A ~ B B C  hybrids, and 60.1 per cent of the 
progeny died cancerous. The animals of the ABF2 by 

cancerous stock were used to determine the nature of 
the inherited susceptibility. For this purpose it has 
been assumed that the mice of the A stock were 
homozygous for the inherited susceptibility; mice of 
the low cancerous B stock were considered non- 
susceptible. 

There was no difference in the incidence of tumors 
recorded for the females of the A stock and the first 
generation hybrids nursed by females of the cancerous 
stock. Thus  there was little doubt regarding the domi- 
nance of the inherited susceptibility. 

The  data secured in the F2 generation were in ac- 
cord with the genetic theory that a single factor migh t  

TABLE II:  DATA FOR THE TOTAL NUMBER OF RECIPROCAL HYBRIDS NURSED BY FEMALES OF THE A STOCK. THE OBSERVATIONS FOR 

THE Fa AND ABF.o----BBC HYBRIDS ARE "I"ABULATED BY CANCEROUS AND NONCANCEROUS MOTHERS. ALL OTHERS HAD CANCEROUS 

MOTHERS. THE DIFFERENCE BETWEEN THE INCIDENCES FOR THE TOTAL NUMBER OF Ft BY A AND A B'e A MICE WAS 2 . 7 4 %  -+- 

1.50 OR 1.83 X S.E. 
Average age in days 

Stock No. + - -  % Ca. ~Ca. Nonca. ~ Standard error of difference 

ABF1 by A 123 116 7 94.4% 336 369 
BAF1 by A 111 100 11 90.1% 346 568 
Total Fa by A 234 216 18 92.3% 341 490 

ABF2 by A 277 214 63 77.3% 397 535 
BAF-, by A 114 79 35 69.3% 452 632 
Total F,_, by A 391 293 98 74.9% 412 570 

ABFa by A 339 227 112 67.0% 378 545 
BAF:, by A 278 183 95 65.8% 388 577 
Total Fa by A : 
Cancer F., mothers 508 360 148 70.9% 380 557 
Nonca. F= mothers 109 50 59 45.9% 401 565 
Total 617 410 207 66.5% 383 559 

4.22% ~ 3.49 or 1.21 X S.E. 

7.96% -+- 4.82 or 1.65 X S.E. 

1.13% -+- 3.82 or 0.30 X S.E. 

25.00% +- 4.98 or 5.02 X S.E. 

ABF1 by A--BBC 311 187 124 60.1% 426 626 

ABF., by A--BBC: 
Cancer F_o mothers 223 140 83 62.8% 435 637 
Nonca. F2 mothers 60 3 57 5.0% 480 715 
Total 283 143 140 50.5 % 437 679 

5 7 . 7 8 %  • 7.27 or 7.95 X S.E. 

A - - B B C  generation had either cancerous or non- 
cancerous mothers. The  progeny of the former were 
observed to have an incidence of 62.8 per cent and 
those with noncancerous mothers an incidence of 5.0 
per cent. 

The  hybrids nursed by females of the B stock have 
not been grouped in Table II since the incidence did 
not exceed 2 per cent in any group. 

COMPARISON OF OBSERVATIONS WITH G E N E T I C  

EXPECTATION 

The development of spontaneous mammary  cancer 
in mice has been demonstrated to result from the in- 
citing influences of intrinsic and extrinsic causes. In 
this investigation only the animals that had received 
the agent transferred in the milk of females of the 

2 The difference between the A and F 1 by A mice was 2.74 
per cent, or 1.83 X S.E.; the respective cancer ages were 285 
and 341 days. 

2 

be involved. The  incidence was 74.9 per cent for 391 
animals, and the expected ratio for one factor would be 
75 per cent. Because of this close agreement the other 
comparisons are based on the theory that the inherited 
susceptibility was a single dominant .  For the present 
it has been assumed that the animals that died non- 
cancerous were nonsusceptible. 

Forty-two F2 females were used to produce the Fa 
by A hybrids. According to genetic theory, the segre- 
gation of a single factor in individuals of the F2 
generation should give: 

One-fourth homozygous for the factor. 
One-half heterozygous, and 

One-fourth of the F2 mice would be nonsusceptible. 

