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S U M M A R Y  

The effect of various hormones or hormone combinat ions 
on DNA synthesis was investigated in organ cultures of 20 
dimethylbenz(a)anthracene-induced rat mammary tumors. 
Three tumors were insulin independent and were totally 
insensitive to all other hormones tested. Seventeen tumors 
were insulin dependent for DNA synthesis and, in the pres- 
ence of insulin, displayed variable responses to the other 
hormones. Nine of 12 such tumors were signif icant ly stimu- 
lated by the combinat ion of prolactin and progesterone. 
Given alone, these hormones were effective in only 25% of 
the tumors tested. Estradiol used at 2 dose levels, 0.001 or 
1.0 /~g/ml, acted in a reverse manner to progesterone and 
proved inhibi tory in combinat ion with prolactin in 40% of 
cases. It was ineffective alone except in 1 of 10 cases in 
which a st imulatory effect was recorded. A comparison in 4 
tumors between estimation of DNA synthesis ([3H]thymidine 
incorporat ion into DNA) and colchic ine-blocked mitoses 
demonstrated a good concordance. These results are dis- 
cussed in terms of variations in the degree of hormone 
responsiveness of individual tumors and of the known hor- 
mone-dependent propert ies of the 7,12-dimethylbenz(a)- 
anthracene tumors in v i vo .  

INTRODUCTION 

It is well known that carcinogen-induced mammary tu- 
mors of the rat are hormone dependent. They regress after 
ovariectomy, hypophysectomy (12), induct ion of alloxan di- 
abetes (6, 8), or the administrat ion of various hormones (12, 
14, 29) or hormone antagonists (2, 11, 30), Conversely, 
tumor  growth is greatly accelerated by the administrat ion of 
insulin (6, 9), prolactin (23, 27), or progesterone (15, 16). 
The precise mechanisms of these responses as well as 
the nature of the hormones directly involved are not ful ly 
established. Organ culture is a suitable method for investi- 
gating the effect of hormones on cell prol i ferat ion at the 
tissue level. It avoids the complex endocr ine interactions 
occurr ing in the animal. Furthermore, unl ike cell culture, it 
maintains the normal tissue architecture and especially the 
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relationships between epithel ium and connective tissue that 
were shown to be of prime importance in the mediation of 
hormonal effects (10). This method has already been suc- 
cessfully used in such studies (4, 5, 32). The purpose of this 
paper is to report the effect of various hormones and hor- 
mone combinat ions on a series of DMBA2-induced rat mam- 
mary tumors in organ culture. 

MATERIALS AND METHODS 

Mammary tumors were induced in Sprague-Dawley fe- 
male rats, bred in our laboratory, by a single feeding of 20 
mg of DMBA (Eastman Organic Chemicals, Rochester, 
N. Y.) at 50 days of age (13). Tumor tissue from 20 animals 
was excised at various times after DMBA feeding, ranging 
from 54 to 170 days. Immediately after aseptic excision, 
the tumor was cut into explants of 1 cu mm. Usually 8 such 
explants were placed on a Mil l ipore filter, pore size 0.45/~m 
(Mil l ipore, Malakoff, France), and were transferred on stain- 
less steel wire grids in Falcon disposable Petri dishes (Fal- 
con Plastics, Los Angeles, Calif.) containing 2.5 ml of l iquid 
culture medium. Medium 199, Earle's base (Flow, Irvine, 
Scotland, or Gibco Biocult, Glasgow, Scotland) supple- 
mented with glucose to reach a concentrat ion of 0.0025 g/ 
ml, was used as basic medium. Hormone supplementat ion 
was carried out as fol lows. 

Insulin. A stock solution of insulin (Sigma Chemical Co., 
St. Louis, Mo.), 1 mg/ml ,  was prepared by dissolving hor- 
mone in 0.005 N HCI; it was added to the medium at a final 
concentrat ion of 10 /.Lg insulin per ml. 

Prolactin. Prolactin (ovine; NIH-P-S-10, Bethesda, Md.) 
was dissolved at a concentrat ion of 0.33 mg/ml  in 0.9% 
NaCI solution, pH 8.4; the final concentrat ion in the culture 
medium was 5 /~g/ml. 

Progesterone and 17,B-Estradioh The stock solutions 
were prepared by dissolving the hormones at a concentra- 
t ion of 1 mg/ml  in absolute ethanol. Progesterone (Sigma) 
was added to the medium at final concentrat ions ranging 
from 0.01 to i 0 /~g /m l .  Estradiol (Sigma) was added at final 
concentrat ions of 0.001 and 1 /~g/ml. The final ethanol 
concentrat ion never exceeded 0.1%. It was found in repre- 
sentative experiments that this concentrat ion of ethanol did 
not impede the expression of hormonal effects on the var- 
ious parameters studied. 

