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a n e r v e  f ibre  in a musc le  f ibre  is seen in F i g u r e  3, in a 
h i s to log ica l  sect ion.  

I n  r e c e n t  e x p e r i m e n t s  46, a n t a g o n i s t i c  n e r v e  a c t i v i t y  
on  f e a t h e r  follicle w a s  descr ibed .  I n  serial  sec t ions ,  n e v e r  
m o r e  t h a n  a s ingle  n e r v e  w a s  f o u n d  to  en t e r  i n to  t h e  
m u s c l e s  of a f e a t h e r  follicle. On  the  o t h e r  h a n d ,  w h e n  the  
i n t e r c o s t a l  n e r v e s  are o b s e r v e d  in t h e  who le  m o u n t  
p r e p a r a t i o n ,  t he i r  b r a n c h e s  d i rec ted  to  t h e  sk in  f low one  
in to  t h e  o t h e r  a n d  a p p e a r  to  a n a s t o m o s e .  T h u s ,  each  

n e r v e  w h i c h  ends  in f e a t h e r  follicle car r ies  f ibres  f r o m  
d i f f e ren t  source  a n d  m a y  cause  d i f fe ren t  effects  a t  t h e  
s a m e  t ime .  Th i s  f ind ing  can  e x p l a i n  t h e  fac t  t h a t  a wide  
r a n g e  of f ac to r s  in f luence  the  f e a t h e r  follicle a n d  f ea the r -  
sk in  connec t ion .  A m o n g  the se  f ac to r s  are  some  w h i c h  
ac t  b y  local  app l i ca t ion ,  s u c h  as t e m p e r a t u r e l T ,  is a n d  
sca ld ing  agents1% On t h e  o t h e r  h a n d ,  s o m e  d r u g s  ac t  
espec ia l ly  w h e n  app l i ed  p a r e n t e r a l l y ,  s u c h  as  anaes -  
t he t i c s  4, 6 s, s y m p a t h o m i m e t i c s  4, 5 a n d  p a r a s y m p a t h o m i -  
me t i c s  1% 

T h e  specific ac t ion  on  t h e  d i f fe ren t  n e r v e  end ings  a n d  
the  v a r i o u s  musc l e s  needs  p h y s i o l o g i c a l - p h a r m a c o l o g i c a l  
i n v e s t i g a t i o n .  

Fig. 3. Section showing the ending of a nerve fibre (n) in a muscle 
fibre (m) of feather follicle. 
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Summary .  A gene t ic  m a r k e r ,  t he  t u m o r  gene  Tu, w h i c h  causes  t he  f o r m a t i o n  of a b n o r m a l  m e l a n o p h o r e s ,  t he  T - m e -  
l a n o p h o r e s ,  in t h e  sk in  of X i p h o p h o r i n e  f ish  h a s  been  t r a n s f e r r e d  b y  d o n o r  D N A  f r o m  a T u  g e n o t y p e  to  rec ip ien t  em-  
b r y o s  l ack ing  Tu.  A b n o r m a l  m e l a n o p h o r e s  w h i c h  are  iden t ica l  to  t h e  T - m e l a n o p h o r e s  of t h e  d o n o r  g e n o t y p e  occu r r ed  
o n l y  in r ec ip i en t s  t r e a t e d  w i t h  T u - D N A  a n d  n o t  in t h o s e  t r e a t e d  w i t h  Tu- f ree  con t ro l  D N A .  