Because of the small number  of animals, it would be 
improbable that mice having these various genetic con- 
stitutions would be equally distributed. Thus  the ex- 
pected incidence of cancer for the mice of the Fa by 
A generations was determined as follows: 
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(a)  All F~ males were considered to be heterozygous 
for the cancer susceptibility factor? 

(b) Noncancerous F.o mothers transmitted only the 
recessive alleles. 

(c) Cancerous F2 mothers were assumed to be 
heterozygous for the factor unless their progeny had 
an incidence of 9I per cent or higher (the average 
incidence in the mice of the F,  generation and A 
stock was 94.5 per cent). 

Based on this grouping, the expected incidence for 
the young born to cancerous mothers of the Fa by A 
hybrids would be 76.2 per cent, whereas the recorded 
incidence was 70.9 per cent. The degree of significance 
for the difference, 5.3 per cent, was 1.9 • S.E. The 
expected incidence for Fa mice with noncancerous F2 
by A mothers would be 50.0 per cent, and the observed 

gave birth to the mice of the Fa by A generation. One 
F., mother had progeny with an incidence greater than 
80 per cent. Even assuming this female to be homo- 
zygous and the others heterozygous for the susceptibil- 
ity factor, the expected incidence for the mice of this 
generation would have been only 52.9 per cent, or 9.87 
per cent (2.11 • S.E.) below the observed incidence. 
The incidences varied, by cancerous mothers, from 45.0 
to 84.6 per cent. Noncancerous F2 mothers, when 
mated to males of the low cancerous stock, had 
progeny with an incidence of 5.0 per cent; expected 
incidence 0 per cent. The genetic cancerous susceptibil- 
ities of the ABF, by A and cancerous ABF., by A 
mothers were very similar as revealed by the respective 
incidences in the backcross animals (60.1 and 62.8 
per cent). 

TABLE I I I :  INCIDENCE OF MAMMARY CANCER IN BREEDING FEMAI.FS OI5 TIlE A STOCK AND "['HEIR HYBRIDS BASED ON TltE AGE A T  

WI-IICH THE MOTHERS [)EVELOPFD CANCER. ALL MICE WERE Nt:eSl<U BY FEMAL}-S OF THE A STOCK OR WERE I)ESCENDED 
FROM SUCH MICE. PROGENY OF NONCANCEROUS MICE ARE NOT INCLUDED. TOTALS ARE GIVEN IN TABI.E 1I 

Stock 

A b y A  

ABF1 by A 
and  

BAF~ by A 

ABF._, by A 
a n d  

B A F._, by 

A BFa by 
and  

BAF.~ by 

A B F ,  by 

A BFa by 

Age of cancerous nlothers 
A 

[Tnder  300 days 301-400 days 401+  d a y s  
No. % Ca. Ca. age No. % Ca. Ca. age No. % Ca. Ca. age 

581 97.47'o 280 332 9 3 . 1 %  290 59 8 3 . 1 %  318 

110 93.6% 338 118 92.4% 341 6 66.7% 399 

132 80.3% 399 162 75.3% 411 97 67.0% 436 
A 

A 
82 79.3% 347 182 69.8% 372 244 68.9% 399 

A 

A--BBC 78 55.1% 426 126 67.5% 432 107 55.1% 417 

A--BBC 13 84.6% 336 94 68.1% 434 116 56.0% 453 

incidence was 45.9 per cent (0.61 • S.E.). If can- 
cerous mothers were considered to be homozygous 
when the incidence among their progeny was greater 
than 85 per cent, the expected incidence would be 
higher and the difference between this and the ob- 
served incidence would be mathematically significant. 

All the ABF~ mothers of the ABF~ by A- -EBC 
mice were theoretically heterozygous, and their progeny 
should have an incidence of 50 per cent if the in- 
herited susceptibility was a single dominant. The ob- 
served incidence was 60.1 per' cent and the difference 
between the ratios was 10.33 per cent • 3.99, or 
2.54 • S.E. By mothers, the incidences ranged among 
the progeny from 27.6 per cent to 83.3 per cent. 

