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ovary.  We do no t  know why,  dur ing normal  deve lopment ,  
no melanocytes  can be found in the  surface epi the l ium of 
the  Japanese  quail  gonad, while in the  par ie ta l  peri- 
toneum,  close to the  gonadal  hilus, numerous  p igment  
cells are present .  Our results  seem to indicate  t h a t  the  
spat ia l  d i s t r ibu t ion  of the  melanocy tes  in the  immedia te  
ue ighbourhood of t he  gonad de te rmines  whe the r  or no t  
pene t ra t ion  will t ake  place. 

Avian melanocy tes  are der ived f rom neural  cres t  ma- 
terialg. Tha t  melanocytes  can set t le  down  in sites of the  
test is  where  normal ly  in ters t i t ia l  cells are found,  sug- 
gests t h a t  the  la t ter  also m a y  be of neural  cres t  origin. 
This  s tudy  demons t r a t e s  how quail melanocytes  (local- 
ized in an easily manipulable  sheet  of per i toneum) may  
be used as cellular markers  in homospecif ic  as well as in 
heterospecif ic  t issue associations. 

Fig. 3. Section through the rim of the left ovary (from art 8-day-old 
chicken embryo), grown on CAM for 8 days, in the presence of pig- 
mented peritoneum (from a 10-day-old female quail embryo). A few 
melanocytes (arrows) have penetrated between the secondary sex 
cords. Tohfidine blue stain. 
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Summary. Pers i s ten t  h u m a n  m a m m a r y  lobules (PL) remain ing  after  t he  menopause ,  and cer ta in  a typica l  lobules 
(ALA) are morphologica l ly  similar  to the  common  preneoplas t ic  hyperp las t i c  alveolar  nodule (HAN) of mice of s trains 
hav ing  a high incidence of m a m m a r y  carcinoma.  This and o ther  evidence suggest  t h a t  like the  H A N  of mice h u m a n  
P L  and ALA are precancerous .  

I t  is general ly agreed t h a t  the  hyperp tas t i c  alveolar  
nodule  (HAN) is the  c o m m o n  kind of preneoplas t ic  lesion 
of the  m a m m a r y  gland of mice hav ing  a high incidence 
of m a m m a r y  adenocarc inoma ~, a. H A N  are lobuloalveolar  
in morpho logy  and are more  f requen t ly  observed in those  
s t ra ins  of mice which  have  a h igh incidence of m a m m a r y  
adenocarc inoma t h a n  in s t ra ins  which  have  a low inci- 
dence.  H A N  increase in n u m b e r  w i th  age, and are mos t  
f r equen t  in old re t i red  breeders .  H A N  can be shown by  
di rect  expe r imen ta l  nleans to' be preneoplas t ic  in t h a t  
cancer  arizes more  f r equen t ly  in t r a n s p l a n t e d  cell popu-  
la t ions der ived f rom H A N  t h a n  in popula t ions  der ived 
f rom normal  m a m m a r y  cells. Our search for preneoplas t ic  
lesions in the  h u m a n  breas t  provides  quan t i t a t i ve  morpho-  
logical evidence t h a t  cer ta in  kinds of h u m a n  lobules 
resembl ing  H A N  are precancerous .  This  evidence is based 
on quan t i t a t i ve  s tudies  of m a m m a r y  lesions in whole 
h u m a n  breas ts  uti l izing a subgross sampl ing  t echn ique  
wi th  histological  conf i rmat ion  4. 

The purpose  of th is  r epor t  is to demons t r a t e  our f ind- 
ings of s t r iking morphologica l  similari t ies be tween  the  
c o m m o n  lobular  H A N  of mice and two kinds of h u m a n  
lobular  lesions which we believe to  be precancerous  to 
inf i l t ra t ing duc t  carc inoma in the  human .  "eVe have  

des ignated  these  two kinds of h u m a n  tobules as I. persis- 
t e n t  lobules (PL) and 2. a typica l  lobules, type  A (ALA), 
and will define these fu r ther  in t he  tex t .  

