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Relation of Mammary Tumors to Maminotropes.* 111. Hormone 
Respoiisiveness of Transplaiitcd Maininary Tumors. (25623) 

UNTAE KIM, JACOB E’UKTII AND KELLY H. (‘LIFTON 

ChildrPn’a C‘nnrPr. Re\unr.c-h Fn. ,  Children’! Slt~tl icnl Center,  Bo) ton ,  Mars., and Roc~ot*ll Park 
.2feniorinl In\!  , I3rrfinlo, S. 1’. 

The first paper of this series( 1) reported in- 
duction of mammary carcinoma (>IT) in rats 
by 3-methylcholanthrene ( 3 - A K A ) .  The sec- 
ond paper ( 2 )  described responsiveness of pri- 
mary tumors to hormones. Both papers indi- 
cate a major role of the mammotrope ( N t )  
in induction and growth of mammary tumors 
( M T )  of the rat. A subcarcinogenic dose of 
3-1ICA caused RIT only in rats whose mam- 
mary gland was stimulated by mammotropic 
hormone ( >ltH),  provided by grafts of mani- 
niotropic tumors ( J l t T )  . Ovariectomy and 
hypophysectomy retarded many and com- 
pletely arrested some primary MT.  Grafts 
of functional M t T  (i.e., X t H )  caused resump- 
tion of tumor growth. The purpose of this 
study was ( a )  to determine whether primary 
grafted XIT would respond to hormonal influ- 
ences in the same way as original tumors on 
their natural hosts, ( b )  to develop responsive 
and autonomous MT of diverse types for 
screening procedures and chemicals of pos- 
sible therapeutic value and (c) to analyze 
further the role of l l t  in maintaining growth 
of 1IT.t 

Adethods. The grafts were made either by 
S.C. injection of tumor mince, or by placing 
tumor fragments in S.C. pockets. Large tumor 
fragments yield tumors faster than injection 
of tumor mince, but the latter is a more con- 
venient procedure when large numbers of ani- 
mals are needed. In each group 6 to 10 rats, 
50 to 60 days old! were used. Thirty-three in- 
duced tumors were biopsied. Parts of the tu- 
mors were sectioned and studied histologi- 
cally, parts grafted on variously conditioned 
and normal rats of the strain of origin. 

* This investigation supported by contract 
(CCNSC) and grant from Xat. Cancer Inst. 

t For tumor and host strains, procedures and key 
references see preceding papers( 1 ,2  ) . Adrenalecto- 
mized rats were maintained on 1% NaCl in drink- 
ing water. The grafted M T  strains were named after 
the number of animal in which tumors arose. 

Results. Table I summarizes results of 3 1 
transplantation experiments of 2 2 strains of 
3-11C‘A induced tumors in F/Fu rats. All 
tumors were autonomous in that they grew in 
normal males as well as females, but, with rare 
exceptions, all exhibited solme degree of hor- 
monal responsiveness as indicated by slower 
growth rates in males than in females. Table I 
indicates a marked decrease in latency periods 
in the course of subpassages in both females 
and males. However, summating data ob- 
scures the marked individual differences in 
growth rates of tumors in males and females, 
the magnitude of which is a good lead on de- 
gree of estrogen responsiveness of a given 
mammary tumor. Some &!IT strains were 
highly estrogen responsive, others were entire- 
ly estrogen independent. Most of them were 
in between (Table 11). Loss in degree of 
responsiveness and increase in growth rate 
are characteristic features of most, if not all 
;\IT of this series (Table 1,II) .  

Table I11 compares first and second pas- 
sage of 3-14CA induced MT in W/Fu rats. 
Acceptance of the graft by all 405 W/Fu fe- 
males (Tables 111, IV) indicates a practical 
hsmozygocity of this strain, while failure of 7 
males to accept similar grafts indicates occa- 
sional marked hormonal (estrogen) respon- 
siveness. This vanished, however, on the next 
passage. 

Half of the W/BTu tumors were fully au- 
tonomous in the original grafts (i.e., there was 
no difference in latency period between males 
and females) : half were hormone responsive, 
a6 indicated either by failure to take in males 
or by longer latency periods and smaller size 
of tumors in males. 

A smaller number of M T  arising in irradi- 
ated W/FL, rats (Table IV) and of spontane- 
ous &IT of both rat  strains (Table V) were 
also studied. While 3-MCA induced tumors 
were almost all carcinomas, most of those in- 
duced by radiation were fibroadenomas (3).  
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TABLE I. Comparison of First and Subsequent Passages of Mammary Tumors in WI’V,, Rats, 
Induced bv 3-MCA. 

