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mucopolysaccharide excretion by the uronic 
acid content of a total ('TAR precipitate but 
did not purify this material. The purity and 
quantitative yield of the mucoprotein frac- 
tions obtained in this study are indicated by 
the equimolar ratios of hexuronic acid and 
hexosamine, by the nitrogen content and by 
the radioactivity. The fractions appear free 
of serum proteins, glycoproteins and other 
large molecules found in urine. 

Summary. A method for isolation of sul- 
fated acid mucopolysaccharides (AMPS) and 
corresponding mucoproteins from human 
urine by absorption on and precipitation with 
cetyltrimethylammonium bromide is de- 
scribed. After in vivo labelling with radio- 
sulfur nearly all of the bound radioactivity 
was found in 2 fractions, one insoluble in 
6670 alcohol and the other soluble in 6670 
alcohol, but insoluble in 84% alcohol. The 
first is essentially free AMPS containing less 
than 10% protein while the second is a mu- 
copolysaccharide-protein complex containing 
about 87% protein. Digestion of the second 
fraction with proteolytic enzymes yields a 
nondialyzable AMPS with about 2 6 3  pro- 
tein. Chemical analysis indicates no other 
high molecular weight urinary substances are 
present in these preparations. 
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The hyperplastic alveolar nodule is the rec- 
ognizable preneoplastic lesion in the mouse 
mammary gland, and tumors arise with high 
frequency when such nodules are transplanted 
into mammary fat pads which have been 
cleared of their normal parenchyma( 1) .  Nod- 
ules, in general, appear to be more responsive 
to hormones than comparable normal tissues 
( 2 )  : their very existence as lobuloalveolar 
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structures in an inactive gland is based upon 
this increased sensitivity. However, there is 
variation in sensitivity among nodules in situ 
(3,4) and among outgrowths that develop 
when these nodules are transplanted( 5) .  We 
have previously raised the question as to 
whether the neoplastic change is more likely 
to occur in hyperplastic alveolar nodules show- 
ing greater hormone sensitivity than in nod- 
ules showing lower hormone sensitivity, or 
vice versa(6) .  To examine this question, in- 
tact mice have been subjected to various 



MAMMARY NODULE HORMONE SENSITIVITY AND TUMORIGENESIS 865 

TABLE 1. Comparison of Tuniorigeiiesis from Maminary Nodules with Diff went Degrees of Lactogenic 
Response to Hormones. 

---------Donors I 7  Hosts I 

No. of nodules showing tumors/No. of Daily Duration of 
No. of Hornloile dosage treatment No. of uodules showing hyperactive outgrowth 
niice treatment (CLg) (days) mice “Milk-secreting” “Not  milk-secreting” 

5 
2 
8 
1 

4 
3 
5 

:t 
i 

5 

Total 43 
- 

Cortisol acetate 
9 9  I 9  

9 9  9 9  

Corticosterone 
acetate 

Idem 

l~eoxycorticos- 

1 dem 
Estradiol-S7p 

9 9  

tcrone acetate 

I d e m  

50 
50 
75 

500 

1000 
1500 
SO00 

1500 
single 2.5 
mg pellet 

1 

3 
5 
3 
3 

3 
3 
5 

3 
10 

10 

12 
7 

26 
4 

7 
9 

17  

10 
15 

20 

4/9 
1/5 
8/21 
0/4 

0/7 
2/9 
8/17 

2/7 
5/14 

7/18 

3/9 
3/7 
8/20 
1/3 

1/7 
1/9 

1/10 
3/10 

2/14 

4/12 

127 

steroid treatments which are capable of induc- 
ing milk secretion in many nodules(3,4). 
Nodules with and without milk secretion were 
transplanted to determine any relation be- 
tween lactogenic response and tumor-forming 
ability. 

Materials and methods. Nodules selected 
from 43 variously treated non-pregnant, mul- 
tiparous, tumor-bearing, female C3H/Crgl 
mice were transplanted into both left and 
right inguinal mammary fat pads of 127  3- 
week-old female mice; the fat  pads were 
cleared of their mammary parenchyma( 1) im- 
mediately before transplants were placed. 
Each animal received on one side a nodule 
which showed some milk secretion and on the 
other side a nodule showing little or no secre- 
tion. Thus, each host mouse comprised a 
single paired experiment. However, owing to 
the occasional occurrence of parenchymal re- 
growth as a result of incomplete removal of 
the mammary anlage, of ingrowth of paren- 
chyma from the No. 5 gland, or of failure of 
a transplant to take on one side, the number 
of successful “internally paired” experimental 
individuals was reduced. Accordingly, com- 
parison has been made of the number of tu- 
mors arising from more actively secretory 
nodules with that arising from less actively 
secreting ones in the several treatment groups. 

