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Selective Gonadotrophin Uptake by Mouse Ovarian Carcinoma 

The  o v a r y  of t he  r o d e n t  ha s  been  recognized as a 
t a r g e t  o rgan  for h u m a n  chor ionic  g o n a d o t r o p h i n  (HCG) 
for m a n y  years  1, ~. I n  s u p p o r t  of t he  m a n y  ear ly  s tud ies  
us ing  n o n l a b e l e d  HCG, t h e  r ad io l abe led  h o r m o n e  (~25I- 
HCG) was r ecen t l y  found  to  c o n c e n t r a t e  in large a m o u n t s  
in t h e  i n t a c t  mouse  3 a n d  ra t~  ovary .  However ,  t he  
r ecep to r  cell for H C G  in  t h e  r o d e n t  o v a r y  h a s  been  
d e m o n s t r a t e d  on ly  b y  ind i rec t  m e t h o d s  5 The  need  for  a n  
in v ivo  clone of o v a r i a n  cells was  a p p a r e n t  for s tud ies  
encompass ing  t h e  r ecep to r  cell specif ic i ty  for HCG. I t  was  
t h o u g h t  t h a t  a func t iona l  t u m o r  of a specific ova r i an  cell 
t y p e  m i g h t  fulfill  t h e  r e q u i r e m e n t s  for  a n  in v ivo  ' pu re '  
cell line. S tudies  were in i t i a t ed  in which  mice  bea r i ng  
e i t he r  g ranu losa  or t h e c a  cell t u m o r s  were a d m i n i s t e r e d  
~2sI-HCG. E v i d e n c e  is p r e s e n t e d  t h a t  only  t he  t h e c a  cell 
ca rc inomas  c o n c e n t r a t e d  t he  r ad io labe led  gonado t r oph in ,  
as will now b e  descr ibed.  

Materials and methods. H CG  ( A n t u i t r i n  -S ,  1700 I U / m g )  
was r ad io labe led  6 t h r o u g h  t he  cour tesy  of t h e  A b b o t t  
R a d i o p h a r m a c e u t i c a l  Labora to r i e s ,  N o r t h  Chicago, I l l i -  
nois. The  rad io labe led  h o r m o n e  c o n t a i n e d  a specific 
a c t i v i t y  of 78.42 ~zCi/~g a n d  a p r o t e i n  c o n c e n t r a t i o n  of 
3.35 ~g/ml.  Rad io l abe l ed  h u m a n  g r o w t h  h o r m o n e  (125I- 
H G H )  was used as a r a d i o h o r m o n e  control .  T he  125I-HCG 
was ana lyzed  for i m m u n o l o g i c  a n d  biologic a c t i v i t y  b y  
h e m a g g l n t i n a t i o n  i n h i b i t i o n  ~ and  the Del is  u t e r i ne  we igh t  
assay  s , respect ive ly .  

Table I. The percent dose uptake per gram of tissue (%]g) is demon- 
strated Ior various organs of radiohormone injected female mice 

Radiohormone Tissues studied 
Employed 

Ovary Kidney Liver Muscle 

lesI-HCG (6) X 15.090 5.201 1.610 0.513 
SE 3.817 0.080 0.325 0.022 

251I-HGH (6) ~ 1.082 3.624 1.805 0.733 
SE 0.215 0.355 0.298 0.215 

The figures represent the mean (X) and standard error (SE) of the 
mean for 6 animal studies each (see parentheses). 

Table II. The percent dose uptake per gram of tissue is presented for 
mice bearing theca and granulosa cell tumors 

Tumor and radiohormone Tissues studied 

Tumor Ovary Liver Muscle 

Mice of t he  A7-(C 57xA) s t r a i n  bea r ing  e i the r  g ranulosa l  
or t h e c a  cell t u m o r s  were  k i n d l y  suppl ied  b y  Dr.  W. U. 
GARDNER, Dept .  of A n a t o m y ,  Yale  Unive r s i ty .  The  mice  
were used 2 to 4 m o n t h s  fol lowing s u b c u t a n e o u s  i m p l a n t a -  
t ion  of t he  tumors .  B o t h  n o r m a l  a n d  t u m o r  bea r i ng  mice 
received 30-40 ~zCi of e i the r  125I-HCG or 125I-HGH in t ra -  
venous ly .  Th ree  h la ter ,  t h e  an ima l s  were au tops i ed  a n d  
19 t issues  were removed ,  weighed,  a n d  assayed  for radio-  
a c t i v i t y  in a g a m m a  wel l -counter .  The  resu l t s  were 
expressed  as t h e  pe r cen t  dose u p t a k e  of i so tope  per  g ra in  
of t i ssue  (%/g).  