2 The abbreviation used is: DMBA, 7,12-dimethylbenz(a)anthracene. 
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H o r m o n e s  a n d  D M B A  R a t  M a m m a r y  T u m o r s  in  V i t ro  

The cul tures were carr ied out for 4 days at 37 ~ in a 
water-saturated atmosphere of 95% 02-5% CO2. This cul ture 
period was selected on the basis of an ear l ier  work  showing 
that insul in s t imu la t ion  of DNA synthesis in organ cul tures 
of mammary  t umor  explants did not show up before 48 hr 
and fur ther increased dur ing the subsequent  48 hr of incu- 
bat ion (5). In all exper iments  the media were changed every 
day. For a given tumor ,  each exper imenta l  cond i t ion  was 
appl ied to 3 cu l ture units, each composed  of 8 explants 
deposi ted on a Mi l l ipore f i l ter. At the end of the cul ture 
period, 6 exp lants  f rom each unit were used for  est imat ion 
of DNA synthesis and 2 were saved for  h is to log ica l  examina-  
t ion. 

DNA synthesis was est imated by measur ing the incorpo-  
ration of [3H]thymidine into DNA. [3H]Thymidine (The Radi- 
ochemica l  Centre,  Amersham,  England),  5 C i /mmo le ,  was 
added to the med ium 1 hr before te rmina t ion  of the cul ture 
at a f inal concent ra t ion  of 4 /~Ci/ml. DNA of the explants 
was extracted wi th 0.5 N perchlor ic  acid, est imated by the 
co lor imetr ic  method  of Burton (1) and expressed as /zg of 
DNA. Its radioact iv i ty  was measured and the thymid ine  in- 
corporat ion was expressed as the speci f ic  radioact iv i ty of 
DNA (dpm/ / ,g  DNA). 

Tumor  samples taken at the start of cu l ture and explants 
saved for h is to logy at the end of the cul ture per iod were 
f ixed in Bou in 's  f luid. After serial sect ion ing,  8 regular ly 
spaced sect ions of 6 explants (2 f rom each cul ture unit, i .e . ,  

6 per exper imenta l  condi t ion)  were placed on a sl ide and 
stained with hematoxy l in  and eosin. 

Mitot ic act iv i ty was assessed in 4 tumors .  In these cases a 
4th cul ture un i t  was run for  each exper imenta l  cond i t ion .  
Colchic ine (Koch-L ight ,  Co lnrook  Buchs,  England),  1 /~g/ 
ml, was added 4 hr before terminat ion of the cul tures. The 
explants were then f ixed, serial ly sect ioned,  and stained 
wi th hematoxy l in  and eosin. For each exper imenta l  condi-  
t ion, the total number  of mitoses was counted in the equa- 

tor ia l  plane of 5 explants.  Stat ist ical  assessment  of both 
DNA synthesis and mi to t ic  act ivi ty was carr ied out  on indi- 
v idual tumors  by analysis of the var iance after logar i thmic  
t rans format ion ,  wh ich  was required for  achiev ing homoge-  
neity of the var iance. 

RESULTS 

Effect of Increasing Concentrations in Preliminary Study 
of Progesterone 

A pre l iminary  study of progesterone was carr ied out on 2 
tumors  (Tumors 1 and 3). Increasing concent ra t ions  were 
added to the cul ture med ium in the presence of insul in,  w i th  
or  w i thou t  pro lact in .  The results of [3H]thymidine incorpora-  
t ion are given in Table 1. 

Both tumors  were insul in dependen t  for  DNA synthesis 
("1" v e r s u s  contro ls ,  p < 0.01) (5, 7). Prolact in increased 
DNA synthesis in only 1 of them (Tumor  1). Progesterone,  
both in the presence and absence of pro lact in ,  s ign i f i cant ly  
enhanced DNA synthesis at concent ra t ions  of 0.1 and 1.0 
/~g/ml. The smal lest  concent ra t ion  (0.01 /~g/ml) had l i t t le 
act iv i ty if any. The highest  concent ra t ion  (10 /~g /ml )  s igni f i -  
cant ly  reverted the s t imula t ing effect observed in the pres- 
ence of 0.1 or 1 .0 /~g /ml .  In view of these results, progester-  
one was used at the concent ra t ion  of 1 .0 /~g /m l  in all subse- 
quent  exper iments .  

Effect of Various Hormone Combinations 

Table 2 summar izes  the effects of insul in,  pro lact in ,  pro- 
gesterone,  and 17/3-estradiol in var ious comb ina t i ons  on 
DNA synthesis in 20 d i f ferent  tumors .  Of these tumors ,  17 
were found to be insul in dependen t  (Table 2, "1 v e r s u s  con- 
t ro ls , "  p < 0.01 ) and 3 were found to be insul in independent  

Table 1 
Effect o f  var ious doses of  p roges te rone  in the presence of  insu l in ,  wi th or  w i thou t  pro lac t in ,  on DNA synthes is  in 2 

tumors ma in ta ined  in organ cu l ture  

Explants were cultured for 4 days with added hormones at the following concentrations: insulin, 10/~g/ml; prolactin, 
5 /,g/ml; progesterone, 0.01, 0.1, 1.0, and 10 /~g/ml (see column headings). DNA synthesis was measured by the 
incorporation of [3H]thymidine into DNA during a 1-hr pulse at the end of the 4-day cultures. Analysis of variance was 
performed after logarithmic transformation. 