The genetic constitutions of the F., mothers used 
to produce ABF., by A- -BBC mice may be con- 
sidered approximately the same as the F._, mothers that 

3 Al l  m a t i n g s  be tween  noncance rous  F 2 females  and  F,., males  
gave  cancerous  p rogeny ,  bu t  no  g r o u p  gave  results  i nd i ca t i ng  
tha t  any  ma le  m i g h t  be h o m o z y g o u s .  

Thus, in every comparison, either the data did not 
differ significantly from the expected ratios or the 
observed incidences were higher than would be ex- 
pected according to the theory that the inherited sus- 
ceptibility for mammary cancer may be a single domi- 
nant factor. 

INCIDENCE BY THE CANCEROUS A G E  OF THE MOTHERS 

Data have been published indicating that the age 
at which the mothers developed mammary cancer 
may influence the incidence of tumors in the progeny 
(12). Such data are given in Table II[. The mothers 
were divided into three groups according to their age 
when tumors were observed: under 300 days, 301 to 
400 days, and over 401 days. There was a tendency 
for the young born to these females to have a decreas- 
ing incidence of cancer with the increasing age of the 
mothers at the time of the development of their 
tumors. Also, the younger were the mothers when 
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they became cancerous, the earlier did tumors appear 
in their progeny. The ABF~ by A- -BBC hybrids 
were the only exceptions. Several of the groups had 
differences in the incidences of cancer that were 
statistically significant. 

INCIDENCE OF MAMMARY CANCER BY LITTERS 

From inspection of the records in these experiments 
it was apparent that there might  be an increase in the 
incidence in the mice born in consecutive litters. To 
determine how the litters should be grouped for such 
a tabulation, mice of the F2 and Fa generations with 
cancerous mothers were combined to give as many 
animals as possible (899). The incidence for these 

tions were great enough, with the number  of mice 
studied, to be significant only in the F~ and Fa hybrids. 
In these groups, earlier average cancer ages were ob- 
served also for the animals with the higher incidences. 

SUMMARY OF EXPERIMENTAL D A T A  

Approximately 4,000 hybrid females descended from 
reciprocal matings between parents of the cancerous 
A and low cancerous B (C57 black) stocks were 
studied to determine the make-up of the inherited sus- 
ceptibility for mammary  carcinoma in mice. Few 
spontaneous tumors were observed in the mice nursed 
by females of the low cancerous stock. The  hybrids 
descended from mothers nursed by females of the can- 

TABI.E IV: INCIDENCE OF MAMMARY CANCER 1N MICE BORN 

Born 1st anti 2nd litters 

Total F~ by A = A B F ,  by A 

Average age, 
(lays 

. ~ , ~  
Stock * No. % Ca. ~Ca. Nonca? 

A by A 446 96.2% 286 43t 

Total F, by A 143 88.1% 355 507 

Total F._, by A 159 71.1% 400 573 

Total Fa by A: 
Cancer F._. mothers 173 56.1% 408 574 
Nonca. F~ mothers 38 28.9% q 14 546 
Total 211 51.2% 409 567 

ABF1 by A--BBC 106 55.7% 410 658 

ABF~ by A--BBC: 
Cancer F~ mothers 66 60.6% 427 685 
Nonca. F._, mothers 23 8.7% 477 725 
Total 89 47.2% 429 71)2 

and BAF~ by A; see Table I l l .  

1N SUCCESSlVF LITTERS. TOTAI.S ARt- GIVEN IN TABLE II 

Born 3rd and following litters 

Average age, 
(lays 

r ~ a 
No. % Ca. Ca. Nonea. 