~ - ~~ 

f------- Females 7 T Males 7 

I \ Tumor s o .  of Tumor No. of 
No. of rats No. of rats 

Passage cxp. Grafted Tumor latency* exp. Grafted Tumor latency” 

1st 2 1  193 191 (25-108) 11 66 64 (35-172) 
51 97 

32 5 2  
2nd 7 1 3  7 137 (15-59) 8 6.5 63 (22-87) 

,i rd  2 66 6G 
4th 1 40 40 

Total 31 43 G 4\34 19 13 1 127 

* days 

TABLE XI. Degree of Responsiveness of Grafted 
Tumors. 

Degree of 1st passage 2nd passage 
response* No. of strains No. of strains 

None 3 3 
Slight 2 1 
Moderate 2 1 
Marked 3 1 

4: Rating was as follows: “Unresponsive” tumors 
were rated those which had about the same latency 
periods in males as in females ; “slightly responsive” 
those tumors in which latency period in males was 
longer by not more than S O % ;  “moderately respon- 
sive” those in which this period in males was more 
than doublc ; and “highly responsive” those with 
latency periods in males more than triple that in 
females. 

Of 6 radiation induced tumors selected for se- 
rial transplantation, 3 were carcinomas and 3 
were fibroadenomas (Table IV).  All car- 
cinorna strains of the W/Fu rats were fully 
autoiiomous (grew equally in males and fe- 
males); of the 2 fibroadenomas studied, one 
was fully autonomous and the other grew 

passage 4 days. Latency period of another 
strain was 30 days in first passage and 18 days 
in second passage. 

Hormonal influence. Maximal inhibition of 
MT in FjETu rats was obtained by hypophy- 
sectomy, somewhat less by ovariectomy, and 
almost none by adrenalectomy (Table VI).  
Excellent stimulation of M T  growth was ob- 
tained by MtT grafts (MtH) ,  

MtH (MtT) can even overcome the ex- 
treme inhibition in males, which is probably 

‘ 

due to androgens (Fig. 2 ) .  In experiments 
shown in Fig. 1, ovariectomy and hypophysec- 
tomy were performed on groups of 6 rats 
when the grafted M T  measured 7 to1 10 mm. 
Six matched tumor-bearing rats were left as 

TABLE IV. Summary of Transplantation Data of 
Mammary Tumors Occurring in X-radiated W/m 

Rats.+ 

,-Females----, ---- Males --, 
No. of No. rats No. of No. rats 

Type Passage strains grafted” strains grafted* 

slightly better in females. Considered as a Ca 1 3 110 2 16 
group, W/., MT strains were less hormone 2 2 3s 1 8 

than F/IB7,, strains. In  one W/Byl, strain latency 9 199 5 37 

3 1 8 
3 50 2 13 responsive and had shorter latency periods 

period of the primary graft was 15  da,ys, that 

Fibroad. 

- 
of the first passage 6 days, and of the second ’k ,411 grew. t Obtained from Dr. c. J. Shcllabarger- 

’FABLE 111. Comparison of First and Second Passage of Mammary Tumors of 3-MCA Treated 

r- Females ------, I - Males 3 

No. of No. rats No. of No. rats 
:Passage strains grafted* Latency, days strains grafted No. C Latency, days 

W/T.-,, Rats. 

1 9 t  206 (2 1-84) 6 47 40 (21-2.53) 
40 94 

2 3 54 2 18 18 

2: All grew. t 8 carcinoma and 1 fibroadenoma strains. 



TAHLE i-. Transplantation of Spontaneous Mammarv Tumors. 

r--- Females ----, ,---- Males ------, 
R a t  s o .  of so. Latency, No. of No. Latency, 

strain Tumor  type Passage passage inj. So 4- days passage inj:’: days 

F 8  Fibroad. Primary 2 3 8 38 1 J 

W1 1 10 10 60 1 1s 60 
1st suhp.  1 .i 5 3 .$ 3 8 

cz’ 7 Ca Primary 1 17 IS 2-30 1 7 2.10 
1 s t sub 11. 1 20 70 \I 0 1 5 .10 

12‘ 8 P r i ni ;I r J 1 1s 1s 56 
1 S t  whp.  1 1 2  1 2  0 5 1 12  9.5 

7, ,, 

3 7  

.I -411 gren.. 

coil trols. The points i n  Fig. I rel’rtwnt aver- 
ages. S o t c  sharp resumption of tumor 
growth, following inhibition by operative pro- 
cedures, ul)on subsequent 3 I tT  grafts. 

In experiments shown in Fig. 2 .  grafted > I T  
grew exceedingly slowly in 10 normal male 
rats. 56 days after 3IT graft, when the tu- 
mors were barely palpable, 3 I tT  was grafted 
on 5 ;\IT bearing rats. 1IT growth was mark- 
edly accelerated by 3 I t T  (AItH) but re- 
mained slow without it.  