Tumor 

IP, 0.01 IP, 0.1 IP, 1.0 IP, 10 IMP, IMP, 0.1 IMP, 1.0 IMP, 10 
#.g ~g /~g /~g IM 0.01 ~g /~g ~g ~g 

I a (dpm/ (dpm/ (dpm/ (dpm/ (dpm/ (dpm/ (dpm/ (dpm/ (dpm/ (dpm/ 
Control /~g DNA) #g DNA) ~g DNA) /~g DNA) /,g DNA) /~g DNA) /~g DNA) /~g DNA) /,g DNA) /,g DNA) 

49.9 125.8 c 139.9 195.5 244.6" 166.9 ~ 253.3 ~ 280.2 353.1 387.7 ~ 264.7 e 
- 6.3 b +-_ 26.2 +- 16.9 - 3.8 _+ 30.5 - 34.2 - 20.8 _+ 60.2 - 41.6 _+ 29.0 _+ 42.9 

39.5 190.3 c 186.2 209.8 281.2 h 146.4; 185.8 257.0 345.4 404.2 j 256.6 k 
_ 4.1 +- 9.3 - 9.2 +- 12.5 _+ 19.0 _+ 17.1 _+ 6.6 - 10.0 +- 23.0 _ 11.1 _ 29.0 

" I, insulin; IP, insulin and progesterone; IMP, insulin, prolactin, and progesterone; IM, insulin and prolactin. 
Mean _+ S.E., n = 3. 

' I versus control, significant at p < 0.01 level. 
d IP, 0.1 /~g, + IP, 1.0 /*g, versus I, significant at p < 0.01 level. 
" IP, 10 /,g, + IMP, 10 /~g, versus IP, 1.0 /~g, + IMP, 1.0 ~g, significant atp < 0.01 level. 
r IM versus I, significant at p < 0.01 level. 
-q IMP, 0.1 /~g, + IMP, 1.0 /~g, versus IM, significant at p < 0.05 level. 
h IP, 0.1 ~g, + IP, 1.0/~g, versus I, significant at p < 0.05 level. 

IP, 10 /,g, versus IP, 1.0 /zg, significant at p < 0.01 level. 
IMP, 0.1 /zg, + IMP, 1.0 /~g, versus IM, significant at p < 0.01 level. 

k IMP, 10 /~g, versus IMP, 1.0 /,g, significant at p < 0.05 level. 
(+, data pooled together in making the comparisons.) 
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Table 2 

Ef fec t  o f  insu l in ,  p ro lac t in ,  p roges te rone ,  and 17~-est rad io l  in var ious comb ina t i ons  on  DNA synthesis o f  rat m a m m a r y  
ca rc inomas  in o rgan  cu l ture  

Explants were cultured for 4 days wi th added hormones at the fo l lowing concentrat ions:  insulin, 10/~g/ml,  pro lact in ,  
5 /~g/ml; progesterone,  1 /~g/ml; estradiol,  1 /.Lg/ml (results in italic), or 1 ng/ml  (results in l ight face type). DNA 
synthesis  was measured by the incorporat ion of [3H]thymidine into DNA dur ing a 1-hr pulse at the end of the 4-day 
cul tures.  The tumors were classif ied as insul in dependent  when insul in s igni f icant ly  increased [3H]thymidine incorpo-  
rat ion over the control  values (p < 0.01 in the 17 cases) and were classif ied as insul in independent  when insu l in  
produced no s ign i f icant  increase (p > 0.05). Analysis of var iance was performed after logar i thmic t rans format ion .  

Control  
Days after (dpm/  I a (dpm/ IE (dpm/  IP (dpm/ 

Tumor  DMBA /~g DNA) /~g DNA) p,g DNA) /~g DNA) 
IM (dpm/ IME (dpm/ IMP (dpm/  
~,g DNA) ~,g DNA) ~g DNA) 

Insul in dependent  

1 134 49.9 125.8 244.6 c 253.3 d 387.7 c 
_+ 6.3 b __+ 26.2 • 30.5 + 20.8 _ 29.0 

2 160 158.2 579.0 1078.1 c 995.5 d 1820.8 r 
-+_ 11.2 _ 28.2 +_ 42.9 ___ 72.5 _ 36.1 

3 140 39.5 190.3 281.2 ~ 185.8 404.2 g 
-+_ 4.1 - 9.3 • 19.0 +_ 6.6 • 11.1 

4 102 58.4 162.4 320.9 h 182.6 271.8 ~ 222.4 i 308.4 
_-_ 8.5 _ 17.2 _ 15.7 _ 10.6 _ 24.9 _ 20.4 _ 15.2 