Gene t i c  t r a n s f o r m a t i o n  t h a t  is, t he  t r a n s f e r  of a 
gene t ic  m a r k e r  f r o m  a d o n o r  to  a r e c i p i e n t  o r g a n i s m  b y  
D N A  a n d  the  p h e n o t y p i c  e x p r e s s i o n  of t h i s  m a r k e r  in t he  
r ec ip i en t  w a s  f i r s t  a ch i eved  in b a c t e r i a  b y  AVERY, 
MACLEOD, a n d  McCARTY in 1944 3. D u r i n g  t h e  l a s t  t w o  
decades ,  n u m e r o u s  r e s e a r c h e r s  h a v e  t r i ed  to  s h o w  gene t ic  

t r a n s f o r m a t i o n  also in e u k a r y o t i c  o r g a n i s m s  4. S o m e  re- 
s e a r c h e r s  c l a imed  to  h a v e  succeeded  4,5, b u t  t h e  r e su l t s  
t h e y  o b t a i n e d  m a y  be o p e n  to  s o m e  o t h e r  i n t e r p r e t a t i o n s  
t h a n  gene t ic  t r a n s f o r m a t i o n %  Mos t  of t h e  e x p e r i m e n t s  

su f f e r ed  f r o m  t h e  n o n - a v a i l a b i l i t y  of a good  gene t ic  
m a r k e r  a n d  a sens i t ive  se lect ive  s y s t e m .  B o t h  of t he se  
c o n d i t i o n s  are  ava i l ab le  in t he  p l a t y f i s h - s w o r d t a i l  
m e l a n o m a  s y s t e m  ~. 
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Fig. 1. a) Normal melanophores in the skin of a fish lacking the Tu gene. Note the thin long processes of cells in the dispersed state (arrow) 
which are not visible in the aggregated state of the cells (double arrow), b) T-melanophores in the skin of a fish carrying the Tu gene. Note 
the broad processes (arrow) and the size of the cells. 

In  th is  sys tem,  there  is a so-called t u m o r  gene, Tu,  
which can be p resen t  or ab sen t  in the  fish genome s. Con- 
comi tan t ly ,  abnorma l  p igmen t  ceils, the  so-called T- 
melanophores ,  are p resen t  or absent ,  respect ively,  in the  
skin of the  fish. These cells appear  as a resul t  of the  act ion 
of T u  on p rop igmen t  ceils and represen t  a cell t ype  which 
can be easily d is t inguished  f rom the  no rma l  melano-  
phores  of the  skin by  the i r  size and  morpho logy  (Figure 1, 
a and b). The n u m b e r  of p r o p i g m e n t  cells changed in to  
prospec t ive  T-melanophores ,  the ra te  of cell division, and 
the t ime of f irst  appearance  of T-melanophores  in the  
skin, depend  on various Tu-control l ing genes. In  the  
absence of these  genes, Tu acts  in a lmos t  all p r o p i g m e n t  
cells which develop f rom the  neural  crest  and causes these  
cells to divide so of ten  t h a t  T-melanophores  cover  the  
whole body  of the  newborn  fish. 

In  order  to show genetic t r an s fo rma t ion  in th is  sys tem,  
donor  D N A  from a T u  geno type  should be appl ied  to t he  
neural  crest  of recipient  embryos  which lack bo th  Tu and  
control l ing genes. Af ter  up take  and  in tegra t ion  of a Tu-  
carry ing  piece of DNA into a p r o p i g m e n t  cell, the  lack 
of Tu-control l ing genes in the  recipient  genome will allow 

this  cell to divide ve ry  often.  I t  can be expec ted  tha t ,  
s t a r t ing  f rom only  one t r ans fo rmed  cell, m a n y  T-melano-  
phores  will develop. Thus,  a single t r ans fo rma t ion  even t  
is select ively amplified,  and it should be de tec ted  easily 
because of the  d i s t inc t  morpho logy  of the  T-melano-  
phores.  

The out l ined exper iment ,  however ,  can be only success- 
ful, if the  donor  DNA appl ied remains  in a h igh-molecular  
form for a suff icient ly long per iod so t h a t  DNA of in- 
fo rmat ive  size m a y  be t aken  up by  the  cells and  inte- 
gra ted  into the  recipient  genome. We have shown in pre- 
vious expe r imen t s  t h a t  E.  coli DNA of this  size can be 
d e m o n s t r a t e d  in recipient  embryos  dur ing the  first  5 h 
af ter  inject ion into the  neural  cres t  region 9, and t h a t  se- 
quences of th is  donor  D N A  can be d e m o n s t r a t e d  in the  
recipient  DNA 10. These results  suggest  t h a t  there  should 
be a good chance  for up take  and in tegra t ion  of a piece of 
donor  DNA carry ing  the  T u  informatiola. 

