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PROLACTIN STIMULATION OF ORNITHINE DECAKBOXYLASE ACTIVITY I N  THE 
MAMMARY GLAND MAY INVOLVE AN ACTIVATION OF PROTEIN KINASE c1 
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Phorbol m y r i s t a t e  ace ta te  (TPA), a p r o t e i n  k inase C a c t i v a t o r ,  s t im-  
u l a tes  o r n i t h i n e  decarboxyl ase (ODC) a c t i v i t y  i n  mammary g land 
exp lan ts  der ived  from 12-14 day pregnant mice. The calc ium ionophore 
A23187 s i m i l a r l y  s t imu la tes  ODC a c t i v i t y .  Maximal l y  s t imu la to r y  
concent ra t ions  o f  TPA and A-23187 produce addi t i ve responses. The 
p r o l a c t i n  (PRL) s t i m u l a t i o n  o f  ODC a c t i v i t y  i s  nonaddi t i v e  t o  t h a t  
caused by TPA, A23187 o r  TPA p l u s  A23187. These observat ions a r e  
compat ib le w i t h  t h e  t h e s i s  t h a t  t h e  s t i m u l a t i o n  o f  ODC a c t i v i t y  by 
PRL may occur v i  a an a c t i v a t i o n  o f  p r o t e i  n k i  nase C. o 1985 Soc ie ty  for 
Experimental Biology and Medicine. 

We have recen t l y  observed t h a t  
exogeneously added phospholipase C 
(PLC) w i l l  s t i m u l a t e  o r n i t h i n e  decar- 
boxylase (ODC) a c t i v i t y  i n  a manner 
s i m i l a r  t o  p r o l a c t i n  (PRL) i n  c u l t u r e d  
mouse mammary g land exp lan ts  (1 ) .  PLC 
cleaves phosphodi e s t e r  bonds o f  phos - 
p h o l i p i d s  t o  y i e l d  a d i g l y c e r i d e  p lus  a 
phosphorylated moiety c h a r a c t e r i s t i c  o f  
t h e  phospho l ip id  se rv i ng  as t h e  
substrate.  

P ro te i n  k inase C i s  a r e c e n t l y  
cha rac te r i  zed p l  asma membrane 
cons t i t uen t  which i s  a ca lc ium 
dependent enzyme t h a t  i s  a c t i v a t e d  by 
d i  acy l  g l yce r i des  (2,3). We reasoned 
t h a t  t h e  e f f e c t  o f  PKL and PLC on 
s t i m u l a t i n g  ODC a c t i v i t y  i n  t h e  mammary 
gland may occur v i a  a re lease  of 
d i  g l yce r i des  and a consequent i a1 
a c t i v a t i o n  of p r o t e i n  k inase C i n  t h e  
plasma membrane. Accordi ng l y  , phorbol 
m y r i s t a t e  ace ta te  (TPA), a substance 
known t o  s t i m u l a t e  p r o t e i n  k inase C 
(2,3), was t e s t e d  f o r  i t s  a b i l i t y  t o  
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s t imu la te  ODC a c t i v i t y  i n  c u l t u r e d  
mouse mammary g land explants.  Since 
p r o t e i n  k inase C i s  known t o  be a 
calc ium dependent enzyme, t h e  TPA 
e f f e c t  on ODC a c t i v i t y  was a1 so t e s t e d  
i n  t h e  presence o f  A23187, a calc ium 
i onophore. 

MATERIALS AND METHODS 

Midpregnant (10-14 days o f  preg- 
nancy) Swiss-Webster mice, used i n  a1 1 
experiments, were purchased from Har lan 
Laborator ies,  Inc.  ( I nd i  anapol i  s, IN)  ; 
ov i  ne p r o l a c t i  n (NIH-P-S-14, 31.0 
I.U./mg) was a g i f t  from NIAMD. Other 
substances were from t h e  f o l  1 owi ng 
sources: C o r t i s o l  from Charles P f i z e r  
(New York, NY); Medium 199 E a r l e ' s  
S a l t s  f r o  K.C. B i o l .  Inc.  (Lenexa, 7 KA) ; [I-1 C]  o r n i t h i n e  (49.1 mCi/mmol ) 
and hyamine hydroxide from New England 
Nuclear Corp. (Boston, MA) ; Bovi ne 
i n s u l i n ,  p e n i c i l  li n and s t rep tomyc in  
from E l i  L i l l y  Co. ( I nd ianapo l i s ,  IN ) ;  
4 -Phorbol 12-myri s t a t e  13-acetate 
(TPA) and A23187 from Sigma Chemical 
Co. (S t .  Louis, MU). 