526 94.1% 285 423 

91 98.9% 321 212 

232 77.6% 420 552 

335 78.6% 370 539 
71 54.9% 398 582 

406 74.4% 373 552 

205 62.4% 433 607 

157 63.7% 439 615 
37 2.7% 486 709 

194 52.1% 439 652 

groups was 74.9 and 70.9 per cent; the degree of 
significance was 1.36 • S.C. The following incidences 
were secured in the mice born by litters: first and sec- 
ond, 63.3 per cent, third and fourth, 78.6 per cent; and 
fourth and following litters, 77.5 per cent. Thus the 
mice were grouped according to those born in the first 
and second litters and the third and following litters. 
The number of mice in some generations was too 
Small to make other divisions; also, mice developing 
tumors at an early age seldom had more than three 
or four litters. These results have been presented in 
Table IV. 

Mice of the A stock had progeny with the same 
incidence and average cancer age regardless of the 
litter in which they were born. 

Increases in the incidence of cancer were noticed in 
mice of all hybrid generations ~ when they were born 
in the third and following litters. However, the varia- 

4 Mice that had mothers from the B stock but were nursed by 
females of the A strain were classified by the litter born to the 
foster mother. No intrauterine influence was observed. 

cerous stock had incidences in accord with the genetic 
theory that the inherited susceptibility is transmitted 
as a single dominant .  The incidence of mammary  
cancer was influenced by the age at which the mothers 
developed spontaneous tumors and by the litter in 
which the young were born. 

1)I SCUSS10N 

Because mammary  cancers were found to develop 
in a high percentage of the mice of some strains, 
whereas few animals of other stocks had tmnors, it 
was asserted by the early workers that  the inherited 
constitution of the host is one of the primary factors 
in the genesis of such growths. The  role of the 
estrogenic hormones was recognized by studying the 
incidence in virgin, breeding, and ovariectomized fe- 
males, by the transplantation of ovaries into castrated 
males, and by the injection of estrogens (for literature, 
see 13, 15, 19). 

As soon as hybrid crosses were made between in- 
bred strains of mice it was demonstrated that some 
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maternal or extrachromosomal influence also must be 
considered (25). This was found to be transferred in 
the milk of females of cancerous strains, and is prob- 
ably a virus (5, 9, 11, 13, 27). 

Following the discovery of the extrachromosomal 
influence, some doubt existed regarding the role of 
the intrinsic factor in the development of mam- 
mary cancer in mice. Murray and Little (23) con- 
cluded that the maternal influence is 6 to 10 times 
more important than any possible chromosomal factor 
and that the tendency to have mammary cancer is 
not mendelian in nature (24). As soon as experiments 
on foster nursing had been completed it was evident 
that inherited susceptibility was an important factor 
(7).  Also, that tumors resulting in nonsusceptible 
animals may have a different etiology from those 
developing in susceptible mice (13). Andervont (1, 2) 
stated that there are different degrees of susceptibility 
to mammary cancer, which are influenced by factors 
introduced into hybrid crosses by males of resistant 
strains. Making use of foster nursing, Murray (22) 
concluded that the development of mammary cancer in 
mice of inbred strains and their hybrids "may be 
reasonably explained upon the basis of the strength of 
the milk stimulus which the mice receive and the re- 
sistance of the physiological systems produced by these 
matings to various concentrations of the milk 
stimulus." r, 

Murray failed to mention in this connection the 
action of the estrogenic hormones in the production of 
mammary cancer, although he was one of the first to 
point out their importance (20, 21). 

As far as can be demonstrated from the data now 
available, hormonal stimulation, inherited susceptibil- 
ity, and the milk agent are of approximately equal im- 
portance in the etiology of mammary cancer in mice of 
known genetic constitution under normal conditions 
(13). That is, any one of the three factors or influ- 
ences may be completely determining in its effects. 
Susceptible mice without the milk agent will have ap- 
proximately the same incidence as nonsusceptible 
animals, etc. 

Recently Fekete and Little (14) have concluded 
that, in addition, an intrauterine influence may be in- 
volved in the production of mammary cancer. In 
their experiment fertilized ova from females of the 
C57 black stock were transferred to the uteri of females 
of the dilute brown cancerous stock. Fourteen C57 
black females were born from transferred ova. They 

To define the physiological system, Murray wrote: "If the 
genetic theory is accepted, each individual is a physiological 
system the make-up of which is primarily determined by its 
genetic constitution. 