5 54 49.1 285.7 244.3 212.3 247.4 292.1 489.9 ~ 
+ 3.2 _ 31.9 _ 4.2 _+ 46.5 ___ 46.0 _ 25.6 -+ 3 .8  

6 170 73.4 404.5 443.8 298.0 435.8 510.5 555.0 ~ 
• 3.9 _ 24.4 - 86.3 _+ 13.1 _+ 32.3 _ 42.6 -+ 49.1 

7 109 87.2 409.1 456.4 325.8 343.5 119.6 k 501.5 I 
_+ 11.9 _ 49.1 _ 57.5 • 27.8 • 65.9 _+ 12.8 _+ 53.1 

8 146 153.2 605.2 731.0 637.8 1110.7 j 
_+ 11.4 _+ 132.5 ___ 119.2 • 56.8 +_ 85.1 

9 152 133.3 745.0 856.3 739.9 1175.4 j 
• 14.7 _ 28.8 _+ 67.9 _-_ 50.6 • 117.4 

10 152 66.1 161.4 164.4 231.6 305.9 ~ 
___ 7.3 +_ 33.1 _ 31.6 _-_ 33.8 • 68.1 

11 146 265.0 634.2 681.9 786.2 570.0 
___ 27.6 _+ 31.1 • 124.5 ___ 54.9 • 41.0 

12 102 64.2 273.1 401.3 284.8 247.2 273.0 318.5 
__+ 10.1 - 32.7 +_ 109.0 _+ 51.5 • 47.3 - 59.6 _+ 20.3 

13 64 247.8 766.4 682.4 823.1 641.3 m 
- 13.8 • 27.7 _ 52.1 ___ 60.4 _ 27.9 

14 94 177.9 1379.2 1442.0 2151.3" 1372.8 ~ 
_+ 23.7 • 261.3 • 229.4 • 242.0 _ 244.3 

15 70 363.7 906.4 892.3 703.2 897.8 
--- 27.4 --- 86.2 + 156.5 • 41.4 _+ 64.2 

16 106 304.0 698.7 602.2 746.6 629.0 
--- 51.7 _ 60.7 _+ 40.7 ... 67.1 • 54.7 

17 87 300.0 1217.1 1257.4 1255.6 1107.1 
-+_ 22.3 _ 147.7 _ 165.2 • 33.3 --- 177.3 

Insul in independent  
18 170 219.8 283.1 350.7 237.7 340.6 301.3 407.5 

• 31.2 - 23.0 --- 33.6 • 67.1 +_ 49.6 _ 79.2 _+ 83.2 
19 160 330.2 372.1 432.0 388.6 434.8 

_+ 40.7 _ 10.9 -+ 69.6 +_ 56.7 _ 27.5 
20 106 470.2 584.8 636.1 724.5 548.7 

-+56.3 +- 93.9 _ 46.0 ___ 65.2 +_ 80.1 

I, insul in;  IE, insul in and 17fl-estradiol;  IP, insul in and progesterone; IM, insul in and prolact in;  IME, insu l in ,  
pro lact in ,  and 17fl-estradiol; IMP, insul in,  prolact in,  and progesterone. 

b Mean + S.E., n = 3. 
IP versus I, s ign i f icant  at p < 0.01 level. 

,i IM versus I, s ign i f icant  at p < 0.01 level. 
" IMP versus IM + IP (IM, IP > I; IM versus IP, not s igni f icant) ,  s igni f icant  at p < 0.05 level. 
r IMP versus IM + IP (IM, IP > I; IM versus IP, not s igni f icant) ,  s igni f icant  at p < 0.01 level. 

IMP versus IP (IP > I, IM), s ign i f icant  at p < 0.01 level. 
h IE versus I, s ign i f icant  at p < 0.01 level. 

IME versus IM + IE (IM, IE > I; IM versus IE, not s igni f icant) ,  s igni f icant  at p < 0.05 level. 
J IMP versus IM + IP + I (IM versus IP versus I, not s igni f icant) ,  s igni f icant  at p < 0.01 level. 
k IME versus IM + IE + I (IM versus IE versus I, not s igni f icant) ,  s igni f icant  at p < 0.01 level. 

IMP versus IM + IP + I (IM versus IP versus 1, not s igni f icant) ,  s igni f icant  at p < 0.05 level. 
" IME versus IM + IE + I (IM versus IE versus I, not s igni f icant) ,  s igni f icant  at p < 0.05 level. 
" IM versus I, s ign i f icant  at p < 0.05 level. 
" IME versus IM (IM > I, IE), s ign i f icant  at p < 0.05 level. 
(+ ,  data pooled together  in making the compar isons.)  
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(Table 2, "1 versus controls,"  p > 0.05) (5, 7). The effects of 
other hormones, as analyzed below, were always studied in 
the presence of insulin. 

Insulin-dependent Tumors 

Prolactin was studied in all 17 tumors.  Progesterone, in 
the presence and absence of prolactin, was tested in 12 
tumors and estradiol was tested in 10. 