Mice were k i  1 l e d  by c e r v i c a l  
d i s l oca t i on ,  and t h e  caudal p a i r  of 
mammary glands were removed and p l  aced 
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Table I. Effect of TPA on ODC ac t i v i t y  * 

TPA 
concentration ODC act i vi t y  

(pmol s/30 m i  n/lO mg t issue) 
0.56 f 0.30 

10.0 1.86 * 0.32** 
*txplants were incubated fo r  24 hours with 1 vg m l  

i nsu l i n  plus ~ O - ~ M  cor t iso l .  TPA was then adde; t o  
cer ta in flasks and incubations continued fo r  6 hours. 
Numbers i n  the Table represent the mean f SE of  3 
observations with t issue derived from 6 animals. 
**Signif icantly greater than control with p < .05. 

i n  medium 199 Ea r l e ' s  s a l t s .  Explants 
(about 3 my each were then prepared as 
described e a r l i e r  (4) .  A f t e r  
preparat ion,  t h e  expl an ts  were p laced 
on s i l i c o n i z e d  lens  paper f l o a t i n g  on 2 
ml medium 199 Ea r l e ' s  s a l t s  con ta in i ng  
1 ug/ml i n s u l  i n p lus  1 0 - 7 ~  c o r t i s o l .  
A i l  incubat ions  were c a r r i e d  out i n  
polypropylene v i  a1 s mainta ined a t  37C 
i n  an atmosphere o f  95% 02 - 5% CO2. 
A f t e r  a one day cu l t u re ,  PRL, TPA 
and/or A23187 were added t o  c e r t a i n  
v i  a l s  and incubat ions  were c o n t i  nued 
f o r  t he  t imes s p e c i f i e d  i n  t h e  Tables. 
Concentrated stock so lu t i ons  o f  TPA 
were contained i n  ethanol ;  A23187 was 
contained i n dimet hy l  s u l  f o x i  de (DMSO). 
Ethanol and DMSU concentrat ions i n  t h e  
c u l t u r e  medium never exceeded 0.125%; 
n e i t h e r  ethanol nor  DMSO a t  concen- 
t r a t i o n s  o f  0.125% o r  l ess  a f f ec ted  
basal ODC a c t i v i t i e s  o r  t h e  magnitude 
o f  PRL s t i m u l a t i o n  o f  ODC a c t i v i t y .  
A f t e r  cu l tu re ,  t h e  t i s s u e s  were 

homogenized i n  50 mM T r i s  b u f f e r  (pH 
7.4), and ODC a c t i v i t y  was determi ned 
us ing  a mod i f i ca t i on  ( 5 )  o f  t h e  methods 
descr ibed by Janne and W i  11 i ams-Ashman 
(6) .  ODC a c t i v i t y  i s  expressed as 
picomoles o f  C02 produced per  30 mi n 
per 10 mg wet t i s s u e  weight. 
S t a t i  s t i c a l  compari sons were made w i t h  
Student ' s  t - t e s t  o r  an ana l ys i s  of 
var iance where appropr iate.  

RESULTS 

Tables I and I 1  show t h e  e f f e c t s  
o f  TPA and A23187 respec t i ve l y  on ODC 
a c t i v i t y .  TPA a t  concentrat ions o f  1 
and 10 pg/ml were equal l y  e f f i c a c i o u s  
i n  s t i m u l a t i n g  ODC a c t i v i t y .  A23187 
was maximally s t imu la to ry  when concen- 
t r a t i  ons between 10 and 50 11 M were 
empl oyed . 

Table I 1 1  shows t h e  t ime-course 
f o r  t he  e f f e c t s  o f  PRL, TPA and TPA 

Table 11. Effect of A23187 on ODC a c t i v i t y *  

A23187 
concent rat ion ODC ac t i v i t y  

(vM/ml ) (pmol s/30 m i  n / l 0  mg t issue) 
0.53 t 0.08 

1 0.94 f 0.19 
10 2.06 f 0.17** 
2 5 2.44 * O.19** 
50 3.08 f 0.72** 

*txplants were incubated f o r  24 hours with 1 v g  m l  
i nsu l i n  plus ~ o - ~ M  cor t iso l .  A23187 was then adied 
t o  certain flasks and incubations continued fo r  6 
hours. Numbers i n  the Table represent the mean f 
SE of  3 observations with t issue derived from 6 
ani ma1 s. 
**Signif icantly greater than control with p < .05. 
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Table 111. Time-course f o r  PRL, TPA, and TPA + A23187 s t imulat ion o f  ODC 
act  i v i  t y *  

