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T r e a t m e n t  o f  F344 r a t s  w i th  d i e t h y l s t i l b e s t r o l  ( D E S )  fo r  1-2 m o n t h s  i n d u c e s  a p r o l a c t i n  ( P R L ) - s e c r e t -  
ing  p i t u i t a r y  a d e n o m a .  A f t e r  8 weeks  o f  D E S  t r e a t m e n t ,  we h a v e  sh o w n  t h a t  t he  r a t i o  o f  r e g u l a t o r y  
s u b u n i t s  o f  the  c A M P - d e p e n d e n t  p r o t e i n  k inase  (RI /RI I )  i n c r e a s e d  in the  t u m o r s .  P r e s e n t l y  we 
r e p o r t  the  v a r i a t i o n s  in R I / R I I  r a t io ,  p i t u i t a r y  weigh t ,  D N A  c o n t e n t ,  s e r u m  P R L ,  n u c l e a r  e s t r o g e n  
r e c e p t o r  (E2R) a n d  o f  o r n i t h i n e  d e c a r b o x y l a s e  (O D C)  ac t i v i t y  f r o m  the  t i m e  o f  D E S  pe l l e t  
i m p l a n t a t i o n  un t i l  8 weeks.  P i t u i t a r y  weigh t ,  D N A  c o n t e n t  a n d  s e r u m  P R L  rose  s ign i f i can t ly  a t  4 
weeks  w i th  a m a x i m u m  at  6-8 weeks,  a n d  s ign i f i can t ly  c o r r e l a t e d  wi th  e a c h  o t h e r .  EzR a n d  O D C  
a c t i v i t y  i n c r e a s e d  f r o m  week 1 o n w a r d s ,  w i th  a m a x i m u m  at  2 weeks  a n d  d e c r e a s e d  at  8 weeks.  B o t h  
v a r i a b l e s  s h o w e d  a pos i t i ve  c o r r e l a t i o n  b u t  n e i t h e r  E2R n o r  O D C  ac t iv i t y  c o r r e l a t e d  wi th  p i t u i t a r y  
we igh t ,  D N A  or  s e r u m  P R L .  Values  f o r  RI  r e m a i n e d  s t ab le  w i th  t i m e ,  b u t  RI I  d e c r e a s e d  p r o g r e s s -  
ively.  T h e  R I / R I I  r a t i o  was m a i n t a i n e d  a r o u n d  u n i t y  b e t w e e n  1-4 weeks,  i n c r e a s i n g  to 1.6-2 
t h e r e a f t e r .  Th i s  r a t i o  pos i t i ve ly  c o r r e l a t e d  w i th  p i t u i t a r y  we igh t  a n d  DNA.  It  is su g g es t ed  t h a t  d u r i n g  
t u m o r  i n d u c t i o n  by  e s t r o g e n  in a sens i t ive  s t r a i n  o f  r a t s ,  g r o w t h  s ignals  w i th  d i f f e r en t  t i m e - c o u r s e s  
b e c o m e  a c t i v a t e d .  I n c r e a s e s  in p i t u i t a r y  w e ig h t  a n d  D N A  c o n t e n t ,  i n d i c a t o r s  o f  m a m m o t r o p h  
h y p e r t r o p h y  a n d  h y p e r p l a s i a ,  w e r e  p r e c e e d e d  by  e a r l y  r i ses  in E2R a n d  O D C  ac t iv i ty .  I n c r e a s e s  in 
the  R I / R I I  r a t i o  a c c o m p a n i e d  the  a d e n o m a t o u s  change ,  sugges t ing  t h e i r  ro le  in cell  t r a n s f o r m a t i o n  
a f t e r  6 weeks  o f  e s t r o g e n  e x p o s u r e .  
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INTRODUCTION 

Chronic treatment with estrogens induces a prolactin 
(PRL)-secret ing pituitary adenoma [1]. T u m o r  induc- 
tion is facilitated in Fischer 344 (F344) r a t s  which are 
genetically hypersensitive to estrogens [2]. Histologi- 
cally the tumors are composed of hyperplastic and 
hypertrophied mammotrophs,  with involution of soma- 
totrophs and gonadotrophin-producing cells [3, 4]. 

