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DNA synthes is  in the s t r o m a  of the no rma l  m a m m a r y  gland and of spontaneous t umor s  of 
the m a m m a r y  gland in line C3H mice was studied by autoradiography a f t e r  single or  r e -  
peated injections of t r i t i a t ed  thymidine.  The intensity of pro l i fe ra t ion  of the f ib roblas t s  
surrounding the acini of the m a m m a r y  gland was v e r y  low; the f ib rob las t s  of the s t r o m a  
in the in te r ior  of the t u m o r  and in the "capsule"  surrounding the t u m o r  were  act ively  
pro l i fe ra t ing  cel ls .  

A growing t umor  cons is t s  of two interconnected components:  the pa renchyma  and s t roma .  The k i -  
net ics  of pro l i fe ra t ion  of the pa renchyma  of s eve ra l  t u m o r s  in man and exper imen ta l  an imals  have been 
studied in many autoradiographic  invest igat ions [3, 4, 9, 13, 14, 18]. In pa r t i cu la r ,  different a spec t s  of the 
kinet ics  of p ro l i fe ra t ion  of the pa renchyma  in spontaneous m a m m a r y  gland t u m o r s  of mice have been fully 
descr ibed  [4, 5, 8, 15-17]. 

The kinet ics  of pro l i fe ra t ion  of the s t r oma  of var ious  neop lasms ,  including m a m m a r y  gland t u m o r s ,  
r e m a i n s  v i r tua l ly  unstudied. Never the les s ,  the re  is considerable  evidence to show that  the c h a r a c t e r  of 
t u m o r  growth depends substant ial ly on the re la t ionships  between pa renchyma  and s t r o m a  [1, 2, 20]. 

The objective of the p resen t  investigation was to study the pa renchyma  and s t r o m a  of m a m m a r y  gland 
t u m o r s  in mice .  It was  hoped to answer  the following questions:  1) does the intensity of pro l i fe ra t ion  of 
the s t r o m a  change during malignant  t r ans fo rma t ion  of the m a m m a r y  gland epi thel ium, and 2) does the mass  
of the s t r o m a  in a t u m o r  inc rease  on account of pro l i fe ra t ion  of the connec t ive- t i s sue  cei ls  inside the t umor  
i tself ,  or  on account of pro l i fe ra t ion  of f ib roblas t s  surrounding the t u m o r ?  

E X P E R I M E N T A L  M E T H O D  

To answer  these  quest ions,  the percentage  of cel ls  synthesizing DNA was de te rmined  in the s t r o m a  
of the no rma l  m a m m a r y  gland and in 17 spontaneous m a m m a r y  gland t u m o r s  in C3H mice .  All the t u m o r s  
histological ly speaking were  adenocarc inomas  with ac inar  and solid a r e a s  of Dunn's types  A and B [10]. 

Tr i t i a t ed  thymidine with specif ic  act ivi ty 29 #C i /ml  was injected as a single dose of 0.7 #Ci /kg  body 
weight. In the exper imen t s  in which thymidine-H 3 was injected repea ted ly ,  the injections were  given at 
in terva ls  of 1-2 h for  1, 2, or  4 days by the method of Galand et al .  [12], for  Blenkinsopp [7] has shown that 
this method has none of the disadvantages  of the method of continuous infusion of thymidine-H 3 [17]. The 
an imals  were  sac r i f i ced  2 h a f te r  the single injection of thymidlne-H 3 or  a f te r  the las t  injection when the 
isotope was given repea tedly .  The t e s t  ma te r i a l  was  fixed with Carnoy ' s  mix ture ,  and se r i a l  sect ions were  
cut f r o m  the t umor  and f r o m  unaffected a r e a s  of other pa i r s  of m a m m a r y  glands.  The sect ions ,  5 # in th iek-  
ness ,  were  coated with tyPe M emuls ion  and exposed for  3 weeks .  After  development  of the emuls ion,  the 
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TABLE 1. Index of Labeled Cel l s  in Epithelial  and Connec t ive -T i s sue  
Cel ls  of the Mammary  Gland in Mice with T u m o r s *  