M a m m a r y  gIands were ob ta ined  f rom 24 female mice 
as follows: C3H (retired breeders),  2 mice; BA L B/ c  (re- 
t i red  breeders),  10 mice; CF2 (retired breeders),  3 mice; 
GR (old virgins),  9 mice. Whole  glands were f ixed over- 
n igh t  in 10% buffered formalin,  s ta ined  wi th  iron hema-  
toxy l in  a t  p H  1.3-1.5, dehydra ted ,  and  s tored in methy l -  
sal icylate 5. 

210 whole h u m a n  m a m m a r y  glands were f ixed for 4 
weeks in 10% buffered formalin,  emb ed d ed  in 10~ 
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cer  Resea rch  Coord ina t i ng  Commi t t ee ,  Un ive r s i t y  of California.  
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gelatin,  sliced at  2 ram, s ta ined  wi th  hematoxy l in ,  de- 
hyd ra t ed ,  r insed in acetone,  and  t rans fe r red  to  m e t h y -  
sal icylate  in sealed plast ic  bags. The procedure  is de- 
scr ibed in deta i l  elsewhere*. 

B o t h  mouse  and h u m a n  m a m m a r y  glands  were  t h e n  
examined  for focal lesions w i t h  a dissect ing microscope 
and  subgross (2.5-10 • pho tog raphs  of all lesions made.  
E a c h  lesion was then  dissected out  of the  whole m a m -  
m a r y  gland or slice and  e m b e d d e d  in paraff in .  A conven-  
t iona l  h is to logy slide s ta ined wi th  h e m a t o x y l i n  and eosin 
was  p repa red  for correla t ion wi th  the  subgross  appearance .  

The subgross and histologic appearance  of H A N  was 
similar  in all s t ra ins  s tudied  and typi f ied  b y  Figures  1-3. 
The H A N  is lobular  and exists  in a g landular  background  
in which  normal  lobules are e i ther  ve ry  small  or to ta l ly  

lacking. Ind iv idua l  alveoli are l ined by an inner  layer  of 
secre tory  epi thel ia l  cells and  an outer  layer  of myoepi -  
thel ial  ceils. Secre tory  mate r ia l  m a y  be p resen t  in the  
lumens and cells. A few H A N  (about  5%) show var iable  
epi thel ial  anaplasia.  

The pe r s i s t en t  lobule (PL) of h u m a n s  is a morphologi-  
cally similar  1obule exis t ing in a pos tmenopausa l  g landu-  
lar  background  composed of small  a t roph ic  lobules (Fig- 
ures 4-6). Ind iv idua l  t e r m i n a t i n g  ductules  are usual ly  
lined by  ep i the l ium similar to  t h a t  observed in the  HAN,  
and  ident ical  to  t h a t  observed  in normal  h u m a n  lobules. 

The s t ruc tu re  we have  previous ly  des ignated  a typ ica l  
lobule, t ype  A (ALA) is, like H A N  and PL,  a lobule con- 
sist ing of a grouping of b l ind ly  ending  ductules  (Figures 
7-9). The ductules  in the  example  are lined by  tal l  

