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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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in a f inal  concen t ra t ion  of 0.5 txCi/ml. D N A  synthes is  
was e s t ima ted  by  measur ing  H 3-thymidine incorpora t ion  
in to  D N A  as descr ibed previouslyg,  11. The da t a  were 
ana lyzed  s ta t i s t ica l ly  by  Randomized  Block Test .  Pa ra -  
me te r s  were fu r the r  t e s t ed  by  D u n n e t ' s  Tes t  (one sided) 
and  Or thogona l  Cont ras t  Test.  

Autorad iograph ic  analyses  were pe r fo rmed  on a por t ion  
of the  cul tured  explants .  Au to rad iographs  were p repa red  
by  the  m e t h o d  of MI~SSlER and  LtgBLOND 12 aS modif ied  
by  WALKER ~3. A d ip-coa t ing  t echn ique  w i t h  K o d a k  
NTB-2 l iquid emulsion (Eas tman  Kodak ,  Rochester ,  
NY.) was used. The labell ing index  was based on coun t ing  
1000 t u m o r  cells, wi th in  8 or 9 fields of each microscopic 
slide (15-20 slides per  group). Cells showing a m i n i m u m  
of 3 silver grains overlying the  nucleus were scored in each 
group. Autorad iographic  s tudies  were s ta t i s t ica l ly  ana-  
lyzed by  2-way Analysis  of Var iance  wi th  unequa l  
number s  and  Sheffe Test.  

The s t u d y  was d iv ided in to  2 separa te  exper iments .  
In  e x p e r i m e n t  1, 360 exp lan t s  der ived f rom 3 ra t  m a m -  
m a r y  t u m o r s  (120 exp lan t s  per  tumor)  were r a n d o m l y  
d i s t r ibu ted  into 3 groups.  Groups  I I  and  I I I  received 
ovine P L  and  ovine GH, respect ively.  Group I served as 
a control .  This  expe r imen ta l  procedure  was  pe r fo rmed  
4 t imes,  us ing a to ta l  of 12 ra t  m a m m a r y  tumors .  In  
e x p e r i m e n t  2, 480 exp lan t s  der ived f rom 3 ra t  m a m m a r y  
tumors  (160 exp lan t s  per  tumor)  were r a n d o m l y  dis t r ib-  
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Fig. 1. Effect of ovine growth hormone (oGH) and ovine prolactin 
(oP) on H3-thymidine incorporation into DNA of 5-day organ 
cultures of DMBA-indueed rat mammary carcinomas. Each value 
represents the mean of 4 experiments. Corticosterone and insulin 
were added to the media of each group. P < 0.05 : C vs oP; p = N. S. : 
C vs oGH, oP vs oGH. 
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Fig. 2. Effect of ()vine prolactin (oP) and human growth hornlone 
(hGH), alone and in combination, on H~-thymidine incorporation 
into chemically extractible DNA and labelling (H3-thymidine) 
index in 5-day organ cultures of DMBA-indueed rat mammary 
carcinomas. Each value represents the mean of 3 experiments. 
Corticosterone and insulin were added to the culture media of each 
group. Labelling index was determined by counting the nmnber of 
cells labelled per 1000 cells. H~-thymidine/~xg DNA (cpm) : p < 0.01 : 
C vs oP+hGH;  p < 0.05: C vs oP, hGH vs oP +hGH; p = N.S.: 
C vs hGH, oP vs hGH, oP vs oP + hGH. 
Labelling index, p < 0.001: C vs oP, C vs oP + hGH, oP vs oP + 
hGH, hGH vs oP+hGH;  p = N.S,: C vs hGH, oP vs hGH. 

u ted  in to  4 groups.  Group I served  as a control ;  Groups I I  
and I I I  received ovine P L  and h u m a n  GH, respect ive ly ;  
Group IV received a combina t ion  of these  hormones .  This 
exper imenta l  p rocedure  was pe r fo rmed  3 t imes,  using a 
to ta l  of 9 ra t  m a m m a r y  tumors .  