Effect of Prolactin and Progesterone (12 Tumors). In 2 
tumors (Tumors 1 and 2), DNA synthesis was signif icantly 
enhanced by both prolactin and progesterone. This effect 
was signif icantly greater when the 2 hormones were com- 
bined. One tumor  (Tumor 3) was st imulated by progester- 
one and this effect was increased by prolactin. One tumor  
(Tumor 4) was stimulated by prolactin wi thout  effect of 
progesterone. In 6 tumors (Tumors 5 to 10), prolactin and 
progesterone were ineffective alone but their combinat ion 
was signif icantly st imulat ing. In the remaining 2 tumors 
(Tumors 11 and 12), no hormone combinat ion was found to 
be effective. 

Effect of Prolactin and 17/~-Estradiol (10 Tumors). Fstra- 
diol in the presence and absence of prolact in was tested at 
concentrat ions of 1 /.~g/ml (Tumors 4 to 7 and Tumor  12) or 
1 ng/ml  (Tumors 13 to 17), this latter concentrat ion having 
been reported to be inhibitory (19). In 4 tumors (Tumors 4, 
7, 13, and 14), estradiol in combinat ion with prolactin de- 
pressed DNA synthesis. In 2 of them (Tumors 7 and 13), 
prolactin and estradiol alone were wi thout  effect; in 1 (Tu- 
mor 14), prolactin alone enhanced DNA synthesis; in 1 
(Tumor 4), prolact in and estradiol alone were both signif i- 
cantly st imulat ing. In the remaining 6 tumors (Tumors 5, 6, 

Hormones and DMBA Rat Mammary Tumors in Vitro 

12, and 15 to 17), prolact in and estradiol were total ly inef- 
fective. 

Insul in-independent Tumors 

Three such tumors were studied with regard to the effect 
of prolact in (Tumors 18 to 20), progesterone (Tumors 18 
and 19), and estradiol (Tumors 18 and 20). None of these 
hormones, alone or combined, signi f icant ly affected DNA 
synthesis as compared to the control values (cultures with 
and wi thout  insulin). 

As shown in Table 2, hormone responsiveness could not 
be related to the lapse of t ime separating the culture experi- 
ment from DMBA feeding. 

Correlation between Incorporation of [3H]Thymidine into 
DNA and Mitotic Index, as Influenced by Hormones 

Incorporat ion of [3H]thymidine into DNA and colchicine- 
blocked mitot ic counts were measured in parallel in 4 tu- 
mors (Table 3; Tumors 2, 8, 10 and 19). Mitot ic counts were 
carried out both in the tumor  cells and stroma. Mitoses were 
extremely rare in the stroma, indicat ing that cell division 
occurred almost exclusively in the epithel ial  tumor  cells. 

Three tumors (Tumors 2, 8, and 10) were found to be 
insulin dependent  by both criteria of cell prol i ferat ion. In all 
3 tumors, the combinat ion of insulin, prolact in, and proges- 
terone produced a further enhancement of both DNA syn- 
thesis and mitot ic counts that was statist ically signi f icant (p 
< 0.05). The correlat ion between [ZH]thymidine incorpora- 
t ion and mitot ic indices was highly s igni f icant in each case 
(p < 0.01). The 4th tumor  (Tumor 19) was insulin independ- 

Table 3 
Correlation between incorporation of [~H]thymidine into DNA and mitotic index, as influenced by hormones 

Explants were cultured for 4 days with added hormones at the following concentrations: insulin, 10 /~g/ml; prolactin, 5 /zg/ml; 
progesterone, 1 /~g/ml. DNA synthesis was measured by the incorporation of [3H]thymidine into DNA during a 1-hr pulse as the end of the 
4-day cultures. Mitotic indices were determined after 4 hr of exposure of the explants to colchicine at the end of cultures. Mitoses were 
counted on 1 equatorial section of each of 5 explants. Statistical analysis was performed after logarithmic transformation. 

Hormone 

Tumor 2 ~ Tumor 8 ~ Tumor 10 ~ Tumor 19 d 

[3H]Thymi- Mitotic index s [3H]Thymi- Mitotic index [3H]Thymi- Mitotic index [ZH]Thymi- Mitotic index 
dine incor- dine incor- dine incor- dine incor- 
poration e poration poration poration 
(dpm//zg Tumor (dpm//~g Tumor (dpm//zg Tumor (dpm/p.g Tumor 

DNA) cells Stroma DNA) cells Stroma DNA) cells Stroma DNA) cells Stroma 

Control 158.2 5.4 0.6 153.2 2.2 0.4 66.1 5.6 0.2 330.2 30.8 0.2 
-+11.2 _+1.7 _+0.4 _+11.4 ___0.4 ___0.4 _+7.3 _+1.3 _+0.2 -+40.7 _+8.1 -+0.2 

I 579.0 102.6 0.2 605.2 31.4 0.8 161.4 16.2 0.0 372.1 28.6 0.0 
__+28.2 -+15 .6  _ + 0 . 2  _+132.5  _+6.0 _+0.5 _+33.1 _+4.7 _+10.9 _+3.5 