The t r ans fo rma t ion  expe r imen t  was carried out  as 
follows: High ly  purif ied donor  DNA (absorbance rat io 
260/280 n m :  1.85; molecular  weight :  100 • 106 daltons)  
was ex t r ac t ed  f rom tes tes  of fish carrying T u  and  in- 

Fig. 2. A 3-month-old Tu-free recipient fish which developed several 
colonies of large abnormal melanophores after treatment with Tu- 
DNA during early embryogenesis. 

Fig. 3. Colony of large abnormal melanophores which developed in 
the skin of a Tu-free recipient treated with Tu-DNA. Note that 
these cells greatly resemble the T-melanophores shown ill Figure lb. 
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jec ted  in to  the  neuraI  cres t  region of 3-day-old recipient  
embryos  lacking Tu and  control l ing genes. As a control ,  
donor  DNA from fish of the  recipient  geno type  was in- 
jected.  

Unt i l  now, 46 ou t  of 1150 individuals  t r ea t ed  wi th  Tu- 
D N A  during embryogenes i s  showed abnormal  melano-  
phores  which occurred as single ceils dur ing late embryo-  
genesis, and as large cell colonies in 2- to 4 -month-o ld  fish 
(Fig. 2). These cells were of the  same size and morpho logy  
(Figure 3) as t he  T-melanophores  shown in Figure  lb.  
1 to 2 weeks af ter  the i r  occurrence,  t h e y  were a t t acked  
and  removed  by  macrophages .  In  the  930 contro l  indi- 
viduals  t r ea t ed  wi th  Tu-free donor  DNA, no abno rma l  
melanophores  were observed.  This difference is h ighly  
s ignif icant  (Z 2 38.41 for 1 dr; p < 0.001). 

The charac ter i s t ic  morpho logy  of the  abnorma l  melano-  
phores  observed  af ter  t r e a t m e n t  wi th  Tu-DNA led us to 
conclude t h a t  these  cells are identica, I wi th  T-melano-  
phores.  This  view is suppor t ed  by  the  fact  t h a t  t he  cells 
are a t t acked  by  macrophages  like the  T-melanophores  
of a Tu geno type  n.  The results  suggest  t h a t  a Tu-carry-  
ing piece of donor  DNA had  been taken  up and in tegra ted  
into a recipient  p rop igmen t  cell and  t h a t  the  Tu infor- 
ma t ion  had  been inher i ted  and expressed by  the  daugh t e r  

cells. Concerning the  h igh  ratio of 46 t r a n s f o r m a n t s  out  
of 1150 embryos  t r e a t ed  wi th  Tu-DNA, it should be con- 
sidered tha t ,  in each embryo,  abou t  1000 cells of the  
neural  cres t  and an u n k n o w n  n u m b e r  of the i r  descendan t s  
have  been  t r ea t ed  wi th  t he  donor  DNA. The f requency  
of a t r ans fo rma t ion  even t  can be calculated,  therefore,  
to be abou t  1 in 25,000 cells, which  is comparab le  to t h a t  
publ i shed  for Ephestia~2. 
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Summary. E x p l a n t s  der ived  f rom m a m m a r y  carc inomas  of D M B A - t r e a t e d  female Sprague-Dawley  ra ts  were cul tured  
for 5 days  in Medium 199 conta in ing  insulin and cor t icosterone.  The  addi t ion  of ovine prolact in  to  the  cul ture media  
resul ted in a cons i s ten t  s ignif icant  increase in H3- thymid ine  incorpora t ion  into DNA.  DNA synthes is  of exp lan t s  
t r ea t ed  wi th  e i ther  ovine or h u m a n  growth  ho rmone  was  in t e rmed ia ry  to  p ro lac t in - t r ea ted  cul tures  and control  
cultures.  A combina t ion  of prolac t in  and h u m a n  g rowth  ho rmone  of ten increased D N A  synthes is  above ei ther  hormone  
alone, suggest ing a possible g rowth  synergism be tween  these  pept ides .  