The various steroid hormones and dosages 
used are summarized in Table I. The steroids 
were given subcutaneously, generally as 0.2 
ml aqueous suspension (0.4 ml in the case of 

1500 pg deoxycorticosterone; as a pellet with 
approximate calculated absorption of 5 pg 
daily in one estradiol-treated group). 

The hosts were maintained as virgins and 
given no treatment during the experiment. 
Animals were killed 16-18 weeks after trans- 
plantation, or earlier if a palpable tumor ap- 
peared in the transplant area. Complete 
wholemount preparations of the mammary ap- 
paratus were made. 

Results and discussion. Mammary fat pads 
that showed any of the following were elimi- 
nated from consideration: ( 1 ) incomplete re- 
moval of the original parenchyma (“re- 
growth”) ; ( 2 )  ingrowth of normal parenchy- 
ma from the adjacent posterior (No. 5 )  gland 
sufficient to interfere with outgrowth from 
transplant ; (3) entirely normal-appearing 
outgrowths or no outgrowth from transplant. 
All successful transplants showed some hyper- 
active outgrowth ( 1 ). Several subcategories 
of growth patterns are included under hyper- 
active (hyperplastic) outgrowth: expansion of 
the original lobuloalveolar-appearing nodule 
explant ; ductal proliferation showing major 
areas of hyperplastic growth ; lobuloalveolar 
outgrowth resembling prelactational or lacta- 
tional mammary gland (cf. 1 ) . 

Table I summarizes the data from the sev- 
eral groups. Tn general, it is apparent that 
the various lactogens used did not permit dis- 
tinction of tumor-forming ability between 
those nodules showing more milk secretion 
and those showing less, The action of the 
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steroids used may be in part indirectly medi- dependence on insulin for glucose utilization 
ated through the hypophysis and certainly (Moretti, unpubl.) and, as .shown herein. de- 
would involve synergism with endogenous hy- gree Of responsiveness to lactogenic steroids. 
pophyseal hormones ( 7 ) .  Inasmuch as nodules Summary- Of mammary 

hyperplastic alveolar nodules showing various are generally identified for experimental stud- 
ies in our laboratory by nature of their secre- degrees of milk secretion as a result of prior 

treatment with lactogenic steroids revealed no tion of milk in response to a lactogenic hor- 
relationship between hormone sensitivity and rnone mixture, i t  is important to note that use 

of this response does not mean that we are tumor-forming 
selecting nodules with greater tumor-forming 
ability . 

I t  would be incorrect to conclude that there 
is no relation between hormone sensitivity and 
neoplastic potential, but only that this par- 
ticular criterion-the response of nodules to 
steroids in terms of milk secretion-indicates 
no particular relation, direct or inverse. I t  is 
possible that the degree of responsiveness of 
the nodules in situ to hormones and their 
tumor-forming ability are two independently 
variable characteristics; this would be in ac- 
cord with studies on outgrowths from trans- 
planted nodules, where there is no indication 
of a relation between degree of hormone sen- 
sitivity and frequency of tumor formation( 8 ) .  
Other properties of nodule outgrowths, includ- 
ing histologic architecture, secretory activity, 
growth rate, and chromosome number( 5.9) 
also appear to be variables which may have 
no direct relation to neoplastic potential. Ac- 
cordingly, the same may hold true for many 
properties of primary nodules in situ: mor- 
phology. mitotic index (Banerjee, mpubl.) , 
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Parabiosis has been shown to induce toler- that the parabiotic state must be preserved 
ance of homologous skin grafts between in- for a critical length of time to obtain tolerance 
bred mice( 1,2,3,4). This apparently results of homologous tissue( 7,8). This period ap- 
from a continuous transfer of all transplants- pears to vary among strains and it is also de- 
tion antigens, presumably in the form of in- pendent on the degree of histocornpatability 
tact cells( 2,3,4,5,7,8), It has been shown difference between the parabionts( 7 ) .  If the 