I + P 1078.1 131.4 0.6 731.0 29.2 0.2 164.4 18.0 0.2 432.0 29.2 0.2 
_+43.0 _+19.7 _ + 0 . 3  _+119.2  _+3.9 _+0.2 _+31.6 ___3.1 _+0.2 -+69.6 +_4.1 +_0.2 

I + M 995.5 129.2 0.0 637.8 29.6 0.0 231.6 25.2 0.0 388.6 29.6 0.0 
_+72.5 _+10.9 _+56.8 _+5.6 +_33.8 _+4.1 _+56.7 _+7.1 

I + M + P 1820.8 226.4 0.2 1110.7 50.4 0.0 305.9 36.2 0.2 434.8 29.0 0.0 
_+36.1 _+22.8 _+0.2 +_85.1 _+7.8 +_68.1 +5.4 +_0.2 _+27.5 +1.8 

a Correlation coefficient, r = 0.96431; n = 3; p < 0.01. 
b Correlation coefficient, r = 0.98536; n = 31 p < 0.01. 
c Correlation coefficient, r = 0.99887; n = 3; p < 0.01. 
' Correlation coefficient, r = 0.66923; n = 3; not significant. This insulin-independent tumor was uninfluenced by either hormone 

combination tested, whatever parameter was used. 
e Mean _+ S.E., n = 3. 
f Mean numbers of mitoses per equatorial section _ S.E. 

JULY 1976 2165 

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2397260/crs0367p12162.pdf by guest on 19 M

ay 2023



J-L. Pasteels et al. 

ent by either criterion of cell proliferation and was also 
uninfluenced by the other hormone combinations tested. 

Histological Findings 

All tumors studied were papillary or cribriform carcino- 
mas. Moderate secretory activity was occasionally ob- 
served. The histological features at the start of cultures did 
not allow prediction of hormone responsiveness during cul- 
ture. 

At the end of the 4-day culture period, all explants, re- 
gardless of the experimental conditions, appeared to be 
alive. A large ring of living cells surrounded a small central 
infarction. Within the peripheral ring, evidence for cell 
death (pyknosis and karyorrhexis) was very infrequent. Cul- 
tured explants from insulin-independent tumors displayed 
the same histological features as the original tumor tissue 
and were totally uninfluenced by any hormone supplemen- 
tation (Figs. 1 and 2). Explants from insulin-dependent tu- 
mors, when cultured in the absence of insulin (Fig. 3), 
remained alive, but the peripheral ring of living cells was 
relatively thin, Mitoses with or without colchicine pretreat- 
ment were very scanty. Cytoplasm and nuclei were shrun- 
ken. Nevertheless, a minority of cells apparently escaped 
involution due to absence of insulin, suggesting that insu- 
lin-independent cells were present in small numbers. These 
explants, when cultured in the presence of insulin (Fig. 4), 
appeared much healthier and displayed histological fea- 
tures similar to those of the uncultured tissue (Fig. 5). 
Mitoses were present in fair numbers. In some tumors, 
progesterone in the absence of prolactin produced consid- 
erable cellular hypertrophy. Cells were densely packed, 
with well developed and granular cytoplasm. Mitoses were 
frequent (Fig. 6). Prolactin induced distinct apocrine lipid 
secretion in about one-half of the tumors studied (Fig. 7); 
this activity occurred irrespective of stimulation of DNA 
synthesis by prolactin in the given tumor. Progesterone 
suppressed this prolactin-induced secretory activity (Fig. 8) 
and restored the pattern of densely packed cells observed in 
the absence of prolactin (Fig. 6). Estrogen supplementation 
of the medium did not produce morphological changes in 
the cultures. 

DISCUSSION 

In the present work, a striking feature of the DMBA- 
induced mammary tumors of the rat was their considerable 
variability of hormone responsiveness in organ culture. Yet, 
distinct trends of hormonal effects were clearly recognized. 
Thus, in agreement with earlier observations (5, 7, 21), a 
majority of tumors displayed different degrees of insulin 
dependence for DNA synthesis and cell proliferation while 
some were found to be insulin independent. The former 
type showed variable responses to prolactin, progesterone, 
or estrogens. In contrast, insulin-independent tumors 
proved equally insensitive to the other hormones tested. 
The lack of hormone responsiveness should not necessarily 
be equated to dedifferentiation insofar as 1 of the unrespon- 
sive tumors was spontaneously secreting from the start, 

irrespective of hormone additions during culture. 
The large majority of insulin-dependent tumors (9 of 12 

tumors tested) was responsive to the combination of prolac- 
tin and progesterone. This combination enhanced DNA syn- 
thesis and mitotic activity well above the levels reached in 
the presence of either hormone alone. As a matter of fact, 
prolactin and progesterone added singly were significantly 
effective in only about 25% of all tumors. Estrogens used at 
2 dose levels acted in a reverse manner to progesterone and 
proved inhibitory in combination with prolactin in 40% of 
cases. They were ineffective alone except in 1 of 10 cases in 
which a stimulating effect was recorded. It is suspected that 
this single result might represent a sampling artifact. In the 
present work, [3H]thymidine incorporation into DNA was 
measured as a parameter of DNA synthesis and cell prolifer- 
ation. The validity of this method for assessing hormonal 
effects on these processes was clearly established by the 
finding in selected experiments of a significant correlation 
between [3H]thymidine incorporation and colchicine- 
blocked mitoses in tumor cells. 

