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Table II. Infection of mouse cells and clones of mouse-human cell hybrids with adenovirus type 12 �9 
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Cell clone Human chromosomes present Frequency of Adl2 DNA synthesis ~ Frequency of 
T-antigen V-antigen 
positive cells a Input DNA Fraction in positive cells f 
(%) hybrid (%) 

(cpm) (%) 

CI-1 D 
Hybrid C1 8 b 
Hybrid C1 84 c 
Hybrid C1 82 
Hybrid Ct 15 ]3UDR 
Hybrid C1 75 
Hybrid C1 21 
Hybrid C1 16 
Hybrid C1 91 

None 65-82 88,141 << 0.05 < 0.1 
B5, C6, C7, C l l ,  C12, D14, El7,  F19, F20 67-80 13,869 < 0.1 < 0,1 
A3, B5, C7, C l l ,  C12, El7,  F19, F20 65-80 78,826 ~ 0.05 ~ 0.1 
A3, B5, C7, C l l ,  C12, D14, It17, F19, F20, G22 84-92 12,377 9.37 30 
A3, ]35, C7, Ctl,  C12, DI4, F19 70-84 26,829 < 0.1 < 0.1 
A3, B5, C7, e l l ,  C12, D14, D15, E17, F19, F20 61-72 14,280 10.97 15-20 
B5, C7, D14, 1s F19, G21 65 85 10,857 ~ 0.1 < 0.1 
A3, C7, Cll, C12, 1s F19, F20 65-80 23,566 ~ 0.1 ~ 0.1 
C7, D15, 1s 65 80 15,600 % 0.1 < 0.1 

~Yield of infectious virus above backrround was not detected in any clone so far tested, bClones C1 8, C1 15, C1 16, C1 21, C1 75, and C1 91 
are hybrids of LN-SV human cells with C1-1 D mouse cells. ~ C1 82 and C1 84 are hybrids of KOP-2 normal human fibroblasts with 
CI-ID mouse cells, dThe cells were stained for adenovirus type 12 specific T-antigen at  32 h after infection as previously described ~. The 
ranges correspond to results obtained in 3 experiments. ~The cells were labeled from 18 to 22 h after infection with either aH-thymidine (10 
b~Ci/ml) or agp-phosphate (500 btCi/ml). The DNA was isolated from infected and control cells, denatured, sonicated, and hybridized to purified 
Adl2 DNA immobilized on nitrocellulose filters under previously described conditions 1~ Radioactivity bound to filters not containing Ad12 
DNA was subtracted as background. Each hybridization was performed with a minimum of 2 filters containing 5 btg of Ad12 DNA. ~The 
cells were stained for V antigen at  42 and 48 h after infection by the previously described indirect immunofluoreseent method ~. Results in 
2 independent experiments are presented. 

h y p o x a n t h i n e - a m i n o p t e r i n - t h y m i d i n e  (HAT) m e d i u m  or 
in Eag le ' s  m e d i u m  con ta in ing  b r o m o d e o x y u r i d i n e  ~. A t  
leas t  25 m e t a p h a s e s  of each  clone p o p u l a t i o n  were 
ana lyzed  as p rev ious ly  descr ibed 9. Only  low passage  
clones were used for exper imen t s .  

The  mouse  ceils, t h e  h u m a n  cells (WI-38),  and  t he  
m o u s e - h u m a n  cell h y b r i d s  were in fec ted  w i t h  adenov i rus  
t y p e  12 a t  i n p u t  mu l t i p l i c i t y  of in fec t ion  of 100 p laque-  
fo rming  ceils (PFU)  pe r  cell. A t  32 h a f t e r  infect ion,  t he  
cells were s t a ined  for adenovi rus-spec i f ic  T - a n t i g e n  t h a t  
was  de t ec t ed  in 6 0 - 8 0 %  of mouse  cells, in 9 0 - 9 5 %  of 
h u m a n  cells, a n d  in 6 1 - 9 2 %  of d i f fe ren t  h y b r i d  cells. A t  
42, 48 a n d  52 h a f te r  infect ion,  t h e  cells were s t a ined  for 
adenov i rus  caps id  pro te ins .  No v i rus  caps id  p ro te ins  were 
de tec ted  in mouse  cells; pos i t ive  s t a in ing  was de t ec t ed  in 
95% of h u m a n  cells. T he  presence  of virus-specif ic  caps id  
p ro t e in s  was obse rved  in 2 clones of h y b r i d  ceils, C1 82 
and  C1 75, b u t  n o t  in 6 o t h e r  h y b r i d s  t e s t ed  (Table  II) .  

