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Autoradiograph of rabbit retina, 
4 h after the intravitreal injection 
of 25 p.Ci 3H-serine (generally 
labelled). There is radioactivity in 
4 ganglion cells, in a layer near the 
external limiting membrane and 
for the rest rather diffusely 
throughout the retina. Left, focus 
on the grains; right, focus on the 
section. Phase contrast micro- 
graph. • 450. 

art if icial  l abora to ry  i l luminat ion.  Other  r abb i t  re t inas  
were incuba ted  (15 rain) as previously  descr ibed ~ wi th  
the  t r i t i a t ed  serine, i tzCi/ml before being processed.  Ex-  
posure t imes  of the  au to rad iographs  were 1 to 3 months .  

No convincing selective labell ing of re t inal  amacr ine  
neurons  was seen. The r ad ioac t iv i ty  had  appa ren t l y  ac- 
cmnu la t ed  (Figure) to a large e x t e n t  in glial ceils (Miiller 
cells) and in the  ganglion cells. Par t i cu la r ly  af ter  24 h 
there  was also a s t rongly  rad ioac t ive  zone in the  photo-  
receptors .  The p a t t e r n  is ve ry  similar to w h a t  is seen wi th  
a n u m b e r  of o ther  amino  acids no t  suspected  of being 
neu ro t r ansm i t t e r s  or n e u r o t r a n s m i t t e r  precursors  6. By  
wai t ing  for 24 h af ter  the  in t rav i t rea l  injection,  it  was 
hoped  to  reveal  accumula t ion  into the  neurona l  pool 
w i th  slow turnover ,  bu t  no such effect  was evident .  

Thus, i t  is no t  possible to t ag  the  p resumed  glycinergic 
neurons  wi th  the  precursor  serine. This  is in con t ras t  wi th  
w h a t  is seen in, e.g.,  ca techolaminerg ic  neurons  where 
dopa  is readi ly  conver ted  to  dopamine  or noradrenal ine.  
The reason for the  failure w i th  serine is not  apparen t ,  bu t  
one possibi l i ty  is t h a t  the  enzyme conver t ing  serine to 
glycine is being kep t  inact ive in the  cells under  the  con- 
di t ions of the  expe r imen t  resul t ing in no or l i t t le de novo 
synthes is  of t r a n s m i t t e r  glycine. By  compar i son  the  ra te  
l imit ing enzymes  in the  ca techo lamine  synthes is  are 
similarly subjec t  to  regulat ion in the  neurons  9. 

H. TUOX•EN and F. OEseH, in New Concepts in Neurotransmitter 
Regulation. (Ed. A. J. MANDELL; Plemnn Press, New York-Lon- 
don 1973), p. 33. 
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Avian Gonads ,  G r o w n  on Chicken Chorioal lanto ic  M e m b r a n e  
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Summary.  After  associat ion on chorioal lantoic  m e m b r a n e  (CAM) of an embryon ic  bird tes t is  wi th  p igmen ted  pe r i toneum 
f rom a Japanese  quail  embryo,  numerous  melanocytes  pene t r a t e  in its in ters t i t ia l  tissue. If, ins tead  of a testis,  an 
ovary  is t r a n s p l a n t e d  unde r  similar condit ions,  t hen  the  melanocytes  m a y  be found in the  medul la  or be tween  the  
secondary  sex cords a t  the  r im of the  ovary.  

Af te r  a per iod of elect ive chimiotac t ic  a t t r ac t ion  for 
germ cells 2, the  surface epithel ial  cells of the  gonad 
pene t r a t e  toge the r  w i th  these  germ cells into the  under-  
lying s t roma  and form sex cords. In  the  p resen t  work,  
we have  s tudied  the  behav iour  of ex t ragonada l  p igmen ted  
coelomic ep i the l ium (from quail  embryos)  when  placed 
in con tac t  w i th  avian  gonads,  jus t  a f ter  the i r  sexual  dif- 
ferenta t ion.  