'Genetic constitution' is here interpreted as being the interac- 
tion of the total number of genes which the individual inherits." 

were nursed by the dilute brown females and received 
the active milk agent. One was kept as a virgin female 
and three were mated but had no progeny. All died 
noncancerous. The others were forced-bred, the "func- 
tional test" of Bagg (4),  during part of the breeding 
period; 5, or 50 per cent, developed spontaneous mam- 
mary cancer. Ninety-three mice born to or descended 
from the transferred-ova C57 black females were 
found by Fekete and Little to have an incidence of 
73 per cent. These animals would not have the 
uterine influence of the females of the cancerous 
stock. 

Various incidences of cancer have been reported in 
mice of the C57 black stock. The incidence did not 
exceed 1 per cent in breeding females that nursed 
their young (17), or in forced breeders that did not 
have the active milk influence (18). When mice of 
this strain were fostered by females of cancerous 
strains, incidences from 9 per cent (22) to 13 per cent 
(26) have been reported in virgin females. The inci- 
dence described in this report was 18.4 per cent for 
fostered females that nursed their young. When foster 
nursing and forced breeding were employed, Bagg (3) 
reported an incidence of 50 per cent, and Andervont 
(2) found an incidence of 63 per cent in C57 black 
females. In analyzing such results it should be recalled 
that Gardner (16) found forced breeding to produce a 
higher incidence of mammary tumors in the same 
stock than did the injection of estrogenic hormones. 

Any intrauterine influence should function in hybrid 
animals as well as in mice of inbred strains, but no 
evidence for such an effect could be found in hybrids 
of the cross between the cancerous A and low can- 
cerous C57 black stocks (12). Murray (22) observed 
that those born of C57 black mothers and dilute brown 
fathers, but nursed by dilute brown females, gave an 
incidence of 65 per cent, whereas the hybrids born to 
and nursed by dilute brown females were reported by 
Murray and Little (23) to have an incidence of 40 
per cent. 6 

In an attempt to determine how the inherited sus- 
ceptibility for mammary cancer in mice may be in- 
herited, reciprocal matings were made between mice 
of the cancerous A and low cancerous C57 black 
stocks. The A stock had been inbred for over 60 gen- 
erations and over 45 successive generations of cancer 
have been observed. The mice of this strain were 
probably as homozygous for any character as they 
could possibly be made. In breeding females the inci- 
dence of spontaneous cancer was 95 per cent. None 
of the C57 black mice used as controls had tumors. 

Mice of the first hybrid generation either nursed 
their mothers or were fostered by females of the 

6 These data may not be comparable, since the two groups 
were observed at different periods and in different laboratories. 
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reciprocal strain. They were used as breeding females 
to insure an adequate estrogenic stimulation, as a 
previous experiment demonstrated that virgin females 
would develop few neoplasms (6). 

Few of the hybrids nursed by females of the low 
cancerous stock had mammary carcinoma and thus 
were of little value in determining the nature of the 
inherited susceptibility. There was no apparent dif- 
ference in the results of the animals born to mothers 
of the two strains, provided they did not receive the 
active milk influence. 

There was no significant difference between the inci- 
dence of the first generation hybrids born to B stock 
mothers but nursed by females of the A stock, and 
those born to and nursed by mothers of the A strain. 
Likewise, the results in the F2 and F3 generations were 
similar. When the incidence for the entire F1 popula- 
tion was tabulated it was found to be approximately 
the same as was observed for breeding females of the 
high cancerous stock. In the other hybrid generations 
the results either were in accord with the genetic 
theory for a single dominant factor, or more tumors 
were observed than would be expected. 

When mice of the C57 black stock were nursed by 
their maternal parents mammary tumors either did not 
develop, or the incidence was very low. Because of 
their resistance, we have considered the mice of this 
strain to be nonsusceptible to the development of spon- 
taneous mammary cancer. If mice of this strain were 
fostered by females of the cancerous A stock, the inci- 
dence increased to 18.4 per cent. If these mice were 
nonsusceptible, the active milk agent and the estrogenic 
stimulation were able to overcome the threshold of 
nonsusceptibility in nearly 20 per cent of the fostered 
C57 blacks and produce tumors. 

