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Control of Chick Epidermis Differentiation by Rabbit Mammary Mesenchyme 

N u m e r o u s  s tud ies  h a v e  shown  t h a t  t he  q u a l i t a t i v e  
reg iona l  d i f f e r en t i a t i on  of e m b r y o n i c  ep ide rmis  depends  
on  specific d e r m a l  s t imul i .  Thus ,  in  b i rd  e m b r y o n i c  
epidermis ,  f ea the r s  are i nduced  b y  dorsa l  de rmis  1, p r een  
g land  b y  u ropyg ia l  de rmis  ~ and  scales b y  t a r s o m e t a t a r s a l  
de rmis  s. Tissues  o the r  t h a n  ch ick  de rmis  can, however ,  
p r o m o t e  f ea the r  d i f f e r en t i a t i on  in ch ick  ec toderm.  Such  
h e t e r o t y p i c  i n d u c t i o n  t akes  place  w h e n  5-day ch ick  
e m b r y o  corneal  e p i t h e l i u m  4 or 6-day ch ick  dorsa l  epi- 
de rmis  5 i n t e r a c t  w i t h  mouse  dermis .  Thus ,  ch ick  epi- 
de rmis  is t h o u g h t  to  be  p r e d e t e r m i n e d  for f ea the r  
f o r m a t i o n  wh ich  occurs  w h e n  i t  is associa ted  w i t h  a n y  
t y p e  of m e s e n c h y m e  6. 

W h e n  r a b b i t  m a m m a r y  m e s e n c h y m e  is used as a 
d e r m a l  s u p p o r t  for ch ick  ep ide rmis  d i f fe ren t ia t ion ,  t h e  
resu l t s  o b t a i n e d  are d i f ferent .  W e  h a v e  p rev ious ly  s h o w n  
t h a t  in 12- a n d  13-day r a b b i t  embryos ,  m a m m a r y  
m e s o d e r m  in i t i a t e s  t he  t r a n s f o r m a t i o n  of f l ank  ep ide rmis  
in to  m a m m a r y  e p i t h e l i u m  and  s u b s e q u e n t  a p p e a r a n c e  
of m a m m a r y  budsT. R e c o m b i n a n t s  of 6- and  7-day chick  
(or 6- to  8-day duck) e m b r y o n i c  ep idermis  and  12- to  
14-day r a b b i t  e m b r y o  m a m m a r y  mesoderm,  freed b y  
t ryps in i za t i on ,  were  cu l tu red  in v i t ro  for 1 week. T h e y  
yie lded spher ica l  or e longa ted  ep i the l ia l  buds ,  d i sp lay ing  
a t h i c k  b a s e m e n t  m e m b r a n e  w i t h  a s u r r o u n d i n g  mesen-  
c h y m a l  s h e a t h  s. T h e i r  shape  was s imi la r  to  t h a t  t a k e n  b y  
r a b b i t  m a m m a r y  g land  d u r i n g  i ts  deve lopmen t ,  be tween  
15th  and  23rd day.  

To  o b t a i n  f u r t h e r  morphogenes i s  of these  buds ,  
h e t e r o t y p i c  assoc ia t ions  were g ra f ted  on to  t he  chorio-  
a l lan to ic  m e m b r a n e  of 9-day ch ick  embryos .  Only  7 
r e c o m b i n a n t s  ou t  of 39 g ra f t ed  gave  i n t e r e s t i ng  results ,  
a f t e r  10 or 11 days.  The  o thers  were lost  or necrot ized.  I n  
5 of these  cases, t he  ep i the l ia l  b u d s  fo rmed  were s l ight ly  
more  deve loped  t h a n  in o rgan  cu l tu re  and  were sur-  
r o u n d e d  b y  a wel l -deve loped  m e s e n c h y m a l  s h e a t h  wh ich  
was h i g h l y  vascu la r ized  b y  t he  a l lan to ic  vessels.  I n  
each  of t he  two  l a t t e r  grafts ,  h e t e r o t y p i c  i n t e r ac t i ons  
b e t w e e n  6-day  ch ick  e m b r y o  ep idermis  and  13-day 

r a b b i t  e m b r y o  m a m m a r y  m e s o d e r m  resu l t ed  in  fe ta l  
m a m m a r y  g land- l ike  s t ruc tu re s  (Figure  1), i nc lud ing  a 
ke ra t i n i z ing  p r i m a r y  b u d  a n d  p r i m a r y  sp rou t s  e longa t ing  
in t h e  mesenchyme .  T h e  n u m b e r  of p r i m a r y  sp rou t s  (8) 
was  t h e  same as in  t h e  con t ro l  fe ta l  r a b b i t  m a m m a r y  
gland.  T h e  p r i m a r y  b u d  a n d  t h e  sp rou t s  were sur-  
r o u n d e d  b y  a 5-cel ls- thick s t roma l  capsule,  d i f f e r en t i a t ed  
b y  m e s e n c h y m a l  cells u n d e r  ep i the l i a l  inf luence.  