Duration of 
injection of 
thymidine -H s 

Single injection 

24h 

48h 

100 h 

I I Mammary gland 
Mouse' tUunma ~ by 

No. ~epfthe- 
�9 lium of stroma 

] ] acini 

Tumor of mammary gland 

459 I 
471 I 
475 1 
438~ I 

348 
500 
5045 

369 
380 
511% 

515 
522 

359 
391 
402 

2.8-+0,6 6,8• 
3,4.+.0,8 0,8-+0.5 
3,2-+ 1,2 2,7___0,9 
3,5-+ 1,0 2,3.+.0,6 

3,2-+0,5 I 2,1+-0,6 1 
2,7-+ 1,0 1,5---+0,9 
4,2-+0,9 0,8+-0,5 

8,8-+ 1,0 4,1-+0,6 
9,4.+.0,9 2,0_ 1,2 
4,2__+ 1,4 5,2_+ 1,3 

1 , 5 + - 0 , 9  2 , 8 - + 0 , 8  
0,3• 0,3 1,0+- 0,4 

15,4-- 1,6 4,0-+ 1,4 
12,9+- 1,3 19,0• 3,6 
18,6• 1,4 11,2• 1,6 

inside cormectiVeinner tissue 
zone of T 

"capsule" 
parenenymalumo r 

of tumor 

14,4.+. 0,8 
t8,9-+ 1,2 
12,3~I,0 
14,4+--0,6 

26,3-+ 1,0 
25,1---0,6 

4,2"+.0,~ 
67,0+- 1,5 
62,0-+ 0,9 
57,5"+. 0,7 

~I 47,2"+. 1,6 
68,0-+ 1,5 

s) 63,0"+. 1 , 5  
33,8-+ 0,7 

ou te r  
zone of 
"capsule" 
of tumor 

-- 7,4"+.1,8 
12,0-+|,5 
11,2-+2,2 

1 7 , 3 •  - -  

6,8-+1,0 22,8+-1,71 8,8• 
- -  6 , 4 •  - -  
-- 9,2-+2,0 -- 
-- 88,4-+2,3 - -  

79,0-+ 0,9 
64,0-+ 0,5 
71,8+-0,5 

BI,~ ~,5 65,0+- 2,4 
~1,5+- 1,6 
32,0.+. 2,0 
27,0--- + 1,4 
33,0-+ 3,3 
30,0-+ 3,2 

80,0-+2,8 159,2-+ 1,6 
52,0-+ 5,0 44,0-+ 2,2 

-- 77,2"+. 1,7 

57,0• 3,3 

59,2___ 1,6 

*Mean va lues  and t h e i r  e r r o r s  given.  A minus  s ign denotes  that  ILC 
could not be ca l cu la t ed  because  insuff ic ient  ce i l s  of that  type w e r e  
p r e se n t  in the s p e c i m e n s .  
tMouse  No. 438 was  in jec ted  with phys io log ica l  sa l ine  fo r  100 h at 
i n t e rva l s  of 2 h, and a f t e r  the las t  in ject ion a s ingle dose of t h y m i -  
d ine -H 3 was  given.  This  an ima l  was  s a c r i f i c e d  24 h l a t e r .  
Sin m i c e  Nos.  504 and 511, ILC was  d e t e r m i n e d  s e p a r a t e l y  in s e v e r a l  
p a r t s  of the p a r e n c h y m a  (designated:  a, b, c) and in the zone of con -  
nect ive  t i s sue  adjacent  to  e a c h  of these  a r e a s .  

sec t ions  w e r e  s ta ined  with hematoxy l in  o r  with me thy l  g r e e n - p y r o n i n e .  In e a c h  case  the n u m b e r  of labeled  
ce l ls  was  d e t e r m i n e d  as  a pe r cen t age  of the tota l  n u m b e r  of ce i l s  of tha t  p a r t i c u l a r  type ,  i .e . ,  the index 
of labe led  ce l l s  (ILC). ILC was  d e t e r m i n e d  fo r  the p a r e n c h y m a  of di f ferent  p a r t s  of the t u m o r s  and for  the 
f i b rob l a s t s  of the c o n n e c t i v e - t i s s u e  l a y e r s  between a r e a s  of p a r e n c h y m a  within the  s a m e  p a r t s  of the t u m o r  
(the " s t r o m a  inside the t u m o r " ;  Table  1). Many t u m o r  nodules  were  s u r r o u n d e d  by a wide zone of con -  
nect ive  t i s sue  in which  s e v e r a l  rows  of f i b rob l a s t s  could be seen lying pa ra l l e l  to  the su r f ace  of the t u m o r  
nodules .  When the ILC values  w e r e  ca lcu la ted  fo r  the " c a p s u l e s .  a round  the t u m o r ,  the s p e c i m e n  was  meved  
pa ra l l e l  to  the edge of the p a r e n c h y m a  so that  the a r e a s  counted w e r e  at about the same  d is tance  f r o m  this  
edge.  In th is  way two zones  of the "capsu le , "  e a c h  190 p wide (the width of the f ield of v is ion  of the m i c r o -  
scope ,  with magni f ica t ion  10• 90), w e r e  d is t inguished:  an inner  zone,  d i r ec t ly  ad jacent  to  the edge of the 
p a r e n c h y m a ,  and an ou te r  zone,  in contac t  ex t e rna l ly  with the p reced ing  zone.  The IMS was  ca lcu la ted  fo r  
the ep i the l ium of the ac ini  and fo r  f i b rob la s t s  loca ted  c lose  to  the epi thel ia l  ducts  and ac in i  in s p e c i m e n s  
of tmaffected  m a m m a r y  glands of an ima l s  with t u m o r s .  