Emphasis has been placed on the hypothalamus as 
the anatomical site of action for estrogen induction of 
pituitary tumors,  due to the suppression of tuberoin- 
fundibular dopaminergic neurons by estrogen or high 
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P R L  titers [5-7]. However,  the presence of very high 
affinity estrogen receptors (EzR) in the adenomata, 
supports a direct hormonal effect at the pituitary level 
[8, 9]. Th e  high rate of D N A  synthesis [4] and of DNA 
polymerase ~ activity in the tumors [10] as well as the 
report  of an estrogen-responsive element in the 5'- 
flanking region of the P R L  gen in the tumors [11] are 
consistent with direct stimulation of mammotroph pro- 
liferation by estrogens [12]. However,  the messengers 
involved in this proliferative effect are not clearly 
defined. In another model of hormone-dependent  
malignancy, the interaction between E2R and cyclic 
adenosine monophospate (cAMP) binding proteins has 
been postulated to modify gen expression [13]. In this 
respect, cAMP binding to the regulatory subunits of 
cAMP-dependent  protein kinase (PK) called isoforms 
RI or RII ,  may differentially affect cell proliferation or 
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differentiation [14, 15]. In  agreement with these con- 
cepts, we found in pituitary tumors  f rom F344 female 
rats increased EzR in cell nuclei and increased binding 
of cAMP to the immunoprecipi table  RI  isoform in 
cytosol, whereas binding to RI I - - ind ica t ive  of  differ- 
ent ia t ion--was reduced in nuclei [16, 17]. Most  studies 
to date, with some exceptions [7, 18], have compared 
biochemical changes in grown pituitary tumors with 
glands from hormone-free rats. In this report,  we 
measured over a period of 1-8 weeks after diethylstil- 
bestrol (DES) pellet implantation into male rats, some 
parameters  of the cellular effects of estrogens, such as 
pituitary weight, D N A  content and serum PRL.  These 
parameters  were correlated with: (1) E2R, considering 
that the strict hormone-dependency of the tumor  [2] 
relies on an activated hormone-receptor  complex; (2) 
ornithine decarboxylase (ODC) activity, a rate-limiting 
enzyme in polyamine biosynthesis, which stimulates 
DNA,  RNA and protein synthesis [19] and (3) the 
levels of  RI  and R I I  isoforms of cAMP-dependent  PK,  
due to their postulated role in cell proliferation and 
differentiation. By carrying out a t ime-course analysis, 
we hoped to gain information regarding which par- 
ameter(s) showed the most conspicuous changes at the 
time of transition f rom normal pituitary to hyperplasia 
to the hormone-dependent  pituitary tumor  [4, 16]. 

M A T E R I A L S  A N D  M E T H O D S  

Experimental animals 

Male Fischer 344 rats (200-250 g) obtained from the 
Atomic Energy Agency (Buenos Aires) were housed 
under  controlled temperature  and lighting conditions 
(lights on from 0700-1900 h) and divided in different 
groups in order to receive estrogenic t reatment  for 1-8 
weeks. The  treatment was carried out by implanting a 
single subcutaneous pellet of  DES weighing 20 mg, as 
described previously [4,9, 16, 17]; control rats (0 
weeks) were sham implanted 1 week before sacrifice. At 
the time of sacrifice, animals were anesthetized with 
ether, bled for serum P R L  determination and perfused 
intracardially with ice-cold 0.9% NaC1. Anterior pitu- 
itaries and DES- induced  pituitary tumors ( D E S - T )  
were immediately removed from the skull of the ani- 
mals, weighed on a Mett ler  balance, frozen on dry ice 
and stored at - 7 0 ° C  until use. 

D N A  content 

D N A  content of the glands was determined by 
the diphenylamine method [20], employing nuclear 
purified pellets sedimented after centrifugation of pi tu-  
itary homogenates (see below). Results were expressed 
in mg/gland. 

Serum P R L  

Serum P R L  was measured with a N I D D K  rat P R L  
kit as shown by Becti and Liber tun  [21], and results 

were expressed in ng/ml serum, in terms of RPI  
standard. 