In a study of normal rat mammary tissue (50 to 60 days 
old) in organ culture, Koyama et al. (20) reported that insu- 
lin was essential for maintenance of the explants. Proges- 
terone in the presence of insulin exerted a stimulating effect 
on ductal and Iobular development and on DNA synthesis. 
This effect was considerably enhanced by addition of pro- 
lactin to the medium. Prolactin alone or in combination with 
insulin was totally ineffective. Lack of effect of prolactin in 
the presence of insulin was also reported by Hallowes et al. 
(4), while a stimulating effect was described by Dilley in 
immature rats (3). It appears from our results that a majority 
of the DMBA-induced rat mammary tumors responded to 
these hormones in a manner very similar to the response of 
the normal rat mammary tissue. A main difference resided 
in the variability of response of the tumors, ranging from 
very large hormone effects to gradual loss of response 
among tumors, first to progesterone, then to the combina- 
tion of progesterone-prolactin, and finally to all hormones 
including insulin. It should be noted, however, that some 
tumors (about 25%) responded to prolactin alone in the 
presence of insulin, like immature rat mammary tissue (3). 
Prolactin responsiveness of rat mammary carcinoma in or- 
gan culture was reported by Welsch and Rivera (32) and by 
Lewis and Hallowes (21). In those studies, the effect of 
prolactin was tried in the presence of insulin and corticos- 
terone, although the requirement for this steroid was not 
justified by the authors. In fact, our data suggest that corti- 
costerone is not necessary for the expression of the prolac- 
tin effect on DNA synthesis, at least in some tumors. In the 
2 above-mentioned works (21, 32) 17 /3-estradiol inhibited 
the stimulating effect of prolactin. Similar effects were 
found in the present study. In normal rat mammary tissue, 
estradiol did not significantly influence the explants (20, 
26), while it inhibited DNA synthesis in glands from mid- 
pregnant rats (31). 

In the present experiments, prolactin in the presence of 
insulin induced secretory changes in about 50% of tumors, 
and these changes were suppressed by further addition of 
progesterone. This effect of prolactin was not mentioned by 
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Koyama et a l .  (20) in the i r  s tudy  of normal  mammary  t issue.  
Inh ib i t ion of p ro lac t in - induced  secre tory  changes  in cul-  
tures of m a m m a r y  t issues, as descr ibed here, wou ld  appear  
to be a nove l ,  thus  far unrepor ted ,  p roper ty  of progester -  
one.  

The q u e s t i o n  arises as to whe ther  ho rmona l  ef fects  on 
DNA syn thes i s  in organ cu l ture  actua l ly  ref lect  the ef fect  of 
these h o r m o n e s  on t u m o r  growth  in v ivo and thereby  may 
help to e l u c i d a t e  the under ly ing  mechan isms  of ho rmone  
dependency .  I t  was shown ear l ier  by Heuson and Legros (7, 
8) that  i nsu l in  sensi t iv i ty  of rat mammary  tumors  in organ 
cu l ture  c o r r e l a t e d  well wi th the i r  in v ivo response to induc-  
t ion of a l l o x a n  d iabetes  and to insul in admin is t ra t i on .  Pro- 
lact in has b e e n  c lear ly  shown to be impor tan t  both  du r ing  
induc t ion  of O M B A - i n d u c e d  mammary  tumors  and in the i r  
subsequent  g r o w t h  (11, 27). L ikewise,  p roges te rone  given 
after DMBA a d m i n i s t r a t i o n  was found to enhance  mammary  
c a r c i n o g e n e s i s  (14, 16), even in ovar iec tomized  rats (17). 
Fur thermore ,  p roges te rone  susta ins t u m o r  g rowth  in tu- 
mor-bear ing r a t s  sub jec ted  to ovar iec tomy (22). The major  
f ind ing in t h e  present  o rgan cu l tu re  exper imen ts  was the 
synergist ic  e f f e c t  of p roges terone and pro lac t in ,  wh ich  
acted in c o m b i n a t i o n  even when e i ther  ho rmone  a lone was 
ineffect ive. T h e  in v ivo exper iments  on p roges te rone  
quoted above were  carr ied out  in rats wi th  in tac t  p i tu i tar ies.  
It is sugges ted  that  p roges terone migh t  be inef fect ive in re- 
act ivat ing t u m o r  g rowth  in hypophysec tom ized  an imals  and 
that this h y p o t h e s i s  is wor th  test ing.  As far as es t rogens 
are c o n c e r n e d ,  these ho rmones  were shown  to s t imula te  
DMBA t u m o r  g r o w t h  in nonovar iec tomized  rats (18), pre- 
sumably  by i n c r e a s i n g  pro lac t in  secret ion (19). They were 
also shown t o  sustain t u m o r  growth  in t umor -bea r ing  rats 
subjected to o v a r i e c t o m y  (25). However,  th is  ef fect  fai led to 
occu r  in h y p o p h y s e c t o m i z e d  rats (28), i nd ica t ing  that  a 
p i tu i tary f a c t o r  is involved. It was suggested  that  es t rogen 
admin i s t ra t i on  susta ined t u m o r  g rowth  in ovar iec tomized  
rats by s imp l y  restor ing to normal  the depressed pro lac t in  
p roduc t ion  (25) .  