U n d o u b t e d l y ,  these  s t ruc tu re s  h a v e  been  induced  in 
ch ick  ep idermis  b y  m a m m a r y  mesenchyme .  T h e  fe ta l  
m a m m a r y  g land  does n o t  d i sp lay  a n y  fea tu re  specific 
to  i ts  own m a m m a r y  condi t ion ,  b u t  i t s  b r a n c h i n g  
p a t t e r n  does. However ,  f r om t h e  b e g i n n i n g  of i ts  develop-  
men t ,  t h e  m a m m a r y  g land  is cha rac t e r i zed  b y  i ts  g lycogen 
c o n t e n t  w h i c h  is located,  d u r i n g  t h e  s p r o u t i n g  phase ,  in  
t h e  p r i m a r y  b u d  a n d  a t  t h e  t ip  of t h e  sprouts .  Af te r  P A S  
s ta in ing,  t h e  ch imer ic  m a m m a r y  g land- l ike  s t ruc tu re s  
e x h i b i t  a g rea t  a m o u n t  of g lycogen in t h e  inne r  cells of 
the  p r i m a r y  b u d  wh ich  undergo  ke ra t in i za t ion ,  an d  a t  t h e  
p r i m a r y  sp rou t s  ex t r emi t i e s  (Figure 2). Cont ro l  cu l tu res  
h a v e  shown  t h a t  a t  places where  ch ick  ep ide rmis  r e m a i n e d  
unaf fec ted  b y  m a m m a r y  mesoderm,  i ts  cells d id  n o t  
syn thes ize  g lycogen an d  only  t h e  b a s e m e n t  m e m b r a n e  
reac ted  w i t h  PAS.  Glycogen  syn thes i s  is t h u s  i nduced  in 
ch ick  cells b y  m a m m a r y  mes en ch y me .  At  t h e  same t ime,  
ch ick  ep i the l ia l  cell s t a in ing  w i t h  h e m a t o x y l i n ,  wh ich  
is usua l ly  r a t h e r  pale, becomes  darker ,  sugges t ing  some 
changes  in t h e  cy tod i f f e r en t i a t i on  of these  ceils (a modi -  
f i ca t ion  of t he i r  b a s o p h i l i a )  
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Fig. 1. A mammary gland-like structure induced by 13-day mammary mesenchyme in 6-day chick embryo epidermis, showing the primary 
bud (P), 2 secondary buds and a primary sprout (S). Notice the dark staining of chick epithelial cells and the well-developed connective 
sheath (arrow). Hematoxylin, eosin. X 230. Fig. 2. Localization of glycogen in another chimeric gland. Glycogen is abundant in keratinizing 
inner cells of the primary bud (K) and at the tip of the primary sprouts (S). The gland is circumscribed by the connective sheath (arrow). 
PAS, methyl green. X 130. 
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These  resu l t s  d e m o n s t r a t e  a n  i n s t r u c t i v e  effect  exe r t ed  
b y  m a m m a r y  m e s e n c h y m e  on chick  ep idermis  d i f fe rent ia -  
t ion.  H e t e r o t y p i c  i n t e r ac t i ons  be t w een  t he  t i ssues  resu l t  
in  a m a m m a r y - l i k e  morphogenes i s  which  ch ick  ep ide rma l  
ceils undergo.  At  first ,  a spher ica l  ep i the l ia l  b u d  develops,  
wh ich  becomes  e longa ted  before  t he  s p r o u t i n g  of t h e  
seconda ry  buds  whi le  i t s  i nne r  cells ke ra t in ize  and  
syn thes ize  glycogen.  Since m e s e n c h y m a I  ceils organize  
t hemse lves  in to  a connec t ive  s h e a t h  a r o u n d  t h e  sprouts ,  
i n d u c t i v e  i n t e r ac t i ons  occur r ing  in t he  r e c o m b i n a n t s  
are s imi la r  to  those  t a k i n g  place  d u r i n g  n o r m a l  m a m m a r y  
deve lopmen t .  M a m m a r y  m e s e n c h y m e  t h u s  cont ro l s  no t  
on ly  t he  b r a n c h i n g  p a t t e r n  of t he  s t ruc tu re s  d i f f e ren t i a t ed  
b y  ch ick  epidermis ,  b u t  also cell cy tod i f f e r en t i a t i on  a n d  
me tabo l i sm.  How m a m m a r y  m e s e n c h y m e  can  inf luence  
ch ick  ep ide rma l  cells has  no t  ye t  been  expla ined.  W e  m u s t  
conclude  t h a t  ch ick  cells possess some surface p roper t i e s  
a l lowing t h e m  to  i n t e r a c t  w i t h  m a m m a r y  mesenchyme ,  
and  t he  genet ic  i n f o r m a t i o n  necessa ry  for t h e  bu i ld ing  
up  of m a m m a r y - l i k e  s t ruc tures .  E x p e r i m e n t a l  m a m m a r y -  
l ike morphogenes i s  t akes  place fas te r  t h a n  n o r m a l  
m a m m a r y  g land  d e v e l o p m e n t  in v ivo  (12 days  ins t ead  
of 16): t he  res t ing  phase  is the re fore  r educed  w i t h  ch ick  
ep i the l ium.  