E X P E R I M E N T A L  R E S U L T S  

The va lues  of ILS in the s t r o m a  of n o r m a l  ac in i  of the m a m m a r y  gland,  as  wel l  as  in the p a r e n c h y m a  
of these  acini ,  a f t e r  a s ingle  in jec t ion  of t h y m i d i n e - H  3 were  low, of the o r d e r  of 1-7% (Table 1). These  
r e s u l t s  indicate  that  the in tens i ty  of p r o l i f e r a t i o n  of the f ib rob la s t s  a round  the r e s t i ng  ac ini  of the m a m m a r y  
gland is v e r y  low. The s low i n c r e a s e  in ILC with an i n c r e a s e  in the n u m b e r  of t hymid ine -H  3 in jec t ions  
could  indicate  tha t  t hese  ce i l s  have a v e r y  long S-phase  (of the o r d e r  of s eve ra l  days) ,  and that  the p r o -  
por t ion  of ce l l s  in the S-phase  during the e x p e r i m e n t  was  v e r y  smal l .  
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ILC for  the f ibroblas ts  of the connective t i s sue  surrounding the t u m o r  nodules a f t e r  a single injection 
of thymid ine-H 3 va r i ed  f r o m  7-17%. With an inc rease  in the number  of inject ions of thymid ine-H ~ the value 
of ILC inc reased  gradual ly  to r e a c h  80% af te r  2-4 days in some cases .  These  r e su l t s  indicate that the f i b r e -  
b las ts  surrounding the t u m o r  nodule a re  an act ively  prol i fera t ing population. ILC for  the pa renehyma  and 
s t r o m a  va r i ed  considerably  in different  pa r t s  of the same t u m o r  and a lso  in d i f ferent  t u m o r s  fixed a f te r  
equal number s  of injections,  but at each  given t ime  the mean  value of ILC for  the pa r enchyma  was slightly 
higher than for  the s t roma .  It can accordingly be postulated that pro l i fe ra t ion  of the pa renehyma  in a given 
t umor  takes  place somewhat  more  intensively than pro l i fe ra t ion  of the s t roma .  However,  the d i f ferences  
obse rved  were  smal l ,  and in genera l  both the s t r o m a  and the pa renchyma of the tumor  cons is ted  of act ively 
prol i fera t ing cel ls .  

After  repea ted  injections of thymidine-H 3, ILC in the connec t ive- t i ssue  l a y e r s  inside the t umor  and 
in the connective t i s sue  around it were  equally high. These r e su l t s  conf i rm the view that intensive p r o -  
l i fera t ion takes  place in the connective t i s sue  surrounding the tumor ,  in the s t ruc tu re  cal led i ts  "capsule .  n 
This  t i s sue  evidently par t ic ipa tes  act ively  in the fo rmat ion  of the t umor  s t roma ,  and it is t he re fo re  e s -  
sent ia l  for  growth of the pa r enchyma  [1]. 

The values  of ILC were  equal in the zone of the weapsule~ direct ly  next to the pa renchyma  of t h e t u m o r  
and in the adjacent  zone not in d i rec t  contact with tumor  cei ls .  These  r e su l t s  suggest  that the t u m o r  cei ls  
s t imulate  not only pro l i fe ra t ion  of the f ib roblas t s  in d i rec t  contact with them,  but also pro l i fe ra t ion  of f i -  
b rob las t s  located some distance f r o m  the t u m o r  ce l l s .  It  is  poss ib le ,  t he re fo re ,  that this  s t imulat ion is the 
resu l t  of sec re t ion  of ce r ta in  humera l  s t imulat ing f ac to r s  by the t umor  cei ls  into the connective t i ssue .  
This  hypothesis  is in good ag reemen t  with r e su l t s  indicating that s t imulat ion of pro l i fe ra t ion  of some nor -  
mal  t i s sues  is f requently obse rved  in the zone surrounding a t umor  [6, 11]. 

It has recent ly  been shown that  t umor  cel ls  of ce r ta in  types  in cul ture s ec re t e  into the medium a 
substance which s t imula tes  DNA synthes is  in normal  f ibroblas ts  [19]. 
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