Resul ts .  "When P L  was added  to syn the t i c  media  con- 
ta in ing  exp lan t s  of m a m m a r y  carcinoma,  a s ignif icant  
(p<0.05)  increase ( >  125%) in H3- thymid ine  incorpora-  
t ion in to  D N A  was  observed  when  compared  to  the  con- 
t rol  group (Figure 1). There  was, however ,  no s ignif icant  
difference be tween  the  ovine GH t r ea t ed  group and the  
contro l  group nor  be tween  the  P L  t r ea t ed  group and the  
ovine GH t rea ted  group in the  mean  incorpora t ion  of the  
isotope into DNA. Ovine GH appeared  to s l ight ly in- 
crease DNA synthes is  when  compared  to controls,  as 
3 of t he  4 cul tures t r ea t ed  wi th  t he  ho rmone  showed a 
sl ight  increase in up take  of H a- thymidine into DNA. 
However ,  the  4 separa te  studies,  when  combined,  did no t  
show s ta t i s t ica l ly  s igni f icant  differences.  

Figure  2. shows the  effects of P L  and h u m a n  GH, alone 
and in combina t ion ,  on DNA synthes i s  of 5 day  organ 
cul tures of DMBA-induced  ra t  m a m m a r y  carcinoma.  
Resul ts  indicate  t h a t  the  P L  t r e a t ed  group showed signi- 
f icant ly  (p < 0.05) increased ( > 200%) H 3-thymidine in- 
corpora t ion  in to  D N A  in compar i son  to the  control  
group.  However ,  the  h u m a n  Gt-I t r ea t ed  group did no t  
differ s ignif icant ly  when  compared  wi th  the  controls  or 
the  P L  t r ea t ed  group. The combina t ion  of h u m a n  GH 
and  P L  s ignif icant ly  ( P < 0 . 0 1 )  increased H3- thymid ine  
incorpora t ion  into D N A  w h e n  co mp ared  to  t he  contro l  
group, or to  the  h u m a n  GH t r ea t ed  group ( P < 0 . 0 5 ) .  
There  was no s ignif icant  difference be tween  the  combined  
h o rmo n e  t r ea t ed  group and the  P L  t r ea t ed  group. 

The results  of the  au torad iographic  s tudies  on parallel  
cul tures  are i l lus t ra ted  in Figure 2. In  general,  s ta t is t ica l  
analysis  of the  re la t ionships  be tween  H3- thymid ine  in- 
corpora t ion  in to  chemical ly  ex t r ac t ed  DNA (cpm) and 
the  labelling index  of cul tures  indicates  paral le l ism 
( P < 0 . 0 5 ) .  Autorad iograph ic  da t a  indicate  t h a t  the  
responses  to P L  and h u m a n  GH, alone or in combina t ion ,  
ref lect  changes  pr inc ipal ly  in t he  n u m b e r  of ceils engaged 
in synthes is  of DNA. Tha t  p r imar i ly  epi thel ial  (car- 
cinoma) cells and no t  the  connect ive  t issue e lements  in- 
co rpora ted  H a- thymidine  into D N A  was also indica ted  
in these  studies.  The presence of P L  in the  media  resul ted 
in a grea ter  p ropor t ion  of cells showing silver grains when  
compared  to the  cont ro l  group (_P<0.001). H u m a n  GH 
t r ea t ed  cul tures were no t  shown to be s ignif icant ly  differ- 
en t  f rom the  controls .  The addi t ion  of P L  and h u m a n  GH 
combined  resul ted in a grea ter  p ropor t ion  of cells showing 
silver grains w h e n  compared  to  controls,  h u m a n  GH, 
or P L  t r ea t ed  cul tures  (P<0 .001) .  However ,  the  dif- 
ference be tween  P L  and  h u m a n  GH t r ea t ed  cul tures was 
no t  found to  be s ignif icant  based on the  propor t ion  of 
cells in each group bear ing  silver grains. 