In one experiment (Fig. 3 ) .  20 rats bearing 
M T  were divided in 2 groups when tumors 
measured about 7 mm; 10 rats were grafted 
with XltT, 10 remained as controls. Hypo- 
physectomy was performed on all 20 rats 19 
days later. &IT on 10 rats bearing IltT grew 
progressively, while in those without 31 t T ,  
shrank progressively. M t T  ( AItH) was neces- 
sary to maintain progressive growth of these 
MT in absence of the pituitary. However, the 
figures in Table \/I are somewhat deceptive. 
‘The stimulating effect of M t H  on ull tumors 

TABLE JT. Hormonal I n  t’luenccs in Graftcd Mam- 
marv Carcinomas in F / ,  ,I Rat\ .  

2 
Inhibition - - - ,  5 2 

Ovex Hypcx Adrex Androg.* s-&’ .3 
f----- 

No. of strains 8 9 4 10 7 
No. of rats 47 78 18 88 46 
N o .  of exp. (1 12 4 14 8 
Effects: 

None 1 1 .i . < (3 ) t  0 
Slight 3 > 1 l (3)  0 
Moderate 1 ? 0 4(3)  1 
Marked 3 6 0 4(4)  7 

* Cornparati\ gi o n  t h  of tumors in normal m a l c i  
vs females 

t First figure intlicatc\ ~ ) r o I o n c ~ t i o n  of I a t c n c ~  
period, fi5urc in parenthesis inhibition o f  tumcir 
growth (size) in males V T  iemales. 

listed i n  ‘l’able \‘I is due to the fact that  only 
those tumor strains which responded to ovari- 
ectoniy or hylq~hysectoniy were challenged 
by AItT grafts. 

Differences in latency 1)eriods ljetween 
males and females are probably due to differ- 
ences in estrogen levels. Ovariectomy is more 
effective than would be expected on the basis 
of growth inhibition in males. This can be 
well explained by differences in estrogen lev- 
els. 

There was no close relation between latency 
periods and hormone responsiveness; e.g., F7 
(Table V I I ) .  a non-responsive strain, had a 
latency of 2 7  days; 3 highly responsive 
strains (F5, F9, F10) had about the same 
latency periods ( 2  5-3 5 days).  

Table 1-11 attempts to answer the question 
whet her hormone responsivenes of grafted 
11T’s is similar to that of original tumors 
from &hich they were derived. Response to 
ovariectomy of original M T  and first genera- 
tion grafts was made in 3 cases, response to 
hypophysectomy in 5. There was excellent 
conformity between behavior of the original 
tumors and first generation grafts in 5 cases; 
in  2 there was a slight drop, and in 1 a slight 
gain in hormone responsiveness. On  second 
passage, 2 tumors still remained highly re- 
sponsive and 2 gained markedly in autonomy. 
Response to ovariectomy was compared to 
that of hypophysectomy in 6 first generation 
grafts, and in one 2nd generation graft. There 
was good conformity in all. 

Table VTTI summarizes the degree of holr- 
monal influences on all grafted MT studied 
‘ I ’ h t h  greatest inhibition was obtained by hypo- 
~~hj -sec tomy;  the least by adrenalectomy. The  
specificity of slight inhibition by the latter 
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FIG.  1. Rff e c t  of ovariectmng alld hypophpscc- 
toniy on  grafts of 3-MCA iiidixctil nianlnltlry c a r  
c~iiioiua (S t ra in  FIO) i n  fei1i:ilcl rats. Each poilit 
rcyreseiits avg of 6-10 rats. Kote regrwxion o i  
tiniiors following surgery andl iwminptioii of  growth 
f 0110 wing grafts of n M tT (supplying M t 11). 

FTG. 2. Exceedingly slow growth of mammarg 
carcinonia  (Strain F10) in 20 normal males (thc 
point representing avg values) and  marked stimn- 
la t ion of their growth i n  10 of these rats followitig 
grafts of NtT. 

FIG. 3 .  &laintellance of progressive growth of 
MT in hyp)oplivsecto~nize.d mts  t h a t  had receivctl 
3ltT graft  19 days earlier :tnd slii.iiikagc of MT in 
those witlloiit it. The points ;ire avg values on 1:) 
rats. 

(with one exception) is altogether doubtful. 
Comments. Use of large numbers of rats 

in this transplantation series was necessitated 
by our aim to find stable estrogen-responsive 
tumor strains with varying grades of respon- 

TARLE VTT. Comparison of Kesponsiveness of 
Original "JS Grafted Tumor. 