Fig. 1. Hyperplastic alveolar nodules (HAN) of mouse of GR straim No• individual terminal ctuct~fles (or alveoli), x 40. 
Fig. 2. Histology of the same HAN shown in Figure 1. • 46. 
Fig. 3. Same HAN shown in Figures 1 and 2. Terzninal ductules have small amount of secretion. • 205. 
Fig. 4. Persiatei~t lobule (PL) of post-menopausal human female. Individual ductules are clearly seen. • 30. 
Fig. 5. Histology of the same PL shown in Figure 4. • 29. 
Fig. 6. Same PL shown in Figures 4 and 5. • 143. 
Fig. 7. Atypical lobule, type A (ALA) of post-menopausal human female. Note individual ductules. • 14. 
Fig. 8. Histology of the same ALA shown in Figure 7. • 16. 
Fig. 9. Same ALA shown in Figures 7 and 8. Note individual duetules. • 158. 
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c o l u m n a r  e p i t h e l i u m  wi th  apical  ' apocr ine '  blebs.  O t h e r  
A L A  show grea te r  epi thel ia l  a n a p l a s i a  wh ich  g rades  in to  
c a r c i n o m a - i n - s i t u  of t he  classical  duc t a l  type .  The  essen-  
t ia l  d i f ference b e tween  P L  and  A L A  is t h a t  the  e p i t h e l i u m  
of P L  is u s u a l l y  n o r m a l  in a p p e a r a n c e ;  whereas ,  t h e  
e p i t h e l i u m  of A L A  shows  va r i ab le  anaplas ia .  

The re  is, therefore ,  a s t r ik ing  morpho log ica l  s imi l a r i ty  
be tween  the  H A N  of m a m m a r y  g lands  of nfice a n d  t he  
P L  a n d  A L A  of h u m a n  m a m m a r y  glands .  Our  p rev ious  
d a t a  ~ ind ica te  t h a t  P L  a n d  A L A  are more  f r e q u e n t  in 
the  m a m m a r y  g l an d s  of p a t i e n t s  whose  clinical  h i s tor ies  
s ugges t  t h a t  t h e y  are a t  h i g h  risk. F u r t h e r  P L  a n d  A L A  
t end  to  pe r s i s t  a f t e r  t he  m e n o p a u s e  in a b a c k g r o u n d  of 
a t r oph i c  lobules.  P L  and  A L A  show a morpho log ica l  
s equence  of i nc reas ing  a t y p i a  f o r m i n g  a c o n t i n u u m  be- 
tween  n o r m a l  lobules  on t he  one h a n d  and  ca rc inoma- in -  
s i tu  on the  o the r  4. These  f ea tu res  of P L  a n d  A L A  ind ica te  
tha t ,  like H A N ,  t h e y  m a y  be biological ly  p recancerous .  

Some earl ier  wo rk  ~-9 sugges t s  t h a t  m o s t  m a m m a r y  
dysp l a s i a s  an d  c a r c i n o m a s  of h u m a n s  arize in lobules  a nd  
the i r  i m m e d i a t e  t e r m i n a l  d u c t s  r a t h e r  t h a n  in larger  
duc ts .  Our  own p rev ious  work  ~~ ha s  c lear ly  s h o w n  t h a t  
t he  sm a l l e s t  an d  ear l ies t  geograph ica l ly  i so la ted  loci of 
duc t a l  c a r c i n o m a - i n - s i t u  are f ound  in lobular  s t r u c t u r e s  
like P L  an d  ALA.  

R e c e n t l y  we h a v e  t r a n s p l a n t e d  h u m a n  P L  and  A L A  
in to  t h e  h o s t  g landf ree  fa t  pads  of n u d e  a t h y m i c  mice*l.  

The  resu l t s  ind ica te  t h a t  ]?L a n d  A L A  f rom b reas t s  over  
50 years  of age are more  l ikely to  s h o w  morpho log ica l  
ev idence  of ' ded i f f e ren t i a t ion '  t h a n  P L  a nd  A L A  f rom 
y o u n g e r  breas t s .  Th i s  sugges t s  t h a t  some  morpho log ic  
i n s t a b i l i t y  is p r e s e n t  in older p e r s i s t e n t  m a m m a r y  lobular  
lesions,  a nd  t h i s  i n s t a b i l i t y  m a y  be ind ica t ive  of e n h a n c e d  
p recance rous  po ten t ia l .  