Discuss ion.  P L  has  been considered an i m p o r t a n t  
ho rmone  in s t imula t ing  the  g rowth  of ra t  m a m m a r y  
carc inomas  in vivo~-6. The resul ts  of th is  s t u d y  provide  
fu r ther  evidence t h a t  P L  is a p o t e n t  s t imu la to ry  factor  
in vi t ro  as well. A l though  we failed to show a s ignif icant  
difference in DNA synthes is  be tween  cul tures conta in ing  
GH and  contro l  cul tures  (combined analysis), the  GH 
(ovine or human)  conta in ing  cul tures  have  a level of 
D N A  synthes is  which  was  s ta t i s t ica l ly  indis t inguishable  
f rom P L  conta in ing  cultures.  Since P L  t r ea ted  cul tures 
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cons i s t en t ly  showed  s ign i f ican t ly  g rea te r  D N A  syn thes i s  
t h a n  controls ,  i t  can  be conc luded  t h a t ,  u n d e r  t he  g iven  
e x p e r i m e n t a l  condi t ions ,  G H  (ovine or h u m a n )  does 
possess s l ight  g r o w t h  s t i m u l a t o r y  effects. Th i s  is in accord  
w i t h  t he  s t u d y  of LI and  gANG 10 who  r epo r t ed  t h a t  
m a m m a r y  t u m o r  g r o w t h  of bov ine  G H  t r e a t e d  an ima l s  
was  essen t ia l ly  i n t e r m e d i a t e  to  t h a t  of cont ro l s  and  P L  
t r e a t e d  animals .  F u r t h e r m o r e ,  t he  resul t s  of t he  au to -  
r ad iog raph ic  ana lyses  sugges t  an  add i t i ve  effect  of these  
h o r m o n e s  as t he  h o r m o n a l  c o m b i n a t i o n  was s ign i f i can t ly  
g rea t e r  t h a n  e i the r  h o r m o n e  alone. Th i s  a p p a r e n t  effect  
of P L  a n d  h u m a n  G H  on D N A  syn thes i s  of m a m m a r y  
c a r c i n o m a  cells is in  accord  w i t h  a p rev ious  in v ivo  s t u d y  ~4 

a n d  a n  in v i t ro  s t u d y  is wh ich  h a v e  sugges ted  a possible 
synerg i sm b e t w e e n  P L  an d  G H  in t h e  r egu la t ion  of g rowth  
of n o r m a l  14 a n d  h y p e rp l a s t i c l a  m a m m a r y  t issue.  Thus,  
t h e  resu l t s  of these  s tudies  f u r t h e r  emphas ize  t h e  key  role 
of p ro l ae t i n  in  g r o w t h  s t i m u l a t i o n  of ca rc inogen- induced  
r a t  m a m m a r y  carc inomas ,  b u t  in  add i t ion ,  p rov ide  
ev idence  t h a t  g r o w t h  h o r m o n e  m a y  also be a n  in f luen t ia l  
h o r m o n a l  f ac to r  in th i s  process.  
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Summary. New o b s e r v a t i o n s  on  the  morpho logy ,  a n a t o m y ,  asexua l  r e p r o d u c t i o n  a n d  m e t a m o r p h o s i s  of t h e  fo rmer ly  
u n k n o w n  polyp  of t he  t rop ica l  C u b o m e d u s a e  resu l ted  in the  conclus ion t h a t  a new class Cubozoa  m u s t  be e s t ab l i shed  
and  pos i t ioned  be tween  t he  Scyphozoa  and  Hydrozoa .  Th i s  conclus ion could be conf i rmed  b y  the  his tological  inves t i -  
ga t ion  of t he  cubopo lyp ' s  m u s c u l a r  and  n e r v o u s  sys t ems  b y  l igh t  an d  t r a n s m i s s i o n  e lec t ron  microscopy.  