On the o t h e r  hand,  it was repeatedly  shown  that  larger 
s u p r a p h y s i o l o g i c a l  doses of es t rogens,  of the o rde r  of 0.1 
mg or more d a i l y ,  were inh ib i to ry  both in the presence or  
absence of t h e  ovar ies (24, 25, 29). It was sugges ted  f r om in 

vivo ev idence  that  under  these c i r cums tances  es t rogens  
wou ld  inhib i t  t h e  s t imu la t ing  effect of p ro lac t in  at the t u m o r  
t issue level (23) .  These views on es t rogen ac t ions  are con-  
s istent wi th t h e  in v i t ro data presented here and prev ious ly  
(21,32) ,  w h e r e  es t rogens  were shown to inh ib i t  the s t imula-  
tory  ef fects o f  p ro lac t in .  

This organ c u l t u r e  s tudy  of the DMBA rat mammary  t umor  
proved v a l u a b l e  in prov id ing hints for  the unders tand ing  of 
the intr icate p r o b l e m  of its ho rmone  dependency ,  and it 
served to e m p h a s i z e  the great d ivers i ty  of t u m o r  responses 

that fits, h o w e v e r ,  w i th in  a general  recogn izab le  f rame- 
work.  
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Figs. 1 and 2. Four-day organ culture of a hormone-independent DMBA-induced rat mammary tumor (Table 2, Tumor 18). H & E. Bar, Fig. 1,20/zm. 
Fig. 1. Culture in hormone-free medium. The tumor cells are well maintained and a mitotic figure is present (arrow). 
Fig. 2. Culture in the presence of insulin (10 /~g/ml). Supplementation of the medium with insulin did not induce any conspicuous change of the 

histological appearance of the cultures. 
Figs. 3 and 4. Four-day organ culture of a hormone-dependent DMBA-induced rat mammary tumor (Tables 1 and 2; Tumor 1). H & E. Same magnification 

as in Figs. 1 and 2. 
Fig. 3. Culture in hormone-free medium. The tumor cells are shrunken and mitoses are very infrequent (none is shown on the micrograph). The general 

aspect of the culture is clearly distinct from that of Fig. 1. 
Fig. 4. Culture in the presence of insulin (10 p.g/ml). The tumor cells are well developed, with larger cytoplasm than in Fig. 3. There is some protein material 

within the gland-like structures but no evidence of lipid secretion. 
Figs. 5 to 8. Same hormone-dependent DMBA-induced rat mammary tumor as shown in Figs. 3 and 4 (Tables 1 and 2, Tumor 1). H & E. Same 

magnification as in Figs. 1 to 4. 
Fig. 5. Initial condition. Explant at start of culture. Alveolar-like structures are present and contain some protein material without clear evidence of lipid 

secretion. 
Fig. 6. Four-day organ culture in the presence of insulin (10 /~g/ml) and progesterone (1 /~g/ml). Compare to Fig. 5 (initial condition), Fig. 3 (culture in 

hormone-free medium), and Fig. 4 (culture in the presence of insulin alone). Marked cellular hypertrophy and enhanced mitotic activity are conspicuous. Cells 
are densely packed without evidence of secretion. 

Fig. 7. Four-day organ culture in the presence of insulin (10/Lg/ml) and prolactin (Ovine, NIH-P-S-10, 5/~g/ml). Compare to Fig. 5 (initial condition), Fig. 3 
(culture in hormone-free medium), and Fig. 4 (culture in the presence of insulin alone). Tumor cells with fairly large cytoplasm circumscribe alveoli filled with 
protein and lipid material. Apical vacuolization of some cells is evidence of a true lipid secretion (arrow). 

Fig. 8. Four-day organ culture in the presence of insulin (10 k~g/ml), prolactin (5 /~g/ml), and progesterone (1 /~g/ml). Compare to Fig. 6 (progesterone 
without prolactin) and Fig. 7 (prolactin without progesterone). Tumor cells are enlarged and densely packed as in Fig. 6. The secretory features observed 
under the same conditions minus progesterone (Fig. 7) are completely suppressed. 
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