In view of the fact that tumors resulted in some of 
the so-called nonsusceptible C57 black mice with the 
milk influence, it seemed probable that some of the 
nonsusceptible hybrids also had tumors. Because these 
hybrids were somatically cancerous, they were con- 
sidered to be genetically cancerous; that is, they were 
tabulated as having inherited the susceptibility. 

The mice of the F2 generations with the active milk 
influence had an incidence of 74.9 per cent. How 
many of the animals were nonsusceptible and devel- 
oped spontaneous tumors because of the action of the 
milk agent and the estrogens is problematical. As 
nearly 20 per cent of the C57 black mice with the milk 
influence had neoplasms, one might expect the same 
percentage of nonsusceptible F2 by A hybrids to die 
cancerous. If this was the case, of the 391 F., ani- 
mals, 293 would theoretically be susceptible if a single 
factor was involved and would be expected to develop 
mammary cancer, while 20 of the nonsusceptible mice 
might have succumbed to the disease. On this basis, 

we should expect 80.1 per cent to show the condition. 
This was 5.2 per cent higher than the observed inci- 
dence (1.74 • S.E.). 

If the susceptibility for mammary cancer was due to 
two independent dominant factors, the incidence of the 
disease would be the same in mice of the susceptible 
stock and hybrids of the first hybrid generations with 
the active agent. According to the theory of inde- 
pendent assortment, there should.be 9 genetically can- 
cerous animals to 7 nonsusceptible mice in the F2 popu- 
lation, or a cancerous percentage of 56.3 per cent. We 
might also assume that about 20 per cent of the non- 
susceptible animals would give rise to cancer, which 
would increase the incidence for the group to approxi- 
mately 65 per cent. Both these ratios would be below 
the observed incidence. If two factors were trans- 
mitted, 1 of 16 of the F._, mice would theoretically 
have the same genetic constitution as the mice of the 
nonsusceptible stock. Six out of 16 of the group of F2 
nonsusceptible mice would have one of the susceptibil- 
ity factors either in the homozygous or heterozygous 
condition. If about 20 per cent of the nonsusceptible 
C57 black mice with the milk agent gave rise to cancer, 
it should be justifiable to expect a higher incidence in 
the animals with one of the two susceptibility factors. 
Should the incidence approach 40 per cent, the inci- 
dence for the entire F2 population would be about 73 
per cent on the assumption that two dominant factors 
were involved. This ratio was apwoximately the same 
as the observed incidence. 

The determination of the number of susceptibility 
factors was made more difficult by the fact that the 
incidence of mammary cancer in the breeding femalee 
of the inbred A stock, and in most of the hybrid 
generations, was influenced by the age at which tumors 
developed in the mothers and by the litter in which 
the progeny were born. In some groups the age of 
the mothers at the time they became cancerous seemed 
to be of more importance than the litter number. 
Generally the groups with the higher incidence had the 
lower average tumor age. 

It is doubtful if all the mice used in the study had 
the same level of estrogenic stimulation, although they 
were all maintained as breeders. The animals with 
the largest number of litters presumably produced the 
most estrogens. Generally such mice had the oldest 
average tumor age. Thus it is improbable that the 
observed variations in the incidences of cancer could 
have resulted from differences in individual production 
of the hormones. The effect might be explained by 
assuming that the females with a more concentrated 
milk agent gave rise to cancer at earlier ages, and that 
the concentration of the agent was enhanced with the 
increasing age and reproductive activity of the females. 