E~ 
E2R were measured in purified pituitary cell nuclei 

according to Roy and McEwen [22]. Tissues were 
homogenized in N I  buffer (1 m M  KH2PO4, 0.32 M 
sucrose, 3 m M  MgCI2, 0.25% Tr i ton  X-100, p H  6.5), 
and the homogenates were spun at 850 g for 10 min at 
0 -4°C.  Pellets were washed twice with N I I  buffer 
(same as N I  but without Tr i ton  X-100) and suspended 
in N I I I  buffer (1 m M  KH2PO 4, 2.39 M sucrose, 1 m M  
MgC12). Purified nuclei were prepared after centrifu- 
gation at 25 ,000g for 30min;  the pellets were salt 
extracted with 0.4 M KC1 and the solubilized receptors 
were incubated under  conditions allowing for the ex- 
change of the DES-associated receptor with [3H]E2 
added to the cytosol. T o  this end, samples were incu- 
bated for 5 h at 25°C with 2.5 nM [3H]-E2, with a 
parallel set of incubations containing a 500-fold excess 
E 2 to determine non-specific binding. Bound and free 
steroids were separated on Sephadex L H  20 columns, 
according to Guinsburg  et al. [23] and results of 
specific binding were expressed in fmol /mg DNA.  

ODC activity 

O D C  activity was measured according to the pro-  
cedure of Russell and Snyder [24]. In brief, tissues 
were homogenized in 50 m M  KH2PO 4 buffer (pH 7.2), 
2 m M  E D T A ,  1 m M  dithiothreitol, 30 m M  NAN3, and 
centrifuged at 20,000 g at 0 -4°C.  T h e  supernatant  was 
incubated with 0 . 2 m M  [14C]ornithine and 0.1 m M  
pyridoxal phosphate.  After 60 min at 37°C, the reaction 
was stopped by addition of 40% trichloroacetic acid, 
and the [14C]CO2 evolved was trapped in a well contain- 
ing 0 .2ml  of N C S  solubilizer. O D C  activity was 
expressed in pmol [14C]CO2 released/h/mg prot [25]. 

Immunoprecipitation of R I  and R I !  subunits of the 
cAMP-dependent  P K  

Immunoprecip i ta t ion  was performed by methods 
described by Piroli et al. [17]. Tissues were homogen-  
ized in 50 m M  sodium phosphate buffer p H  7.0 con- 
taining 1 0 0 m M  NaC1, 6 m M  /~-mercaptoethanol, 
2 m M  E G T A ,  0.2 m M  E D T A ,  10 m M  MgC12, pep-  
statin (2 #g/ml) ,  leupeptin (2 #g/ml),  bestatin (2 #g/ml)  
and 1 m M  benzamidine (homogenization buffer, HB). 
The  samples were centrifuged at 105,000g for 1 h at 
0 -4°C.  Aliquots of the resulting cytosol were incubated 
with 0 . 7 p M  [3H]cAMP prepared in HB containing 
1 m M  methylisobutylxanthine (MIX) ,  with or without 
a 1000-fold excess of unlabeled cAMP to determine 
non-specific binding. The  reaction proceeded for 2 h at 
25°C [26]. For  immunoprecipi tat ion,  ant i -RI  (10 #1) or 
an t i -RI I  (12#1) antisera were added, based on 
immunoti t ra t ion curves showing complete precipi- 
tation of [3H]cAMP bound to RI  or R I I  using these 
quantities [17]. T h e  mixture was incubated for 1 h at 
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0-4°C,  followed by addition of 5 ~1 of a sheep anti- 
rabbit 2nd antibody per /~1 of 1st antibody, with 
continuing incubation for 30 min. The  resulting com- 
plexes were recovered by centrifugation at 1000g for 
10 rain, the pellets were resuspended in 1 ml HB and 
filtered through GF/B glass fiber filters under  vacuum. 
T he  filters were then washed twice with HB, dried in 
vials and their radioactive content determined after 
addition of 5ml  to luene-Tr i ton  X-100 (70:30, v/v) 
mixture. Results were expressed in pmol [3H]cAMP 
bound to RI or to RI I /mg  protein, or as the RI /RI I  
ratio. 

Statistical analysis 

Results were analyzed by one-way ANOVA, 
according to the Instat V1.0 GPIS  program, followed 
by post-hoe comparisons using Duncan's  test. Par- 
ameters were correlated using linear regression. Th e  
correlation coefficient (r) was calculated, and P < 0.05 
was considered significant. 