To d e t e r m i n e  w h e t h e r  Ad12 D N A  was syn thes ized  in 
in fec ted  ceils, t h e  mouse  a n d  h y b r i d  cells were pulse-  
labeled w i t h  aFI- thymidine  or a sP-phospha te  f rom 18 to  
22 h p.i., t h e  D N A  was isolated,  pur i f ied,  and  hyb r id i zed  
to adenov i rus  t y p e  12 DNA.  Newly  syn thes i zed  vi rus-  

specific D N A  was de t ec t ed  on ly  in clones C1 82 and  C1 75, 
i.e., those  wh ich  also c o n t a i n e d  v i ra l  caps id  an t igens .  
B o t h  clones c o n t a i n e d  t he  h u m a n  ch romosomes  A3, B5, 
C7, C l l ,  C12, D!4 ,  E17, F19 a n d  F20, de r ived  f rom e i the r  
n o r m a l  h u m a n  f ib rob las t s  or SV40- t r ans fo rmed  Lesch-  
N y h a n  cells. The  r e m a i n i n g  h y b r i d s  were n o t  able  to  
s u p p o r t  rep l ica t ion  of v i r a l  D N A  or syn thes i s  of v i r a l  
caps id  p ro te ins  (Table  II) .  No increase  of infec t ious  v i rus  
above  b a c k g r o u n d  was de t ec t ed  in a n y  of t he  hybr ids .  

The  de ta i led  s t u d y  of molecu la r  even t s  d u r i n g  a b o r t i v e  
in fec t ion  of mouse  cells a n d  d i f f e ren t  m o u s e - h u m a n  cell 
h y b r i d s  w i t h  Ad12 is in p rogress lL  
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Summary. The  effect  of d i b u t y r y l  cyclic A M P  on c u l t i v a t e d  a s t rob la s t s  f rom 8-, 12- a n d  15-day-old ch ick  e m b r y o  
b r a i n  has  been s tudied.  The  resul t s  show t h a t  these  cells m u s t  h a v e  r eached  some degree of m a t u r a t i o n  in ovo to  
become  morpholog ica l ly  d i f f e ren t i a t ed  b y  t he  cyclic nucleot ide .  

I t  h a s  been  shown  t h a t  cu l tu res  f rom 17-21-day-o ld  a l t e ra t ions ,  c o n v e r t i n g  these  cells t owards  a more  dif- 
r a t  e m b r y o s  a n d  f rom n e w b o r n  r a t s  are composed  pre-  f e r e n t i a t e d  s ta te .  E l e c t r o n  microscopic  s tudies  of t h i s  
d o m i n a n t l y  of u n d i f f e r e n t i a t e d  glial  cells (as t roblasts) .  m a t e r i a l  h a v e  d e m o n s t r a t e d  t h e  presence  of a n  a b u n d a n t  
Severa l  a u t h o r s  h a v e  r epo r t ed  t h a t  t he  a d d i t i o n  of mono-  cy top l a smic  f ibr i t lar  n e t w o r k  w h i c h  is a cha rac t e r i s t i c  
b u t y r y l a o r d i b u t y r y I c y c l i c A M P ~ , ~ i n d u c e s m o r p h o l o g i c a l  of d i f f e ren t i a t ed  a s t rocy t e s  ~. To studY the  in f luence  of 
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cell  m a t u r a t i o n  o n  t h e  r e s p o n s e  t o  N6, O 2 - d i b u t y r y l  
a d e n o s i n e  3 ' :  5 ' m o n o p h o s p h a t e  ( d B c A M P ) ,  we  i n v e s t i g a t -  
ed  t h e  e f f ec t  of  t h i s  cyc l ic  n u c l e o t i d e  o n  c u l t u r e s  of  a s t r o -  
b l a s t s  f r o m  c h i c k  e m b r y o s  of  d i f f e r e n t  ages .  