Results c~nd discussion. B o t h  t he  immuno log ic  a n d  t he  
biologic assays  for  H C G  d e m o n s t r a t e d  specific a c t i v i t y  of 
the  rad io labe led  ho rmone .  The  rad io iso top ic  t i ssue  dis t r i -  
b u t i o n  s tudies  were f i rs t  pe r fo rmed  on m a t u r e  cycl ing fem- 
ale mice w i t h o u t  t u m o r s  (Table  I). The  u p t a k e  levels of 
125I-HCG were s ign i f i can t ly  h igher  in t he  o v a r y  t h a n  in a n y  
o the r  t i ssue  s tud ied  w i t h  t he  excep t ion  of t he  thyro id .  The  
% / g  of 125I-HCG was 15 t imes  h ighe r  in t he  ovar ies  t h a n  in 
c o m p a r a b l e  t i ssue  of con t ro l  mice in jec ted  w i t h  12sI H G H .  
The  r a d i o - u p t a k e  levels  of FtCG in  t h e  k i d n e y  were 
s ign i f i can t ly  h igher  t h a n  H G H  because  t he  fo rmer  hor-  
mone  is r ap id ly  excre ted  b y  t he  m a m m a l i a n  kidney.  
Concomi t an t l y ,  r ad io i so tope  levels in  t h e  o the r  o rgans  
(such as l iver  a n d  muscle) were ins igni f icant .  

H C G  a n d  H G H  r a d i o - u p t a k e  levels were c o m p a r e d  in 
mice  bea r ing  g ranu losa  a n d  mice bea r ing  t heca  cell t u m o r s  

(Table  II) .  The  m e a n  (X) u p t a k e  levels of HCG in t he  
t h e c a  t u m o r s  were h igher  t h a n  a n y  o t h e r  t i ssue  s tud ied  
inc lud ing  t he  ovary .  The  o v a r y  was  f r e q u e n t l y  suppressed  
b y  t h e  t h e c a  cell t umor ,  t h e r e b y  caus ing  t he  large var ia -  
t ion  in ova r i an  u p t a k e  as ev idenced  b y  t he  s t a n d a r d  er ror  
(SE) in Tab le  I I .  W h e n  suppressed,  t he  ovar ies  were 
s h r u n k e n  a n d  a p p e a r e d  yel low (atret ic)  in  color. The  
k i d n e y  u p t a k e  levels were s imi la r  to  t he  n o r m a l  female  
s t u d y  r epo r t ed  above.  All o the r  t i ssues  were u n r e m a r k a b l e .  
I n  c o m p a r i n g  t he  2 ova r i an  tumors ,  t he  t heca  cell t y p e  
c o n c e n t r a t e d  12~I-HCG 9 t i m e s  g rea te r  t h a n  i t s  g ranu losa  
cell c o u n t e r p a r t .  The  m e a n  % / g  level  of t h e  o v a r y  in mice 
bea r i ng  g ranu tosa  cell t u m o r s  was nea r ly  iden t i ca l  to  t h a t  
ill mice w i t h  t h e c a  tumors .  However ,  t h e  SE  in  t h e  fo rmer  
g roup  was g rea t ly  reduced.  All  o t h e r  t i ssue  % / g  va lues  
were s imi la r  a m o n g  t he  2 groups.  Mice bea r ing  t h e c a  cell 
t u m o r s  were also in jec ted  w i th  ~25I-HGH (Table  II) .  The  
theca l  cell t u m o r s  did  no t  c o n c e n t r a t e  H G H  as t he i r  % / g  
va lues  were  on ly  1/10 as h i g h  in t u m o r s  of c o m p a r a b l e  mice 
a d m i n i s t e r e d  125I-HCG. The  u p t a k e  of I~SI-HCG in t he  
o v a r y  a n d  t u m o r  were also conf i rmed  b y  a u t o r a d i o g r a p h y .  

D a t a  f rom the  p r e s e n t  s t u d y  d e m o n s t r a t e d  an  ova r i an  
t u m o r  cell se lec t iv i ty  for an  exogenous  gonado t roph in .  
These  s tud ies  sugges t  t h a t  t he  ova r i an  r ecep to r  cell for 
H C G  in  the  i n t a c t  (mature ,  cycling) r o d e n t  m a y  be  of 
theca l  de r iva t ion .  The  mouse  o v a r i a n  t u m o r  types  