Materials 

[2,  4 ,  6 ,  7 - 3 H ] E 2  ( 9 8  Ci/mmol), L-[1-14C]ornithine 
(51.6mCi/mmol)  and [2,8-3H]cAMP ammonium salt 
(34.5 Ci/mmol) were purchased from Dupont  N E N  
(Boston, MA). Steroids (DES, E2), cAMP, MIX,  
pepstatin, bestatin, benzamidine, leupeptin, E G T A ,  
E D T A  and Sephadex L H  20 were obtained from 
Sigma (St Louis, MO).  All other reagents were of 
analytical grade. Policlonal rabbit antisera to RI and 
RII  subunits were the kind gift of Dr  Jack Erlichman 
(Department of Medicine & Biochemistry, Albert 
Einstein College of Medicine, Bronx, NY). The  specifi- 
city of these antisera and the cross-reactivity with 
other species have been described previously [26, 27]. 
Sources of highly purified RI and RII  subunits were 
bovine muscle and bovine cerebral cortex, respectively 
[27]. It has been demonstrated that ant i-RII  antibodies 
do not recognize type I holoenzyme, free RI or C 
subunits; similarly, anti-RI antibodies precipitate 
holoprotein kinase I and free RI subunit, without 
cross-reaction with protein kinase A I I  or its dissoci- 
ated subunits [26]. DES pellets were kindly prepared 
by Dr  E. Montuori  (Gador Labs, Buenos Aires). 

RESULTS 

Estrogenization of F344 male rats using a pellet 
implantation method increased anterior pituitary 
weight [Fig. I(A)]. Although weight doubled after 2 
weeks of DES treatment,  it was not until 4 weeks that 
the difference became significant with untreated rats 
[32.4 +3 . 2  vs 9.1 + 0 . 3 m g ,  P <0.01;  Fig. I(A)]. 
Pituitary growth dramatically increased between 4 and 
6 weeks of treatment,  reaching a plateau at 8 weeks. By 
this time, weight was about 70 mg, i.e. 8-fold higher 
than at 0 week [Fig. I(A)]. 

Concomitant to weight gain, there was an increase 
in D N A  content of the glands [Fig. I(B)]. By 4 weeks, 
the increment was significant with respect to untreated 
rats (150.9+ 13.4 vs 57.1 + 2.4/~g/gland, P <0.01).  
Between 4 and 6 weeks, D N A  content continued to 
increase, without significative changes after that time 
[Fig. I(B)]. Due to parallel changes, D N A  content and 
pituitary weight were highly correlated [r = 0.994, 
P < 0.0001; Fig. 2(A)]. 

A raise in serum P R L  was measured from the 
beginning of the treatment [Fig. I(C)], continuing 
during the whole estrogenization period. Values as high 
as 3 6 7 4 + 6 9 8 n g / m l  were obtained at 8 weeks 
[Fig. I(C)]. Correlation of serum P R L  with pituitary 
weight and D N A  content was extremely significant 
[r = 0.862, P <0.0001 and r = 0.857, P <0.0001,  
respectively, Fig. 2 (B and C)]. 
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Fig.  1. D i s t r i b u t i o n  o f  p i t u i t a r y  w e i g h t  (A), D N A  c o n t e n t  (B) 
a n d  s e r u m  p r o l a c t i n  (C) a c r o s s  t i m e  in  m a l e  F344 r a t s  i m -  
p l a n t e d  s.c. w i t h  a s ing le  20 m g  D E S  pe l l e t  fo r  1-8 weeks .  
R e s u l t s  fo r  s h a m - t r a n s p l a n t e d  r a t s  ( c o n t r o l s )  a r e  t h o s e  a t  0 
t i m e .  V e r t i c a l  l i nes  r e p r e s e n t  t h e  m e a n  _+ SE o f  n = 4 a n i m a l s  
p e r  po in t .  T h e  t h r e e  v a r i a b l e s  b e c a m e  s i g n i f i c a n t l y  h i g h e r  
t h a n  c o n t r o l s  a t  4 weeks  o r  l o n g e r  p e r i o d s  (P  < 0.01 b y  

A N O V A  a n d  D u n c a n ' s  post-hoe tes t ) .  
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Fig. 2. Correlation analysis from data presented in Fig. 1. (A) 
Anterior pituitary weight vs DNA content and (B) the an- 
terior pituitary weight vs serum PRL. A significant positive 
correlation was obtained (A: r = 0.9936, P <0.0001; B: 
r =0.8619, P <0.0001). As shown in (C), DNA content and 
serum PRL were also significantly correlated (r =0.8570, 

P < 0.001). 