These  resul t s  m a y  be  c o m p a r e d  w i t h  those  of KOLLARg: 
4- or 5-day ch ick  e m b r y o n i c  m a n d i b u l a r  ep i the l i um 
in t e r ac t s  w i t h  t he  d e n t a l  pap i l l a  of 15-day mouse  e m b r y o  
t o o t h  germs, whose  ceils d i f f e ren t i a t e  as o d o n t o b l a s t s  
whi le  m a t r i x  mate r ia l ,  cha rac t e r i s t i c  of t o o t h  develop-  
men t ,  forms a deposi t .  A genet ic  c o m p a t i b i l i t y  be tween  

ch ick  a n d  m a m m a l i a n  t i ssues  is p e r h a p s  i n v o l v e d  in 
these  h e t e r o t y p i c  in t e r r e l a t ionsh ips .  

The  compe tence  of ch ick  ep ide rma l  ceils to  r eac t  w i t h  
m a m m a r y  m e s e n c h y m e  suggests  t h a t  t h e y  can  be  
inf luenced  b y  an  induce  t ab l e  to  p r o m o t e  a morphogenes i s  
wh ich  does no t  n o r m a l l y  occur. E x p e r i m e n t s  are unde r -  
way  to  i nves t i ga t e  if these  m a m m a r y - l i k e  s t ruc tu re s  
could be  s t i m u l a t e d  to secrete  p ro t e in s  u n d e r  h o r m o n a l  
inf luence.  

Rdsumd. Le m 6 s e n c h y m e  m a m m a i r e  d ' e m b r y o n  de 
lap in  de 13 jours  i n d u i t  dans  i ' 6p ide rme  e m b r y o n n a i r e  
de pou le t  de 6 jours,  la d i f f6 renc ia t ion  de s t r u c t u r e s  
r e s s e m b t a n t  ~ des g landes  m a m m a i r e s  Icetales, apr~s 2 
jours  de cu l tu re  in  v i t ro  et  10 jours  de greffe sur  la 
m e m b r a n e  chor io -a l l an to id ienne  d ' e m b r y o n  de poule t .  
L a  r @ a r t i t i o n  du  glycog~ne, syn th6 t i s6  p a r  les cellules 
6pith61iales de pou le t  sous l ' in f luence  du  m 6 s e n c h y m e  
m a m m a i r e  est  i den t i que  ~t celle des g landes  t6moins ,  ce 
qui  signifie que  la r a m i f i c a t i o n  des bourgeons  6pi th6-  
l iaux  e t  le m 6 t a b o l i s m e  des cellules 6p idermiques  son t  
6ga lement  sous le contr61e du  m 6 s e n c h y m e  m a m m a i r e .  
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Phosphory lase  in the Adult  Rat Test is:  The Use  

P h o s p h o r y l a s e  has  been  d e m o n s t r a t e d  h i s tochemica l ly  
in  t h e  adu l t  r a t  tes t i s  us ing  TAKEUCHI'S t e c h n i q u e  1-~. In  
a g r e e m e n t  w i t h  o t h e r  au t ho r s  ~ in a series of i nves t iga t ions  
us ing  th i s  t echn ique ,  we were u n a b l e  to  conf i rm th i s  
f ind ing  5. More recent ly ,  however ,  mod i f i ca t ions  h a v e  
been  m a d e  to t he  or ig ina l  t e c h n i q u e  of TAI(EUCHI 6-11, 
one of t he  mos t  i n t e r e s t i ng  of which  is t he  use of dex t ran ,  
f i rs t  i n t r o d u c e d  b y  MEIJER 1~ 12 The  a im of t he  p re sen t  
i nves t i ga t i on  was to s t u d y  t h e  effect  of d e x t r a n  on  t he  
h i s tochemica l  d e m o n s t r a t i o n  of phosphory la se  in t h e  
adu l t  r a t  test is .  