Response* to 
Strain Ovex HYPX 

Orig . 
Graft T 
Orig. 
Graft 1 
Orin. 
Graft I 

Orig. 
Graft I 

()rig. 

Orig. 
Graft I 
Orig. 
Graft 1 

Orig. 
Graft 1 

Orig. 
Graft I 
Orig. 
Graft 1 

" TI 

' 1  ri 

(;raft I 

,, I1 

" TI 

+ + 
+ 4- 

-t+ t 

-I- t- t 

0 

-t -t-t 

+++ 
+++ ++ 

+++ 
++ +++ 

-+ 
-t+4 ++ 
+++ 

+ 
-t++ +++ +++ 

0 
0 

-1- + + 
4- + + 
+++ +++ 
++-I- 

++ + 
+++ +++ 
+++ 

1: + = retardation of growth, ++ = arrest of 
growth, +++ = regression (tumor not palpable). 

siveness, suitable for screening potential tu- 
mor inhibitors. This objective was not fully 
attained but the experiments point to techni- 
cal difficulties which could be corrected. His- 
tological examinations of mammary glands in- 
dicate that numerous cells of 3-MCA treated 
rats undergo neoplastic transformation 
throughout the glands. When grafts are 
made, it is likely that the more rapidly grow- 
ing and independent clone outgrows the more 
slowly growing clone. This situation calls for 
clonal isolation of tumors, less intense carcino- 
genic treatment, and transplantation as soon 
as a tumor appears. There is no way known 
to counteract progression of a tumor, but re- 
peated clonation may enable isollation of a 
desired clone. Preservation of wanted clones 
in the frozen state may enable their mainte- 
nance over periods of many years. 

The  100% takes in numerous experiments 
involving 40.5 W/,,l,, rats of both sexes, as well 
as numerous other transplantation esperi- 
merits: including leukemias and skin grafts 
( Maddoclij personal communication), indicate 
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TABLE VIII. Comparison of Degree of Responsiveness of Transplanted Mammary Tumors to 
Various Hormonal Influences. 

% Kind of 
Treatment strains tested 0 + ++ +++ responsive response 

- Degree of response<' --, x o .  of 

8 5 10 92 Inhibit. 
I 4 6 7 8  
< 10 6 70 

I -3 0 1 46 

Hypex 2 5 2 
Ovex - -  7 7  5 
And rog . d: 2 7  8 
-4drcx 1 r  
MtT (MtH)  10 0 0 1 S 100 Stimul. 

)) 

,) 
9 9  

:i: Retardation of tumor growth in m r h  

a remarkable "practical" homozygoci ty of the 
W/yu strain. Transplantation data clearly 
indicate the autonomy of the IY E',l tumor 
s t rp j 11s. 

Kalignancy and latency periods are inde- 
pendent features. Fibroadenomas are benign 
tumors. carcinomas are malignant, yet both 
can grow fast or slow, both can be hormone 
dependent or independent, both progress in 
the course of passages with retention of basic 
features. 

Experiments of Clifton et al .  (to be pub- 
lished) indicate that growth of mammary 
glands is maintained by MtH (given in form 
of RltT grafts) in absence of gonads and 
adrenals and that cortisol markedly en- 
hances secretion but not growth of the mam- 
mary gland. The present experiments point 
to a similar role of M t H  with respect to 
growth of MT. 

Summary. 1. Hormone dependence of ori- 
ginal (spontaneous, radiation- and 3-methyl- 
cholanthrene induced) mammary tumors were 
compared with first and second generation 
grafts of the same tumor in fully histoconi- 
patible inbred strains of rats. 2 .  Almost all 
tumors, (carcinomas and fibroadenomas) were 
autonomous in that they grew in normal hosts 

of both sexes, but most of them were hormone 
responsive. 3. A fair index of responsiveness 
is the degree of preferential growth of tumors 
in females. 4. Growth is retarded by ovariec- 
tomy and hypophysectomy and is resumed 
upon subsequent grafts of mammotropic tu- 
mors (administered to supply mammary gland 
stimulating hormones). 5. Prolgression ap- 
pears invariable in the course of transplanta- 
tions in the strains studied, but hormonal re- 
sponsiveness in the first passages was almost 
identical with that of primary tumors. 6. 
AIalignancy, hormone responsiveness, and 
growth rate vary independently. A slow grow- 
ing fibroadenoma can be hormone indepen- 
dent and rapidly growing, while a carcinoma 
can be highly hormone respo'nsive. These ex- 
periments support the hypothesis which con- 
siders the mammotrope of the pituitary and 
its hormones to be the main direct stimulant 
of the mammary gland and its tumors. 
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