Although the data secured in the hybrids could best 
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be exp la ined  on  the  t heo ry  tha t  the  i nhe r i t ed  sus- 

cept ibi l i ty  to spon t aneous  m a m m a r y  cancer  is t rans-  

m i t t e d  as a s ingle  d o m i n a n t ,  it is p robable  t h a t m u l t i -  
pie factors  were  involved .  T h e  inc i t ing  inf luences of the  
a g e n t  t r ans fe r red  in the  m i l k  of females  of  the  can- 

cerous  stock,  and  the  es t rogenic  h o r m o n e s ,  f u n c t i o n e d  

in o v e r c o m i n g  the  t h r e sho ld  of  nonsuscep t ib i l i ty  in a 
cons ide rab le  p r o p o r t i o n  of  these mice  a n d  resul ted  in 

the  d e v e l o p m e n t  of m a m m a r y  ca r c inoma .  T h i s  wou ld .  
i m p l y  tha t  the  et iological  factors  were  no t  ident ical  in 

the  genesis  of  all g r o w t h  s of  this type.  T h e  n u m b e r  

of  factors  t r a n s m i t t e d  cou ld  no t  be e s t ima ted  because 

it was  imposs ib le  to d e t e r m i n e  h o w  m a n y  of the  
cance rous  mice  were  genet ica l ly  noncance rous .  I f  m a n y  
factors  we re  involved ,  the  possibi l i ty  exis ted tha t  some  

were  c o m m o n  to the  mice  of  the  two  pa ren ta l  stocks.  

CONCLUSIONS 

As prev ious ly  d e t e r m i n e d ,  the  genesis  of spon t aneous  

m a m m a r y  t u m o r s  in mice  is d e p e n d e n t  u p o n  the  in- 

c i t ing  effects of the  m a m m a r y  t u m o r  m i l k  agent ,  the  
m a m m a r y  t u m o r  i nhe r i t ed  suscept ibi l i ty ,  a n d  the  m a m -  

m a r y  t u m o r  es t rogenic  s t imu la t i on .  
T h e  d e t e r m i n i n g  effect of  any  one  of these three  

factors  or  inf luences was abou t  equal .  

In  this s tudy  the  i n h e r i t e d  suscept ibi l i ty  to spon- 
t a n e o u s  m a m m a r y  cancer  in mice  was  t r a n s m i t t e d  by 

males  a n d  females  of the  cancerous  or  suscept ible  

s tock.  
T h e  da ta  ob ta ined  in the  hyb r id  and  backcross  gen-  

e ra t ions  were  in accord w i t h  the  gene t ic  theory  tha t  it 

m i g h t  be a s ingle  d o m i n a n t  factor,  b u t  o the r  explana-  

t ions  are possible.  
T h e  p r o g e n y  of  cance rous  females  of  the  second 

h y b r i d  g e n e r a t i o n  h a d  a h i g h e r  inc idence  of  cancer  

t h a n  d id  the  p r o g e n y  of  n o n c a n c e r o u s  mo the r s .  

T h e  inc idence  of  m a m m a r y  cancer  in the  p r o g e n y  
was in f luenced  by the  age at  w h i c h  the  m o t h e r s  de- 

ve loped  t u m o r s .  
T h e  l i t ter  in  w h i c h  the  mice  were  b o r n  in f luenced  

the  inc idence  of  cancer .  

T h e  concen t r a t i on  of  the  m i l k  agen t  m a y  increase 
w i t h  inc reas ing  age of  the  m o t h e r s .  

N o  i n t r a u t e r i n e  inf luence  cou ld  be d e m o n s t r a t e d  

in these  studies.  
A cons iderab le  pe rcen t age  of the  mice  of  a low 

cance rous  or  nonsuscep t ib l e  s t ra in  tha t  received the  

act ive m i l k  agen t  deve loped  m a m m a r y  ca rc inoma .  
T h i s  obse rva t ion  p robab ly  indicates  tha t  some  of  

the  cance rous  an ima l s  of  the  h y b r i d  gene ra t ions  were  

gene t ica l ly  n o n c a n c e r o u s  or  nonsuscep t ib le .  

Because  some  hyb r id  mice  tha t  we re  somat ica l ly  can- 

cerous  were  no t  genet ica l ly  cancerous ,  it was  imposs ib le  
to d e t e r m i n e  the  n u m b e r  of  factors t r a n s m i t t e d  bu t  it 
is p robab le  tha t  m u l t i p l e  factors  are invo lved .  
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