In  recen t  years,  p ro lac t in  (PL) has  been ident i f ied  as a 
cri t ical  s t imu la to ry  ho rmona l  fac tor  responsible  for the  
deve lopmen t  and /o r  g rowth  of r a t  m a m m a r y  t umor s  in 
vivo ~-6. The use of organ cul ture  to tes t  the  di rect  ac t ion 
of hormones  on m a m m a r y  t u m o r  g rowth  has  p rov ided  
evidence re levan t  to t he  ho rmona l  act ion in vivo.  Thus,  
recen t  s tudies  ~-9 have  d e m o n s t r a t e d  an i m p o r t a n t  role 
for P L  in s t imula t ing  DNA synthes i s  in organ cul tures  of 
7, 12 -d ime thy lbenzan th racene  (DMBA)-induced ra t  mam-  
m a r y  carcinomas.  

Growth  ho rm one  (GH) has  been repor ted  to  have  no 
s ignif icant  effect  on g rowth  of DMBA-induced  m a m m a r y  
carc inomas  in adrena lec tomized-ovar iec tomized  ratsS, 6. 
On the  o the r  hand ,  LI and  YANG 10 recent ly  r epor ted  t h a t  
GH was near ly  as effective as P L  in p romot ing  t u m o r  
g rowth  in h y p o p h y s e c t o m i z e d  ra ts  bear ing DMBA-in-  
duced m a m m a r y  tumors .  Thus,  the  purpose  of these  
s tudies  was to fu r the r  inves t iga te  the  direct  and  com- 
pa ra t ive  effects of these  two pep t ides  on g rowth  of 
DMBA-induced  r a t  m a m m a r y  carc inoma in vitro.  

Materials and methods. M a m m a r y  carc inomas  were in- 
duced in female Sprague-Dawley  ra ts  by  the  adminis-  
t r a t ion  of DMBA, as descr ibed previously  4. Tumors  of 
app rox ima te ly  1.5 cm in d i ame te r  were cut  into 1 m m  3 
explants .  E x p l a n t s  were placed a t  r a n d o m  in small  
(10 • 30 mm) Fa lcon  disposable  pet r i  dishes conta in ing  
2 ml  of Medium 199, Ear le  base. Medium 199 was supple-  
men t ed  wi th  penicill in G (50 IU/ml) ,  insulin (5 ~zg/ml) 

(bovine pancreas ,  22.5 IU/mg) ,  and  cor t icosterone (1 ~zg/ 
ml). Ovine GH (5 ~g/ml) (NIH-S9),  h u m a n  GH (5 ~g/ml) 
(Upjohn,  lot  n u m b e r  8717), and ovine P L  (5 vg/ml) 
(NIH-S8 or $9) were added  to the  exper imenta l  groups.  
The pet r i  dishes were placed in a small  gassing ch amb e r  
housed  in an incuba to r  a t  a t e m p e r a t u r e  of 37~ The 
c h a m b e r  was con t inuous ly  infused wi th  gas (95% 0~: 
5% CO2) dur ing the  incuba t ion  period.  E x p l a n t s  were 
cul tured  for 5 days.  Media were changed  on days  2 and 4. 
On day  5, 4 h pr ior  to  t e r m i n a t i o n  of culture,  sterile H a_ 
t h y m i d i n e  (NEN, 6.7 Ci/mM) was  added  to  the  exp lan t s  
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