F igure  3(A) shows the changes observed in the 
con ten t  of nuclear  E2R over the 8-week period. E2R 
were signif icantly higher  than  in pi tui tar ies  f rom u n -  
t reated rats at 1 week [ 2 3 8 . 7 + 3 9 . 0 f m o l  [3H]E2 
b o u n d / m g  D N A  vs 0 w e e k = 4 4 . 1 + 8 . 9 ,  P < 0 . 0 1 ;  
Fig. 3(A)]. T h e  highest  values were recorded at 2 
weeks; after this t ime, E2R remained  u n c h a n g e d  unt i l  
8 weeks, when  a reduc t ion  to levels lower than  those in 
pi tui tar ies  f rom 1 week-treated animals  was recorded 
(8 weeks = 174.7 + 9.1, P < 0.05 vs 1 week). However ,  
E2R in 8 week- t reated rats was still h igher  than  in 
pi tui tar ies  f rom un t rea ted  rats with sham implan ta t ion  
[8 vs 0 weeks P < 0.01; Fig. 3(A)]. 

O D C  activity is shown in Fig. 3(B). T h e  profile 
of O D C  activity with respect to t ime was similar to 
that  of  E2R, showing an inc remen t  by 1 week 
(103.7 + 13.3 pmol  [14C]CO2 re leased/h /mg prote in  vs 

0 week = 8.9 + 1.2, P < 0.05), a plateau from 2 to 6 
weeks and  a decrease by 8 weeks (154.8 + 29.5 vs 6 
weeks = 248.4 + 32.1, P < 0.05). T h e  correlat ion of 
O D C  activity with E2R was significant [r = 0.702, 
P = 0.0001; Fig. 3(C)]. However ,  no correlat ions were 
found  be tween O D C  activity and p i tu i ta ry  weight,  
D N A  conten t  and  serum P R L  (data not  shown).  S imi-  
larly, E2R did not  correlate with these parameters .  

O ur  s tudy inc luded  the me a su r e me n t  of i m m u n o -  
precipi table  RI  and  R I I  subun i t s  of the c A M P -  
de pe nde n t  P K  over the 8-week per iod of D E S  
t rea tment .  Whi le  f luctuat ions in RI  conten t  were not  
significantly different f rom each other  [Fig. 4(A)], R I I  
decreased significantly by 2 weeks [1.60 + 0.15 pmol  
[3H]cAMP b o u n d / m g  prote in  vs 0 week = 2.62 + 0.11, 

P < 0.01; Fig. 4(B)] with this t r end  c o n t i n u i n g  unt i l  
the end of the s tudy [8 weeks = 1.25 + 0.26, P < 0.01 
vs 0 week; Fig. 4(B)]. T h e  R I / R I I  ratio was ma in t a ined  
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Fig. 3. Distribution of nuclear E2R (A) and activity of ODC 
(B) across time in animals estrogenized during 1-8 weeks. 
Both variables were significantly higher than controls at all 
times, starting at 1 week (E2R: P < 0.01; ODC: P < 0.05). At 8 
weeks, both parameters were lower than at 1 week (P < 0.05). 
As shown in the lower graph (C), E2R and ODC activity were 

significantly correlated (r = 0.7021, P < 0.001). 
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Fig. 4. D i s t r i b u t i o n  o f  r e g u l a t o r y  s u b u n i t s  o f  cyclic A M P  
d e p e n d e n t  RI  (A), RI I  (B) and  the  R I / R I I  r a t i o  (C) a c ro s s  t i m e  
in a n i m a l s  e s t r o g e n i z e d  for  1-8 weeks.  Values  fo r  RI  w e r e  no t  
s igni f icant ly  d i f fe ren t  f r o m  con t ro l  p i tu i t a r i e s .  RI I  s h o w e d  a 
s ign i f ican t  r e d u c t i o n  wi th  t i m e  at  2 weeks or  l onge r  
(P  < 0.01). The  R I / R I I  r a t io  was  s ign i f ican t ly  h i g h e r  t h a n  
con t ro l s  at  6 a n d  8 weeks (P  < 0.05 or  less).  S ta t i s t i ca l  signifi-  
cance  was  s t ud i ed  by A N O V A  a n d  D u n c a n ' s  post-hoc test .  

near unity at the 1, 2 and 4 week periods, after which 
a significant increment  was registered at 6 weeks 
[2 .10+0 .35  vs 0 w e e k = 0 . 9 8 + 0 . 1 0 ,  P < 0 . 0 1 ;  
Fig. 4(C)] and was sustained at 8 weeks [1.63 + 0.07, 
NS vs 6 weeks, P < 0.05 vs 0 week; Fig. 4(C)]. 