Mater ials  and  methods. C e r e b r a l  h e m i s p h e r e s  f r o m  8-, 
12- a n d  1 5 - d a y - o l d  c h i c k  e m b r y o s  w e r e  c h e m i c a l l y  
d i s s o c i a t e d  b y  u s i n g  a 48 a m  p o r e  s ize  n y l o n  s i eve  as  
p r e v i o u s l y  d e s c r i b e d  7. T h e  d i s s o c i a t e d  cel ls  we re  g r o w n  
in  F a l c o n  p l a s t i c  P e t r i  d i s h e s  in  E a g l e ' s  m e d i u m  ( B M E ,  
I n s t i t u t  P a s t e u r ,  Pa r i s )  s u p p l e m e n t e d  b y  2 0 %  f e t a l  ca l f  
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Figs. 1-4. Phase contrast micrographs of dissociated cerebral hemisphere ceils from chick embryos cultivated during 2 weeks. • 250. 
1. 8-day-old embryos: Mature neurons with long fibre processes are lying on a monolayer of polygonal-shaped flat cells. 
2. 15-day-old embryos: only undifferentiated gliaI elements can be observed in these cultures. 
3. 8-day-old embryos: culture treated 4 h with DBeAMP in which few cells assume a star-like appearance. 
4. 15-day-old embryos: culture treated 4 h with DBcAMP: most cells have multiple branched processes and resemble mature  astrocytes. 
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s e rum (GIBCO).  The  cu l tures  were i n c u b a t e d  a t  37 ~ in 
a humid i f i ed  5% CO2/95 % air  a tmosphe re .  The  m e d i u m  
was changed  eve ry  2 days.  

Af ter  2 weeks of cu l t iva t ion ,  conf luency  was reached.  
A t  th i s  po in t  in  t ime,  t he  n o r m a l  n u t r i e n t  m e d i u m  was 
replaced b y  a serum-free  Eag le ' s  m e d i u m  s u p p l e m e n t e d  
w i t h  1 m M  c B c A M P  (Sigma Chemical  Co.), T he  cu l tu res  
were observed  w i th  an  i n v e r t e d  p h a s e - c o n t r a s t  micro-  
scope. 

Results and discussion. After  2 weeks of cu l t i va t i on  in 
n o r m a l  n u t r i e n t  med ium,  cu l tu res  f rom 8- and  12-day- 
old chick  e m b r y o s  cons is t  of a m o n o l a y e r  of po lygona l  
f la t  cells (ma in ly  a s t rob la s t s  an  d few m e s e n c h y m a l  cells) 
upon  which  d i f fe ren t i a ted  neu rons  are p r e s en t  7 (Figure  
1). I n  con t ras t ,  in cu l tu res  f rom 15-day-old  ch ick  em- 
bryos ,  v e r y  few neu r ons  are  p r e s en t  a n d  a l m o s t  all  t h e  
cells are f la t  and  po lygona l  (Figure 2). 

No morpholog ica l  a l t e r a t i on  of t he  f la t  cells could be  
obse rved  a f te r  r e m o v i n g  se rum f rom the  cu l tu re  med ium.  
Af te r  add i t i on  of d B c A M P  to  th i s  serum-free  m ed ium,  
t he  po lygona l  f la t  cells (as t roblas ts)  assume a s tar- l ike  
a p p e a r a n c e  (as t rocyt ic- l ike  cells). This  change  can  be  
observed  as ear ly  as a f te r  2 h of i ncuba t ion .  Howe-e r ,  t he  

re la t ive  a m o u n t  of morpho log ica l ly  changed  cells di f fered 
wide ly  accord ing  to  t he  a g e  of t h e  embryo .  

I n  8- and  12-day-old ch ick  e m b r y o  cul tures ,  m o s t  cells 
re ta in  an  u n d i f f e r e n t i a t e d  morphology ,  while  some o the r s  
undergo  an  a s t rocy t i cq ike  t r a n s f o r m a t i o n  a f te r  2 or 24 h 
i n c u b a t i o n  in the  presence  of d B c A M P  (Figure 3). A few 
more  cells are a l tered,  however ,  in  12-day-old t h a n  in 
8-day-old ch ick  e m b r y o  cul tures .  In  con t r a s t ,  in cu l tu res  
f rom 15-day-old embryos ,  m a n y  a s t rob la s t s  are t r ans -  
fo rmed  in to  m u l t i p o l a r  cells w i t h  m a n y  processes,  as 
shown  in  F igure  4. 

P rev ious  s tudies  h a v e  shown  t h a t  cyclic nuc leo t ides  
affect  t he  m o r p h o l o g y  of cu l tu red  a s t rob la s t s  f rom 17-21-  
day-o ld  r a t  e m b r y o s  a n d  f rom n e w b o r n  r a t s  a 5. I n  t he  
p r e sen t  expe r imen t s ,  t he  same morpholog ica l  a l t e ra t ion  
could be  seen in ch ick  e m b r y o  cu l tu red  a s t rob la s t s  a f te r  
t he  add i t i on  of dBcAMP.  I t  is of i n t e r e s t  t h a t  t he  
response  to  d B c A M P  is q u a n t i t a t i v e l y  m u c h  more  im- 
p o r t a n t  in  cu l tu res  f rom 15-day-old t h a n  in cu l tu res  
f rom 8- or 12-day-old  ch ick  embryos .  These  resu l t s  
a p p e a r  to  ind ica te  t h a t  a s t rob l a s t s  m u s t  h a v e  r eached  
some degree of m a t u r i t y  in  ovo to  b e c o m e  morpho log ica l ly  
changed  b y  cyclic nucleot ides .  W e  t h i n k  t h a t  th i s  pheno-  
m e n o n  f u r t h e r  agrees w i t h  a specific a n d  d i f f e ren t i a t ing  
ac t ion  of cyclic AMP.  