l~5Theca (8) I-HCG ~ 11.611 8.911 2.053 0.731 
SE 1.630 4.077 0.244 0.122 

Granulosa (8) 125I-HCG ~ 1.300 8.605 1.280 0.440 
SE 0.158 1.570 0.153 0.110 

Theea (8) 12'SI-HGH X 1.168 0.602 1.356 0.351 
SE 0.130 0.101 0.037 0.858 

The mice were injected with either 125I-HCG or t~-aI-HGH. The 
figures represent the mean (~) and standard error (SE) of the mean 
for 8 animal studies each (see parentheses}. HCG, Human ehorionic 
gonadotrophin; HGH, Human growth hormone. 
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employed  in t he  p r e s e n t  s t u d y  h a v e  b e e n  p rev ious ly  
charac te r i zed  accord ing  to g r o w t h  p a t t e r n  and  h i s to logy  
b y  GARDNER 9. The  g ranu losa  (Types I a n d  I I I )  and  theca  
t u m o r s  (Type II)  descr ibed  b y  GARDNER were usua l ly  
composed  of a t  leas t  7 0 - 8 0 %  of t h e  p a r t i c u l a r  cell t y p e  
des ignated .  I n  addi t ion ,  t he  t u m o r s  were func t iona l  h a v -  
ing been  shown to  p roduce  est rogen,  and  to  a lesser 
ex ten t ,  androgen .  I t  was n o t e d  b y  LI a n d  GARDNER 1~ 
t h a t  t he  ovar ies  of t u m o r  bea r i ng  mice  t r e a t e d  w i t h  
g o n a d o t r o p h i n  (p r egnan t  m a r e  serum) showed andro-  
genic effects. The  ova r i an  suppress ion  b y  t he  t h e c a  cell 
t u m o r s  n o t e d  in t h e  p re sen t  s t u d y  f u r t h e r a t t e s t  to  t he  
androgen ic  effects p roduced  by  th i s  t u m o r  type.  Thus,  t he  
his to logical  and  endocr ine  aspec ts  of these  t u m o r s  are 
well  es tabl i shed.  

P rev ious  inves t iga t ions  h a v e  impl i ca t ed  t he  t heca  cells 
a n d  t h e i r  der iva t ives ,  t he  in t e r s t i t i a l  cells, as a n  index  of 
HCG sens i t i v i t y  1~. I n  t he  hypophysectomized ra t ,  H C G  
has  been  repor ted  to exer t  a powerfu l  s t i m u l a t i n g  effect  
on the  ova r i an  in t e r s t i t i a l  cells 2. I n  t h e  i n t a c t  animal ,  
HCG is k n o w n  to p r o m o t e  fol l icular  g r o w t h  a n d  lu te in iza-  
t ion  due to i t s  synerg is t ic  a c t i v i t y  w i t h  t h e  p i t u i t a r y  
g o n a d o t r o p h i n s  is. The  recep tor  cell for H C G  in t he  
p s e u d o p r e g n a n t  r a t  o v a r y  is r epo r t ed ly  t h e  lu te in  ceils of 
t he  corpus  l u t e s  1., Thus ,  i t  appea r s  t h a t  m o s t  of t he  
o v a r i a n  cel lular  c o n s t i t u e n t s  are sens i t ive  to  HCG 
s t i m u l a t i o n  d e p e n d i n g  on the  physio logica l  s t a t e  of t he  
a n i m a l  ovary .  

The  two cell t h e o r y  of h o r m o n e  p r o d u c t i o n  in t h e  o v a r y  
s t a t e s  t h a t  the  g ranu losa  ceils p roduce  one t y p e  of steroid,  
t he  t h e c a  ano the r ,  a n d  t h a t  b o t h  are necessa ry  for es t rogen  
p r o d u c t i o n  ~s. R e c e n t  t i ssue  cu l tu re  a n d  t r a n s p l a n t  s tudies  
h a v e  shown t h a t  a t  leas t  2 of t he  ova r i an  cell t ypes  
(granulosa  + t h e c a  or in te r s t i t i a l )  m u s t  be  p re sen t  in  
order  for  es t rogen secre t ion  to occur  ~s. Thus ,  s te ro id  
p r o d u c t i o n  in t he  o v a r y  is d e p e n d e n t  on  an  i n t e r p l a y  be-  
tween  the  2 cell types.  The  t heca  and  in t e r s t i t i a l  cells are 
capab le  of p r o d u c i n g  copious  a m o u n t s  'of androgen ic  
s teroids  such  as a n d r o s t e n e d i o n e  and  t e s to s t e rone ;  these  
s te ro ids  are  t he  i m m e d i a t e  precursors  of es t rogens  ~7. I t  is 
suggest ive,  f rom t h e  p r e s en t  s tudy ,  t h a t  t he  t h e c a  a n d / o r  
i n t e r s t i t i a l  cells are t he  m a j o r  H CG  recep tor  cell in t he  
in tac t ,  n o n p r e g n a n t  r o d e n t  o v a r y  a n d  o v a r i a n  t u m o r  