Materials and methods. 30 a d u l t  r a t s  (Wistar)  were 
used in these  expe r imen t s .  B iopsy  spec imens  of t e s t i cu la r  
t i s sue  were i m m e d i a t e l y  f rozen a t  - 7 0 ~  on d r y  ice and  
abso lu te  e thy l  alcohol.  12 ~ m  sect ions  cu t  on t he  c r y o s t a t  
were i n c u b a t e d  in a m e d i u m  c o n t a i n i n g  0.2 M ace ta te  
buffer  p H  5.6, g lucose - l -phospha te ,  N a F  and  E D T A  for 
t h e  h i s tochemica l  d e m o n s t r a t i o n  of ac t ive  phosphory lase .  
The  same  i n c u b a t i o n  med ium,  w i t h  t he  a d d i t i o n  of 20 m g  
AMP, was emp loyed  for t h e  d e m o n s t r a t i o n  of i nac t i ve  
phosphory lase .  O t h e r  sect ions  were i n c u b a t e d  in  t he  same 
m e d i u m  to wh ich  d e x t r a n  (500,000 mol .wt . )  h a d  been  
added  in t h e  r a t io  2 g/25 cm 3 m ed i um .  The  sect ions  
i n c u b a t e d  a t  37~ for 1 h a n d  washed  in 4 0 %  e t h y l  
a lcohol  were f ixed in abso lu te  e thy l  a lcohol  a n d  s t a ined  
b y  t he  Sch i f i -d imedone  m e t h o d  ~3. Cont ro l  sect ions  were 
i n c u b a t e d  in a m e d i u m  w i t h o u t  subs t ra t e .  

Results. W h e n  d e x t r a n  is used in t h e  i n c u b a t i o n  m ed ium,  
t he  r eac t ion  p r o d u c t  of ac t ive  p h o s p h o r y l a s e  is v e r y  f a in t  
and  is v is ib le  as f ine granules  local ized inside t he  t ubu le s  
in  close p r o x i m i t y  to  t he  t u b u l a r  wail. T he  t u b u l a r  wal l  
i tself  a n d  t h e  i n t e r s t i t i u m  also show a pos i t ive  reac t ion .  
W i t h  d e x t r a n  t he  r eac t ion  p r o d u c t  of i nac t ive  p h o s p h o r y -  
lase is m u c h  s t ronger  a n d  appea r s  as wel l - s ta ined  granules  
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d i s t r i b u t e d  t h r o u g h o u t  t h e  tubule ,  be ing  more  e v i d e n t  
close to  t he  t u b u l a r  wal l  and  in t h e  p e r i p h e r a l  zone of t h e  
p r e p a r a t i o n  (Figures 1 and  2). Also in th i s  case, t he  
r eac t ion  is s t rong ly  pos i t ive  a long  t he  t u b u l a r  wal l  a n d  
t he  i n t e r s t i t i u m .  Sect ions  i n c u b a t e d  in t he  m e d i u m  
w i t h o u t  d e x t r a n  show no reac t ion .  

Discussion. P h o s p h o r y l a s e  appea r s  to  be  h i s tochemi -  
cal ly de t ec t ab le  w i t h  t he  use of d e x t r a n  a n d  is v is ib le  in 
t he  fo rm of f ine granules  ins ide  t he  semini fe rous  tubu le .  
I n  a p rev ious  series of inves t iga t ions ,  in c o n t r a s t  to  o the r  
au tho r s  1-~, we were u n a b l e  to  de t ec t  p h o s p h o r y l a s e  
h i s tochemica l ly  in  t h e  a d u l t  r a t  tes t is .  Our  p r e sen t  
research  conf i rms  th i s  ear l ier  f inding.  I t  is the re fo re  
feasible  to  h y p o t h e s i z e  t h a t  dex t r an ,  a p r e d o m i n a n t l y  
1 :6  l inked  glucose po lymer ,  is able  to  serve as glucosyl-  
accep tor (pr imer )  for t he  d e m o n s t r a t i o n  of p h o s p h o r y l a s e  
activity10, 12. Th i s  a d d i t i o n  of d e x t r a n  to  t he  i n c u b a t i o n  
m e d i u m  t h u s  appea r s  to  be i m p o r t a n t  s ince i t  m a k e s  
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