As RI  content showed some stability, it did not 
correlate with pituitary weight or D N A  content (data 
not shown). However ,  R I I  content negatively corre- 
lated with both pituitary weight and D N A  content 
[r = -0 .726 ,  P < 0.0001 and r = - 0 . 7 3 1 ,  P < 0.0001, 
respectively, Fig. 5 (A and B)]. T h e  R I / R I I  ratio 
positively correlated with the pituitary weight and the 
D N A  content (r = 0.755, P < 0.0001 and r = 0.819, 
P < 0.0001, respectively [Fig. 5 (C and D)], but not 
with serum P R L  (data not shown). 

DISCUSSION 

T h e  present study was undertaken to delineate the 
time course of  some estrogen responsive systems in 
the anterior pituitary undergoing tumorigenesis. Our  
criterion for tumor  formation was a pituitary weight in 
excess of  50 mg, in agreement with Welsch et al. [28]; 
others [3] have established 30 mg as the limit between 
glandular hyper t rophy and tumor.  Sequentially, pitu- 
itaries exposed to estrogen first develop hypersecreting 
mammotrophs ,  with cells then becoming hypertrophic  
and lastly hyperplastic before the adenomatous change 
[4, 29, 30]. Events occurring before 4 weeks, therefore, 
were assigned to hypersecret ing mammot rophs ,  then 
to hypertrophic/hyperplast ic  PRL-produc ing  cells, 
whereas those in rats killed at 6 and 8 weeks to tumors,  
based on their secretory properties and morphologic 
appearance after electron microscopy [4]. Our  analysis 
demonstrated an increase in weight and D N A  content 
at 4 - 6  weeks of DES  treatment,  with a plateau in the 
8th week. A high correlation between serum P R L  and 
D N A  content/pi tui tary weight was confirmed, due to 
the hypersecretory nature of the tissue across t ime [30]. 
Functionally, hyperplastic glands and tumors  seemed 
to have comparable capacity to secrete PRL.  

Other  correlating variables were E2R and O D C  
activity. Both showed abrupt  increases at 1-2 weeks, 
plateauing thereafter and decreasing in the 8th week. 
Changes of  E2R could be due to increased receptor 
synthesis [31] or facilitated nuclear translocation of the 
cytoplasmic ligand-activated receptor [32]. However,  it 
is likely that upon occupation, nuclear receptors for 
estrogen increase their affinity for D N A  due to greater 
development  of salt bridges between the protein and 
the polynucleotide [33]. The  very high affinity (Kd 
0.1 nM) of the E2R found by our laboratory in estro- 
gen-induced pituitary tumors  may be due to the recep- 
tor becoming tightly bound to pituitary cell nuclei 
[8, 9, 34]. This  mechanism could account for the EzR 
increase found in normal,  p re- tumorous  and tumorous 
pituitaries. The  slight, albeit significant reduction 
of E2R in the 8th week, could represent receptor 
down-regulat ion due to continuous exposure to high 
concentrations of  estrogen [35] or decreased receptor 
activity in mammot rophs  becoming less differentiated 
as tumors  approached their maximal growth. 

As mentioned previously, O D C  activity paralleled 
the changes in E2R, suggesting a cause and effect 
phenomenon.  Estrogens also induce an early increase in 
O D C  activity in uterus, kidney, and liver [36]. The  
polyamines resulting f rom the increased O D C  activity 
serve as intracellular mediators for hormonal  trophic 
effects on proliferation and differentiation of cells 
[36,37]. Similarly to E2R content, O D C  activity 
showed an early rise before significant changes in 
weight or D N A  content, then stabilized but decayed in 
the 8th week period. This  finding suggested an early 
increase but late reduction of EzR biological activity in 
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Fig. 5. Correlation analysis from data presented in Figs 1 and 4. As shown in (A) and (B), immunoprecipi ta ted 
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nuclei ,  a l t hough  it is also poss ib le  tha t  O D C  becomes  
more  suscep t ib le  to deg rada t i on  by  in te rac t ion  wi th  
an t i zyme ,  a specific i nh ib i t o r  o f  O D C  which  is i n d u c e d  
by  po lyamines  [38]. 