(theca).  P e r h a p s  H C G  s t imu la t e s  tl~e t h e c a  ceils to  p roduce  
t he  androgen ic  p recursors  w h i c h  t h e n  i n t e r a c t  w i t h  
g ranu losa l  ceils for t he  p r o d u c t i o n  of es t rogens.  I n  t h e  
corpus  lu t eum,  however ,  t he  g ranu losa  cells are t r a n s -  
fo rmed  in to  a l u t e in  cell c apab le  of b o t h  p roges t e rone  and  
es t rogen  b iosyn thes i s .  The  lu te in  cells become  h igh ly  
sens i t ive  to  H C G  since t h e y  are more  capab le  of p r o d u c i n g  
t he  androgen ic  s tero id  precursors  due  to t he  change  in t he  
b i o s y n t h e t i c  p a t h w a y .  

Zusammen/assung. Bei  Mgusen  m i t  Granulosa- oder  
T h e c a - T u m o r e n  wurde  die B i n d u n g  yon  I=sI-HCG un te r -  
sucht .  I m  Vergle ich  zur  B i n d u n g  a n  a n d e r e  Gewebe 
derse lben  Tiere k o n n t e  eiue zel lspezif ische B i n d u n g  im 
Bere ich  der  T u m o r e n  fes tges te l l t  werden.  Die Be funde  
werden  im Z u s a m m e n h a n g  m i t  der  Zweizel l theor ie  der  
ovar ie l len  Stero idgenese  d i sku t ie r t .  
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Na-Carbamoyl-2-O-Methyltyrosine-oxytocin and 1-6 a Deamino Cystathionine-2-O-methyltyrosine 
Oxytocin: Two Antagonists of Oxytocin on Amphibian Epithelial Cell Receptors  

Severa l  s t r u c t u r a l  ana logues  of n e u r o h y p o p h y s e a l  hor-  
mones  h a v e  been  shown  to a n t a g o n i z e  t he  effects  of t he  
ac t ive  pep t ides  on t he i r  d i f fe ren t  t a r g e t  o rgans  (for review, 
see ~). I n  the  p r e sen t  s tudy ,  we descr ibe  t he  i nh ib i t i on  of 
t he  h y d r o o s m o t i c  and  na t r i fe r ic  effects  of oxy toc in  on t he  
frog skin  and  b l a d d e r  by  N e - C a r b a f n o y l - 2 0 - m e t h y l t y  - 
ros ine -oxy toc in  : C b m O T  2 and  1 -6~  d e a m i n o c y s t a t h i o n i -  
n e - 2 - O - m e t h y l t y r o s i n e - o x y t o c i n  : MeDCOT-18;  the  s t ruc-  
t u r e  of these  ana logues  4 is descr ibed  in Tab le  1. 

Experimental. The  h y d r o o s m o t i c  effect  ( increase in t he  
ne t  w a t e r  flow a long  a n  osmot ic  grad ien t )  was  m e a s u r e d  
on  t he  i so la ted  frog b l a d d e r  (Rana esculenta) us ing  a pre-  
v ious ly  descr ibed  t e c h n i q u e  5. T he  dose-response  re la t ion-  
ship for s y n t h e t i c  oxy toc in  ( Syn t oc i non  Sandoz)  was f i rs t  
d e t e r m i n e d  us ing  t he  c u m u l a t i v e  doses t echn ique .  The  
a f f in i ty  of oxy toc in  for i ts  r ecep to r  was  m e a s u r e d  accord-  
ing to EGGENA 6 et  al. by  t he  P D  2 va lue  (negat ive  l o g a r i t h m  
of t he  mo la r  c o n c e n t r a t i o n  of h o r m o n e  in t he  m e d i u m  
(AS0) y ie ld ing  ha l f  the  m a x i m u m  response) .  I t s  a p p a r e n t  

in t r ins ic  a c t i v i t y  was m e a s u r e d  b y  t h e  m a g n i t u d e  of t he  
m a x i m u m  biological  response.  Af te r  wash ing  ou t  t h e  hor-  
m o n e  and  comple te  reversa l  of t he  h y d r o o s m o t i c  response,  
t he  dose-response  r e l a t i onsh ip  for oxy toc in  was aga in  de- 
t e r m i n e d  in t h e  presence  of a k n o w n  c o n c e n t r a t i o n  (B) of 
t h e  inh ib i to r .  The  new A 50 va lue  (A 50 B) was used to  
ca lcu la te  t he  a f f in i ty  c o n s t a n t  of t h e  i nh ib i t o r s :  

pA 2 = --  log (B/(A 50B/A50-1))  
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