Ti  me ODC a c t i v i t y  (pm1/30 min/lO mq t i s s u e )  
(hours) con t ro l  PRL TPA TPA +A23187 

1 3.14k0.77 8.61*0.19** 2.06k0.53 1.36f0.25 
2 6.39f1.97 23.7 *0.61** 8.94f1.80 9.22t2.02 
4 3.19k0.02 40.0 k6.7** 7.06*0.94** 16.5 &ZOO**+ 
6 0.44*0.11 9.81t1.75** 2.61+0.14** 4.97*0.64**+ 
8 0 44AO 08 6.94i1.39** 1.61I0.08** 4.75;0.36**+ 

* txp lants  were incubated f o r  24 h r  w i th  1 P g/ml i nsu l  i n p lus 10'IM c o r t i s o l .  
PRL ( 1  Pg/ml) , 5 ug/ml TPA o r  5 ~ g / m l  TPA + 25 PM A23187 were then added t o  
c e r t a i n  f lasks.  and incubat ions continued f o r  the  times l i s t e d  above. Numbers 
i n  t h e  Table represent the m a n  f SE o f  3 observations w i t h  t i ssue  derived 
from 6 o r  more animals. 
* *S ign i f i can t l y  greater than con t ro l  w i t h  p < .05. 
+S ign i f i can t l y  greater than TPA by i t s e l f  w i t h  p < .05. 

p l u s  A23187 on ODC a c t i v i t y  i n  c u l t u r e d  
mouse mammary t i ssues .  As was repor ted  
e a r l i e r  ( I ) ,  ODC a c t i v i t y  increases 
t r a n s i e n t l y  merely because o f  t h e  
i n i t i a l  change o f  c u l t u r e  medi um. 
Increased ODC a c t i v i t i e s  i n  response t o  
PRL are  apparent a t  a l l  t imes between 1 
and 8  hours ; maxi mum ODC ac t  i v i  t y  was 
noted 4 hours a f t e r  PRL exposure. 
S i g n i f i c a n t  e f f e c t s  o f  TPA on ODC 
a c t i v i t y  were observed a t  4 hours and 
subsequent t imes, bu t  no t  a t  1 o r  2 
hours . 

TPA p l u s  A23187 a l so  ef fected a  
s t i m u l a t i o n  o f  ODC a c t i v i t y  w i t h  a  
t ime-course s i m i l a r  t o  t h a t  e l i c i t e d  
w i t h  TPA by i t s e l f .  The magnitude o f  
response however was about tw i ce  as 
great  when A23187 was added w i t h  TPA 
thus  demonstrat ing a d d i t i v i t y  o f  t h e  
TPA and A23187 responses. For t h e  t ime-  
course of t h e  TPA p l u s  A23187 response, 

maxi ma1 s t  imu la tory  concentrat ions o f  
TPA and A23187 were employed. These 
concent ra t ions  were determined by t h e  
t i t r a t i o n  experiments shown i n  Tables 
I V  and V. TPA concentrat ions above 2.5 
p g/ml were maximal l y  s t imu l  a to ry  (Table 
IV )  and A23187 concentrat ions above 10 

pM maximally po ten t i a ted  t h e  TPA 
response (Table V). Also apparent from 
Table I V  i s  t he  f a c t  t h a t  t h e  TPA and 
PRL e f f e c t s  on ODC a c t i v i t y  were 
nonaddi t i v e ,  i .e. when TPA was added 
w i t h  PRL, ODC a c t i v i t y  was no t  g rea ter  
than t h a t  which occurred when PKL was 
added, by i t s e l f ,  t o  t h e  cu l tu res .  

The data i n  Table V I  shows t h a t  
t h e  TPA p lus  A23187 e f f e c t  on ODC 
a c t i v i t y  i s  a l so  nonaddi t i v e  t o  a  
maximal l y  s t imu la to ry  concent ra t ion  of 
PHL. This was t r u e  when 10, 25 o r  50 
p M  A23187 was present i n  t he  c u l t u r e  
medi um. 