Material and methods. The left  gonad f rom 9- to 11- 
day-old  Japanese  quail  embryos ,  or f rom 8-day-old chick 
embryos ,  was placed on the  CAM of 7- to 9-day-old chick 
embryos  according to  t he  t echn ique  of HARRIS a. A sheet  
of p igmen ted  par ie ta l  pe r i t oneum f rom the  infero-lateral  
p a r t  of the  a b d o m e n  (either f rom female or male 10-day- 
old quail  embryos)  was placed over  these gonads.  Then,  
6 to 9 days  later, the  t r ansp l an t s  were excised and  f ixed 

in acetic-alcohol (l:3v). Af te r  dehydra t ion  and  embed-  
ding in paraff in ,  the  t r ansp lan t s  were sect ioned at  7 am 
thickness .  For  each t r ansp l an t  the  sex of t he  host  on 
which  it developed was noted.  The sect ions were s ta ined 
wi th  toluidine blue, PAS or Feulgen.  

Results and discussion. In  the  10-day-old Japanese  
quail  embryo  (wild type) p igmen ted  coelomic ceils can 
usually be seen under  the  s tereomicroscope (X120). Their  
n u mb er  increases in older embryos  and af ter  ha tching.  
They  are mos t  numerous  on the  inferior and  poster ior  
walls of the  per i toneal  cavi ty.  

1 The author is very grateful to Prof. L. VAKAET, R. U. C. A., Ant- 
werp, for his valuable suggestions, and to Miss C. VANIIOECKE 
for her technical assistance. 
R. DuBols, J. Embryol. exp. Morph. 20, 189 (1968). 

3 j .  HARRIS, Ann. natn. Acad. Sci., USA 76, 764 (1958). 
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Fig. 1. Section through the left testis (from a 10-day-old Japanese 
quail embryo), grown on CAM for 8 days, in the presence of pig- 
inented parietal peritoneura from a female quail embryo of the same 
age. The melanocytes have invaded the testicular interstitial tissue. 
PAS stain. 

Fig. 2. Section through the left ovary (from a 10-day-old Japanese 
qnail embryo), grown on CAIVl for 8 days, in the presence of pig- 
mented parietal peritoneum from the same embryo. The melano- 
cytes are chiefly localized ill the neighbourhood of the distended 
medullary sex cords. Toluidine blue stain. 

4 F. WEIDENR~ICH, Z. Morph. Anthrop. 2, 59 (1912). 
5 D. STARCK, Ha~cdbuch der Haut-  und Geschlechtskm~cl~heite~ 

(Springer, Berlin, G6ttingen, Heidelherg 1964). 
6 M. CALLEBAUT, Experientia 2z/, 1242 (1968). 

A. GROPP and S. OHNO, Zellforseh. 74, 505 (1966). 

In  some places the i r  per i -ar ter ia l  localization is obvious. 
Their  cell body  and  its ramif ica t ions  conta in  numerous  
round or ovoid black granules.  Unde r  na tura l  condit ions,  
these  melanocytes  are never  found in the  surface epi- 
the l ium of the  gonads.  In  some quails, however ,  t h e y  are 
p resen t  in the  pe r i t oneum sur rounding  the  gonadal  hilus 
or even in the  hilus. Melanocytes  have  been observed in 
the  tes tes  of some species of birds*, 5. In  our expe r imen ta l  
condi t ions ,  the  p igmen ted  per i toneal  layer  usual ly t rans-  
forms into a p igmen ted  vesicle which  sur rounds  tile as- 
sociated gonad. In  the  large meshes  of this vesicle, the  
melanocytes  have  an irregular  d is t r ibut ion .  Their  mela- 
nin granules can easily be seen in uns ta ined  paraff in  sec- 
t ions  and remain  visible af ter  Feulgen or PAS staining.  
W h e n  associated wi th  an embryon ic  avian testis,  on 
CAM, t h e y  invade  p a r t  or the  whole surface of th is  organ, 
and f rom there  seem to p e n e t r a t e  into the  tes t icular  
in ters t i t ia l  t issue (Figure 1). They  m a y  be seen even in 
the  most  cent ra l  p a r t  of the  testis.  They  never  pene t r a t e  
into the  seminiferous cords. Some of the  melanocytes  are 
in close associat ion wi th  the  wall of the  blood vessels of 
the  inters t i t iaI  t issue. Female  as well as male melanocytes  
pene t r a t e  into an avian tes t is  g raf ted  on the  CAM of 
female or male hosts .  The observed pene t ra t ion  mech-  
anism seems to be elective for in ters t i t ia l  t issue, since, 
in expe r imen t s  where  in addi t ion  to a left gonad also the  
cor responding  adrena l  gland or a piece of me taneph ros  
was t r ansp lan ted ,  no migra t ion  of melanocytes  into these  
organs could be observed.  U n d e r  na tu ra l  condi t ions  also, 
we have  no t  found melanocytes  in the  la t t e r  organs, 
despi te  the  fact  t h a t  t h e y  are par t i a l ly  covered by  pig- 
m e n t e d  par ie ta l  pe r i toneum.  