As t he  lowest  g roup  of t r ue  Metazoa,  t he  Cn ida r i a  h a v e  
a lways  a t t r a c t e d  t he  ex tens ive  in te res t  of biologists .  I n  
t he  classes of Scyphozoa  a n d  Hydrozoa ,  t he re  are 2 
genera t ions ,  the  sessile a sexua l  po lyp  a n d  the  free- 
s w i m m i n g  sexual  medusa ,  whereas  t he  class A n t h o z o a  is 
r ep re sen t ed  b y  the  po lyp  gene ra t ion  only. Ana tomica l ly ,  
t he  basic  p lan  of b o d y  c o n s t r u c t i o n  is t he  t e t r a - r a d i a l  
s y m m e t r y .  This  is pa r t i cu l a r l y  e v i d e n t  in t he  class 
Scyphozoa  because  n o t  on ly  t he  m e d u s a  b u t  also t h e  
po lyp  has  a m a r k e d  t e t r a r a d i a t  b o d y  p l an  e x h i b i t e d  b y  

t h e  4 gas t r ic  sep ta  a n d  4 gas t r ic  pockets .  Because  of the i r  
t e t r a m e r o u s l y  c o n s t r u c t e d  body ,  t h e  Cubomedusae ,  
wh ich  are i n h a b i t a n t s  of t h e  ner i t i c  zones of t rop ica l  
oceans, h a v e  also been  g rouped  b y  m o s t  zoologists w i t h  
t h e  Scyphozoa,  t h o u g h  some a u t h o r s  h a v e  po in t ed  to 
a b e r r a n t  cha rac te r i s t i c s  b y  wh ich  t h e y  differ fo rm ' t rue '  
S c y p h o m e d u s a e  (orders Corona tae ,  Semaeos tomeae ,  
Rhizos tomeae) .  The  C u b o m e d u s a e  are f amous  as ' sea  
wasps '  because  of the i r  severe  s t inging.  Some species 
be long  to t h e  m o s t  dange rous  sea c rea tures ,  as t h e y  can  
kill  young  an d  sens i t ive  people  b y  t h e  s t rong  v e n o m  of 
t he i r  n ema t o cy s t s .  

New inves t iga t ions  ~ s h a v e  revea led  t h a t  t h e  sys tem-  
a t ic  pos i t ion  of t h e  C u b o m e d u s a e  needs  to  be  revised.  Fo r  
t h e  f i rs t  t ime,  i t  h a s  been  possible  to  r ea r  the  fo rmer ly  
u n k n o w n  po lyp  gene ra t ion  to  full size, to  observe  i ts  
a sexua l  r ep ro d u c t i o n  b y  l a te ra l ly  b u d d i n g  off smal l  
s e c o n d a r y  polyps,  a n d  to follow t h e  f o r m a t i o n  of t he  
medusa ,  wh ich  is un ique  b y  t h e  comple te  m e t a m o r -  
phosis  of t h e  so l i t a ry  po lyp  in to  one medusa .  T h r o u g h  
l ong - t e rm  cu l tu re  expe r imen t s ,  i t  has  been  possible to  
e luc ida te  t h e  comple t e  life cycle of t h e  Ca r ibbean  species 

Fig. 1. Carybdea spec., transverse section near the base of the polyp. 
Note how the middle layer is occupied by myocytes. Ec, ectoderm; 
En, endoderm; M, nfiddle layer; N, nucleus of myoeyte; arrow points 
to a neurite. Fixed in Dorey's chrome-osmic fixative, embedded in 
Araldite and stained in alcoholic uranium. 

1 Department of Anatomy, Dalhousie University, Halifax, Nova 
Scotia, Canada. 
Department of Marine Sciences, University of Puerto Rico, 
Mayagiiez, Puerto Rico, USA. 
B. WERNER, CH.E. CUTRESS and J. p. STUDEBAKER, Nature, 
Lond. 232, 582 (1971). 

4 B. WERNER, Pubis Seto mar. biol. Lab. 20, 35 (1973). 
5 B. WERNER, Helgot~inder wiss. Meeresunters. 27, 461 (1975). 