Our  resu l t s  ind ica te  t h a t  t he  s tud ie s  of m u r i n e  m a m -  
m a r y  t u m o r s  are  h i g h l y  r e l e v a n t  to  t h e  h u m a n  case. In-  
a s m u c h  as h u m a n  lobules  a n d  p r e s u m p t i v e l y  preneo-  
p las t ic  lobular  lesions suc h  as P L  a nd  A L A  c a n  now be 
recognized a nd  r e m o v e d  f rom l iv ing h u m a n  t i s sue  w i th  
a d i ssec t ing  microscope,  new a v e n u e s  of d i rec t  exper i -  
m e n t a t i o n  w i t h  excized h u m a n  m a m m a r y  t i s sue  become 
possible.  
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Summary .  T h u r i n g i e n s i n  A, an  exo tox in  f rom Bacil lus  thuringiensis,  a c o n s t i t u e n t  of the  microbia l  insec t ic ide  thur ic ide  
has  been found  to inh ib i t  mi to t i c  spindle,  condense  a nd  sca t t e r  c h r o m o s o m e s .  I t  m a y  therefore  be a p romiz ing  tool  
in f u t u r e  cell biological s tudies .  

A l t h o u g h  a wide v a r i e t y  of chemica l s  are k n o w n  to  
effect  the  m i to t i c  p rocess  in t he  roo t  mer i s t ems ,  on ly  a 
few, like v inb la s t ine ,  are k n o w n  to cause  C-mi to t i c  effect  
i nh ib i t i ng  sp indle  a n d  c o n s e q u e n t l y  y ie ld ing  c o n d e n s e d  
and  well sp read  c h r o m o s o m e  con f igu ra t i ons  and,  on re- 
covery ,  t e t r ap lo id  cells 2. Here  we repor t  s imi la r  a c t i v i t y  
b y  t he  e x o t o x i n  of Bacil lus  thuringiensis,  which  is a f i rs t  
r epo r t  of C-mi to t i c  a c t i v i t y  b y  a n y  bac te r ia l  tox in .  

Effective minimal concentrations of some anti spindle agents on 
root meristems of A llium cepa ~, 9 

Compound Beginning of Full anti spindle 
anti spindle effect (M/ml) 
effect (M/ml) 

Exotoxin 3.4 • 10 s (25 ppm) 1.37 • 10 -~ (100 ppm) 
HexanitrodiphenyI- 
amine 5.0 x 10 -9 
Vinblastine 4.4 x 10 -7 
Vincristine 4.4 • 10 -7 
Griseo fulvin 
Colehieine 2.5 x 10 -T 
Phenyl urethane 6.0 x 10 -: 
p-Hydroxy- 
aeetophenone 10 -5 
Autipyrene 10 -3 

2.0• 9 
2.2 • 10 -s 
2.25 • 10 -s 
2.5 • 10 -s 
1.25 • 10 -7 
1.2 X 10 -7  

2.0 • 10 -6 
4.0• ~ 

The  exo tox in ,  a n  A M P - d e r i v a t i v e  a, is tox ic  to  a wide 
v a r i e t y  of insec t  pests% p l a n t  p a t h o g e n i c  n e m a t o d e s  a 
a nd  also to m a m m a l i a n  s y s t e m s  ~ where  i t  i nh ib i t s  D N A-  
d e p e n d e n t  R N A  p o l y m e r a s e L  However ,  t he re  h a s  been 
no i n v e s t i g a t i o n  on t he  mi to t i c  a nd  c h r o m o s o m a l  i m p a c t  
of th i s  toxin .  

The  t o x i n  is pur i f ied  f rom the  cu l tu re  f i l t ra tes  of B. 
thuringiensis  accord ing  to t he  m e t h o d  of KIM a nd  
HUA~G s. Growing  roo t  m e r i s t e m s  of A l l i u m  cepa are 
t r e a t e d  in d i f fe ren t  c o n c e n t r a t i o n s  (25-1000 ppm)  of 
a q u e o u s  e x o t o x i n  so lu t ions  (Thur ing iens in  A) for d i f fe rent  
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