Table I V .  E f fec t  o f  TPA concentrat ion on the  PRL o r  TPA p lus A23187 act ions 
on ODC a c t i v i t y *  

TPA 
concentrat ion ODC a c t i v i t y  (pmo1/30mi n/10 mg t i ssue)  

( ~ g l m l )  tent r o l  Plus PRL Plus A23187 
0 0.61k0.06 9.36*0.78** 

0.1 9.69f 1.81** 1 .42*0.22** 
1.0 8.86f1.11** 2.14f0.14** 
2.5 8.56f1.02** 2.97*0.33**+ 
5.0 10.7 *1.4** 3.25f0.08**+ 

10.0 1.98f 0.14** 7.36k0.67** 3.81t0.21**+ 
*Explants were incubated f o r  24 hours w i t h  1 ~ q l m l  i n s u l i n  p lus  10"M 
c o r t i s o l .  PRL ( 1  pglml ) , 25 pM A23187 and/or  PA were then' added t o  ce r ta in  
f lasks and incubat ions continued f o r  7 hours. Numbers i n  the  Table represent 
the  mean f SE o f  3-6 observations w i th  t i s s u e  derived from 6 o r  more animals. 
**Greater than cont ro l  w i t h  p < -05. 
+Greater than t h e  10 pg/ml TPA value w i th  p < .05. 
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Table V. E f fec t  o f  A23187 concentrat ion on the  PRL o r  TPA p lus A23187 
act ions on ODC a c t i v i t y *  

concentrat i on  ODC a c t i v i t y  (pmols/30 min/lO mg t i ssue)  
(vM) Control Plus PRL Plus TPA 

0 0 
5 11.4 f3.6** 1.44i0.28 

10 9.17*2.10** 3.33k0.55**+ 
2 5 9.0&1.83** 3.33f0.50**+ 
50 6.39f0.67** 3.97f0.28**+ 

*Explants were incubated f o r  24 hours w i t h  1 pg/ml i n s u l i n  p lus 10-/M 
c o r t i s o l .  PRL ( 1  pg/ml ) , 10 pg/ml TPA and/or A23187 were then added t o  
c e r t a i n  f l asks  and incubat ion continued f o r  7 hours. Numbers i n  the  Table 
represent the mean f SE o f  3-6 observations w i th  t i ssue  derived from 6 o r  
more animals. 
**Greater than cont ro l  w i t h  p < .01. 

DISCUSSION 

These s t u d i e s  show t h a t  t h e  
phorbo l  e s t e r  TPA o r  t h e  comb ina t ion  o f  
TPA p l u s  A23187 s t i m u l a t e s  ODC a c t i v i t y  
i n  mammary g l a n d  e x p l a n t s  i n  a manner 
s i m i l a r  t o  t h a t  o f  p r o l a c t i n .  The TPA 
and TPA p l u s  A23187 responses were 
n o n a d d i t i v e  t o  t h a t  o f  PRL, t h u s  
i n d i c a t i n g  t h a t  these  agen ts  a r e  l i k e l y  
f u n c t i o n i n g  v i a  a s i m i l a r  mechanism. 
A l though  t h e  t i m e  o f  onse t  o f  t h e  TPA 
and TPA p l u s  A23187 responses were 
extended ( 4  h r )  f r o m  t h a t  o c c u r i n g  w i t h  
PRL (1 h r ) ,  maximum ODC a c t i v i t i e s  were 
observed a t  t h e  same t i m e  ( 4  h r )  a f t e r  
a d m i n i s t r a t i o n  o f  each o f  these  
s t i m u l a t o r y  agents. The de layed  t i m e  
o f  onset  o f  t h e  TPA and TPA p l u s  A23187 
responses c o u l d  be due t o  t h e  d i f f u s i o n  
t i m e s  r e q u i r e d  f o r  t h e s e  substances t o  

accumulate a t  an e f f e c t i v e  concen- 
t r a t i o n  i n  t h e  PRL-responsive c e l l s .  

I n  e a r l i e r  s t u d i  es we observed 
t h a t  t h e  PRL s t i m u l a t i o n  o f  ODC 
a c t i v i t y  can be reproduced b y  
admi n i s t e r i  ng phosphol i p a s e  C (PLC) t o  
c u l t u r e d  mammary t i s s u e s  (1) .  S ince  
t h e  o n l y  c u r r e n t l y  known s p e c i f i c  
a c t i o n  o f  TPA i s  t o  s t i m u l a t e  p r o t e i n  
k i n a s e  C i n  p l a s m  membranes, and s i n c e  
d i  a c y l  g l y c e r i d e s ,  p r o d u c t s  of phospho- 
l i p a s e  C a c t i o n ,  a r e  a l s o  known t o  
s t i m u l a t e  p r o t e i n  k i n a s e  C (2.3). we 
would conc lude  t h a t  t h e s e  substances 
may be h a v i n g  t h e i r  a c t i o n s  on OUC 
a c t  i v a t  i o n  v i  a a s t i m u l a t i o n  of p r o t e i  n 
k i n a s e  C a c t i v i t y .  Because o f  t h e  
s i m i l a r  a c t i o n s  o f  TPA, PLC and PRL on  
ODC a c t i v a t i o n ,  i t  wou ld  a l s o  seem t h a t  
t h e  e f f e c t  o f  PRL on ODC a c t i v i t y  may 
be c a r r i e d  o u t  v i a  an a c t i v a t i o n  o f  
p r o t e i n  k i n a s e  C. 