Inf luence  off P r o g e s t e r o n e  on  Pro te in  and R N A  S y n t h e s i s  in ',Cultured ~Chick ~ m b r y o  Liver  Cells  ~ 
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Su~ezmary. Chick  e m b r y o  l iver  p r i m a r y  cul tures ,  w h e n  a d d e d  w i t h  p roges te rone ,  exh ib i t ,  in  c o m p a r i s o n  wi• t h e  con- 
trols,  a n o r m a l  g rowth ,  a decl ine of b o t h  ~H-ur idine  u p t a k e  and  i n c o r p o r a t i o n  in to  t o t a l  RNA,  a decl ine of 3H-leucine 
and  ~*C ser ine i n c o r p o r a t i o n  in to  t he  pro te ins .  P r oges t e rone  is n o t  able  to  s t i m u l a t e  p h o s v i t i n  syn thes i s  induc t ion .  

Ana lys i s  of in  v i t ro  effect  on  t a r g e t  t i ssues  a n d  cells of 
s te ro id  h o r m o n e s  r ep re sen t s  a n  i m p o r t a n t  too l  for s t u d y -  
ing t h e  m e c h a n i s m s  of t h e i r  ac t ion.  In  p rev ious  research,  
we h a v e  d e m o n s t r a t e d  t h a t  estradiol-17-fi  induces  in 
ch ick  e m b r y o  l iver  p r i m a r y  cu l tu res  t h e  de novo  syn thes i s  
of t h e  yo lk  p ro t e in  p h o s v i t i n  ~ and  a decl ined p r o d u c t i o n  
of t h e  ' sec re ted '  p ro t e insK I n  add i t ion ,  a decreased  in-  
co rpo ra t i on  of 3H-ur id ine  i n c o r p o r a t i o n  in to  t he  t o t a l  
R N A  h a s  been  de t ec t ed  ~. I n h i b i t i o n  of p r o t e i n  syn thes i s  
a n d  label led  u r id ine  i nco rpo ra t i on  can  be  obse rved  in  
v i t ro  also in i so la ted  bone  cells a f t e r  hyd r oco r t i sone  
a d m i n i s t r a t i o n  5. W e  h a v e  the re fo re  i n v e s t i g a t e d  w h e t h e r  
s imi la r  effects  could  be  d e m o n s t r a t e d  in l iver  cells follow- 
ing p roges t e rone  t r e a t m e n t .  

Material and methods. 14-day  ch ick  e m b r y o  l iver  cells 
were  cu l tu red  as p rev ious ly  desc r ibed  2; 24 h a f t e r  p la t ing ,  
t e s t  cu l tu res  were  suppl ied  w i t h  n u t r i e n t  c o n t a i n i n g  
p roges te rone  (Merck, 500 ~g /cu l tu re  in 10 V1 of p ropy l ene  

glycol) and  con t ro l s  w i t h  n u t r i e n t  a d d e d  w i t h  p ropy lene  
glycot alone,  Two i n d e p e n d e n t  se ts  of e x p e r i m e n t s  w i t h  
label led  precursors  were  ca r r ied  ou t :  in  t h e  first ,  b o t h  
con t ro l  and  t r e a t e d  cu l tu res  were  suppl ied  w i t h  t h e  
n u t r i e n t  c o n t a i n i n g  2 ~tCi/ml of aH-L-leucine (Radio-  
chemica l  Centre ,  A m e r s h a m ;  specific a c t i v i t y  58 Ci /mM) 
a n d  0.2 ~tCi/ml of i4C-L-serine (Rad iochemica l  Centre ,  
A m e r s h a m ;  specific a c t i v i t y  174 m C i / m M )  ; in  t he  second,  
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Table I. Alkali-labile protein phosphorous 

Culture media (F.g/ml) 

Control cultures (18 h in propylene glycol containing medium) 
Test cultures (18 h in progesterone containing medium) 
Test cultures (18 h in progesterone containing medium and 48 h in normal medium 
Test cultures (18 h in estradiol containiug medium and 48 h in normal medium) 

O 
0 
0 
3.7 8 

Mean of 4 independent experiments. 