W h e n  an ova ry  of a 9- to  10-day-old Japanese  quaiI 
embryo  (i.e. 3 days  af ter  sexual  different ia t ion)  is t rans-  
p lan ted  in associat ion wi th  p igmen ted  parietal  per i to-  
n e u m  of the  same embryo,  t hen  numerous  melanocytes  
m a y  be found in the  deeper  pa r t  of the  ovar ian medul la  
(chiefly a round  the  d i s tended  medul la ry  cords, der ived 
f rom the  p r i m a r y  sex cords), bu t  never  in the  cortical  
region (Figure 2). 

When  an ova ry  of an 8-day-old chick embryo  (i. e. jus t  
a f ter  different iat ion)  is t r a n s p l a n t e d  toge ther  wi th  pig- 
m e n t e d  ex t r agonada l  coelomic ep i the l ium of a female 
quail  embryo,  melanocytes  m a y  be found in the  deeper  
p a r t  of the  medul la  bu t  also be tween  the  secondary  sex 
cords a t  the  r im of tile ovary  (Figure 3). 

This seems to indicate  t h a t  in pa r t s  of the  ovar ian 
cor tex  wi th  a less advanced  d e v e l o p m e n t  and wi th  still 
po tent ia l i t ies  of the  indi f ferent  gonad,  the  melanocytes  
m a y  pene t r a t e  also. We do no t  know if the  invasion of 
the  ovar ian  cort ical  r im by  melanocy tes  occurs via the  
medul la  or d i rec t ly  t h ro u g h  the  surface epi thel ium. Ex-  
pe r imen t s  w i th  younger  ovaries m a y  p robab ly  afford 
more  detaiIs of the  pene t r a t i on  mechanism.  If  sect ions 
f rom t r ansp l an t ed  chicken gonads,  in which quail  mela-  
nocy tes  have  pene t ra ted ,  are s ta ined wi th  toluidine blue 
or by  the  Feulgen nucleal  react ion,  no o ther  cells wi th  
the  typica l  ch roma t in  d i s t r ibu t ion  of quail nuclei (first 
descr ibed by  CALLEBAI:T G} can be found wi th in  the  gonad. 
This  would seem to indicate  t h a t  melanocytes  are the  
only quail  cells capable  of pene t r a t i ng  the  gonad. 

GROPP and  OHNO 7 assumed tha t ,  in mammal ia ,  the  
in ters t i t ia l  cells of the  test is  and the  follicle cells of the  
ova ry  are homologous.  In  cont ras t ,  our results  seem to 
indicate  t h a t  in b i rds  there  is no homology  be tween  these 
s t ructures .  Indeed ,  in our exper imenta l  condit ions,  
me lanocy tes  are never  found in the  tubul i  of tile tes t is  
nor  in the germinal  epi the l ium and  secondary  sex cords 
(containing the  precursors  of the  follicle cells s) of the  
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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. 

8 sA/[. CALLI213AUT, Experientia, 32, in press (1976). 
9 1~" DORRIS, J. exp. Zool. 80, 315 (1939). 

P e r s i s t e n t  and  A t y p i c a l  L o b u l e s  in  the  H u m a n  B r e a s t  m a y  be  P r e c a n c e r o u s  ~ 

S. R. WELLINGS, H. M. JENSEN and M. R. DEVAULT 

Department o/ Pathology, School o/ Medicine, University o/ Cali/ornia, Davis (Cali/ornia 95676, USA), 37 May 7976. 

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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