Table V I .  Nonaddit iv i ty o f  PRL and TPA p lus A23187 e f f e c t s  on ODC a c t i v i t y *  

ODC a c t i v i t y  (pmol s/30 m i  n/lOmg t i ssue)  
Treatment Experiment 1 Experiment 2 Experiment 3 

Control 1.05k0.38 0.61k0.06 0.94fD.19 
PHL 14.1k 3.3 9.36t0.78 9.47k1.80 
TP A 1.53i0.22 1.08iO. 14 1.63*0.19 
PRL+A23187 10.8f3.6 9.08i 0.83 6.39k0.66 
TPA+A23 187 2.72k0.55 3.81f0.27 3.97f0.27 
TPA+A23187+PRL 9.83&2.83** 8.69i0.8gf* 5.67iO. 44** 

4 

*Explants were incubated f o r  24 hours w i t h  1 py ml i n s u l i n  p lus  10-IM 
c o r t i s o l .  PKL ( 1  uglml ) , 10 ug/ml TPA and/or A2i l87 a t  10 P M  (Experiment 1). 
25 vM (Experiment 2), o r  50 vM (Experiment 3) were then added t o  c e r t a i n  
f lasks and incubations continued f o r  7 hours. Numbers i n  t h e  Table represent 
the  mean f SE o f  3 observations w i th  t i ssue  derived from a t  l eas t  6 animals. 
**Nonaddi t i ve response. 
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Fur the r  suppor t ing  t h e  i dea  t h a t  
t h e  TPA a c t i v a t i o n  o f  ODC a c t i v i t y  i n  
t h e  mammary g land may occur v i a  an 
a c t i v a t i o n  o f  p r o t e i n  k inase  C i s  t h e  
observa t ion  t h a t  t h e  ca l  c i  urn i onophore 
A23187 po ten t i a ted  t he  magnitude o f  t h e  
TPA s t i m u l a t i o n  o f  OUC a c t i v i t y .  
P ro te i n  k inase C i s  known t o  be h i g h l y  
s e n s i t i v e  t o  ca lc ium (2,3), and i t  i s  
reasonable t h a t  t h e  p r o v i s i o n  of 
ca lc ium t o  t a r g e t  c e l l s  by t h e  
adm in i s t r a t i on  o f  a  ca lc ium ionophore, 
would p o t e n t i a t e  t h e  e f f e c t  o f  an 
a c t i v a t o r  on a  calc ium dependent 
enzyme. Regardi ng t h e  PRL a c t i o n  on 
ODC a c t i v i t y ,  i t  was observed t h a t  
A23187 d i d  no t  p o t e n t i a t e  t h e  magnitude 
o f  t h e  PRL-induced response. Th is  
makes sense i f  PRL i s  having i t s  
primary e f f e c t  on mammary c e l l s  by 
a c t i v a t i n g  PLC; t h i s  mechanism i s  known 
t o  be t h e  way by which many r e g u l a t o r y  
agents cause pe r t u rba t i ons  i n  t a r g e t  
c e l l s  (2,3). The d i  acy l  g l yce r i des  
formed from t h e  PLC ac t i ons  are known 
t o  a c t i v a t e  p r o t e i n  k inase C; t h e  
a c t i o n  o f  PLC on polyphosphoinosi t ides 
a1 so re leases i n o s i  t o1  t r i phospha te  
which i s  known t o  inc rease i n t r a c e l l  u- 
1  a r  ca l  c i  um i o n  concent r a t  i ons. 
Maximal a c t  i v a t i  on o f  p r o t e i  n  k i  nase C 
can thus be achieved by r a i s i  ny i n t r a -  
ce l  l u l a r  ca l  c i  urn and p r o v i d i  ng d i  acy l  
g lycer ides .  It i s  a l s o  o f  re levance 
t h a t  we have e a r l i e r  observed t h a t  
many o f  t h e  ac t i ons  o f  PRL i n  t h e  
mammary g land are ca l  c i  um dependent 
( 7 ) .  It i s  o f  f u r t h e r  i n t e r e s t  t h a t  
maxi ma1 responses i n  o the r  b i  01 ogi  ca l  
systems have a1 so been found t o  
r e q u i r e  t h e  s y n e r g i s t i c  a c t i o n  of 
p r o t e i n  k i  nase C a c t i v a t o r s  
( d i  acy l  g lycer ides  o r  TPA) and ca l  c i  um 
ionophores (8-11). 
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