T h e  t ime  sequence  o f  c A M P  b i n d i n g  by  the i soforms 
o f  P K  imp l i ca t ed  this t r a n s d u c t i o n  p a t h w a y  in the  
gene ra t ion  o f  an te r io r  p i t u i t a ry  tumors .  I t  is known  
that  the  c A M P - d e p e n d e n t  P K  is n o r m a l l y  i nh ib i t ed  
because  o f  the  t igh t  associa t ion  of  the  R and C subun i t s  
[39]. W h e r e a s  free C subun i t  is r e spons ib le  for p ro t e in  
p h o s p h o r y l a t i o n ,  d i s t inc t  func t ions  have recen t ly  been  
pos t u l a t ed  for the  d i s soc ia ted  R I  and  R I I  subuni t s .  
C h o - C h u n g  et al. [14, 15] pos tu l a t ed  tha t  R I  and  R I I  
subun i t s  b o u n d  to c A M P  t r ansduce  oppos i t e  signals,  
such  as R I  s t imu la t ing  and  R I I  i nh ib i t i ng  the  con t ro l  
of  cell p ro l i fe ra t ion .  In  p i t u i t a ry  t u m o r s  f rom female  
F344 rats ,  we obse rved  a s ignif icant  increase  of  
[3H]cAMP b i n d i n g  to i m m u n o p r e c i p i t a b l e  R I  w i thou t  
changes  in nuc leo t ide  b i n d i n g  to R I I  [17]. In  the  
c u r r en t  s t u d y  e m p l o y i n g  male  rats,  b i n d i n g  to R I  was 
u n c h a n g e d  u p o n  h o r m o n e  exposu re  whereas  tha t  to 
R I I  showed  a t i m e - d e p e n d e n t  r educ t ion .  I n spec t i on  of  
the  R I / R I I  rat io  at the  4 - 8 t h  week pe r iod  sugges ted  
tha t  u p o n  t r ans i t ion  f rom h y p e r t r o p h i c / h y p e r p l a s t i c  
p i t u i t a ry  to adenoma ,  there  was a m a r k e d  increase  in 
this  rat io.  Clear ly ,  in male  rats  t u m o r  g rowth  co r re l a t ed  
wi th  u n b a l a n c e d  express ion  o f  R I  subun i t s  ( s t imu-  
la tory  o f  cell p ro l i fe ra t ion)  due  to a r educ t ion  in R I I  
subun i t s .  

In  conc lus ion ,  we have obse rved  changes  in g r o w t h -  
p r o m o t i n g  signals  in the  an te r io r  p i t u i t a ry  u n d e r g o i n g  
tumor igenes i s .  Ea r ly  fo l lowing  es t rogen iza t ion ,  incre-  
m e n t s  of  nuc lea r  E2R and O D C  act iv i ty  p r e c e e d e d  the 
changes  and  may  be re la ted  to p i tu i t a ry  g rowth  and  
D N A  content .  L a t e r  pe r iods  p r e sen t ed  a r educ t i on  in 
c A M P  b i n d i n g  to R I I  subun i t s  favor ing  nuc leo t ide  
b i n d i n g  to the  R I  i soform,  events  favor ing  t u m o r  
fo rmat ion ,  accord ing  to cu r r en t  concepts .  O u r  h y p o t h -  
esis does not  neglec t  the  role of  f ib roblas t  g rowth  factor  
[40], angiogenes is  [41] or  i m p a i r e d  d o p a m i n e r g i c  h y p o -  
tha lamic  func t ion  [6, 7] in the  p a t h o p h y s i o l o g y  of  
adenomas .  H o w e v e r ,  by  po in t i ng  out  the  t ime  sequence  
response  o f  some cel lular  marker s ,  it may  shed l ight  on 
the  role of  h o r m o n e s  in tumor igenes i s .  
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