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PHOSPHOLIPASE C ACTIVITY I N  NORMAL RAT MAMMARY TISSUES 
AND IN DMBA- INDUCED RAT MAMMARY T U M O R S ~  
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Employing p h o s p h a t i d y l i  n o s i  t o 1  as t h e  subs t ra te ,  phosphol i p a s e  C 
(PLC) a c t i v i t y  was measured i n  v a r i o u s  c e l  l u l a r  f r a c t i o n s  d e r i v e d  
f rom DMBA-induced r a t  mammary tumors and mammary t i s s u e s  f rom 12-14 
day pregnant r a t s .  I n  t h e  2,0009 p e l l e t ,  10,000g p e l l e t ,  100,000g 
pe l  l e t  and 100,0009 supernatant  f r a c t i o n s ,  PLC a c t i v i t y  was more 
than  5  f o l d  h i g h e r  i n  t h e  f r a c t i o n s  d e r i v e d  f rom t h e  n e o p l a s t i c  
t i s s u e s .  T h i s  was t r u e  whether PLC a c t i v i t y  was expressed on t h e  
b a s i s  o f  p r o t e i  n  con ten t  o r  5 '  n u c l e o t  i dase a c t i v i t i e s  ., 1986 Society 

for Experimental Biology and Medicine 

The a c t i o n s  o f  a  v a r i e t y  o f  m i t o -  
gens on c e l l  d i v i s i o n  a r e  assoc ia ted  
w i t h  p e r t u r b a t i o n s  i n  t h e  metabol ism o f  
t h e  phospho inos i t  i d e s  (1-3).  Evidence 
suggests t h a t  these mi togen ic  agents 
i n c l  ud i  ng c e r t a i  n  oncogene p roduc ts  may 
express t h e i  r p r o l i  f e r a t i  ve a c t i o n s  v i  a  
t h e  s t i m u l a t i o n  o f  a  phospho inos i t i de -  
speci  f i c  phosphol i pase C (PLC) . The 
products  o f  t h e  a c t i o n  o f  PLC on t h e  
phosphoi nos i  t i d e s  i n c l u d e  d i  g l y c e r i d e s  
p l  us i nos i  t o 1  phosphates ; these  substan- 
ces have e f f e c t s  which may t r i g g e r  c e l l  
d i v i s i o n  processes. I n  v iew o f  t h e  
a p p a r e n t l y  p i v o t a l  r o l e  o f  PLC i n  
r e g u l a t i n g  m i toyenes is ,  t h e  a c t i v i t y  o f  
PLC was measured i n  v a r i o u s  c e l l  
f r a c t i o n s  d e r i v e d  f rom normal and 
n e o p l a s t i c  r a t  mamnary t i s s u e s .  PLC 
a c t i v i t i e s  a r e  compared based b o t h  on 
t h e  p r o t e i n  c o n t e n t  and 5 '  n u c l e o t i d a s e  
a c t i v i t i e s  o f  t h e  t i s s u e  f r a c t i o n s .  

MATERIALS AND METHODS 

Female Sprague-Dawl ey r a t s  were 
purchased f rom Har lan  Sprague-Dawley 

1 )  This  p r o j e c t  was p a r t i a l l y  suppor ted 
by NIH g r a n t  number HD 06571 f rom t h e  
Nat iona l  I n s t i t u t e  o f  C h i l d  Hea l th  and 
Human Devel opment . 

Inc.  ( H a s l e t t ,  MI).  The t i s s u e s  used 
i n  these  s t u d i e s  were mammary tumors 
f rom DMBA-injected r a t s  o r  mammary 
glands f rom 2-4 month o l d  mid-pregnant 
(12-14 days) r a t s .  Mammary tumors were 
induced i n  female r a t s  by a  s i n g l e  
i n t r a g a s t r i c  i n f u s i o n  o f  5  mg DMBA (con- 
t a i n e d  i n  1 ml vege tab le  o i l  ) i n t o  
50-52 day-01 d  animal s. Growi ng tumors 
were ob ta ined  and used f o r  experimenta- 
t i o n  9-18 weeks a f t e r  t h e  i n f u s i o n  of 
DMBA. The tumors weighed 200-600 mg a t  
t h e  t i m e  o f  e x c i s i o n .  L-3-phosphat idy l -  
i n o s i t o l  , 1-s tearoy l  -2-[I-14c] a r a c h i  - 
donyl  (58  mCi /mMol ) , was purchased f rom 
Amersham Corp. ( A r l i n g t o n  Hei ghts ,  I L )  . 
Ascorb ic  a c i d ,  5'-adenosi ne 
monophosphate and a r a c h i d o n i c  a c i d  were 
purchased f rom Sigma Chemical Co. (St .  
Loui s, MU). 

Mammary g lands f rom mid-pregnant 
r a t s  and DMBA-induced mammary tumors i n  
r a t s  were removed f rom animals  k i l  l e d  
by c e r v i  c a l  d i  s l  o c a t  i on. The t i s s u e s  
were t h e n  f r o z e n  a t  -80C u n t i l  p ro -  
cessed f o r  t h e  d e t e r m i n a t i o n  o f  enzyme 
a c t  i v i  t ies .  Process ing o f  t i  ssues was 
c a r r i e d  out  i n  accord w i t h  t h e  methods 
o u t l i n e d  by Huggi ns and Carraway (4 ) .  
B r i e f l y ,  t h e  t i s s u e s  were weighed and 
p laced  i n  i c e  c o l d  b u f f e r  (0.25 M 
sucrose - 50 mM TRIS, pH 7.4). The 
t i  ssues were minced w i t h  s c i  ssors , 
d i l u t e d  t o  about 5 ml/yram o f  t i s s u e ,  
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and homogenized w i t h  a  p o l y t r o n  mixer  
( 2  bu rs t s  o f  30 sec each a t  a  power 
s e t t i n g  o f  5). The homogenates were 
then separated by c e n t r i f u g a t i o n  i n t o  a  
2,0009 p e l l e t  f r a c t i o n ,  a  10,000g 
pe l  1  e t  f r a c t i o n ,  a  100,000g pel  1  e t  
f r a c t i o n ,  and a  100,000g supernatant 
f r a c t i o n .  A f t e r  washing w i t h  t h e  
homogenization bu f f e r ,  t he  p e l l e t s  were 
resuspended i n  i ce - co ld  50 mM T r i s ,  pH 
,7.4, and enzyme ac t  i v i  t i es were 
determined a f t e r  appropr ia te  d i  1  u t i o n s  
o f  each o f  t he  c e l l  f r a c t i o n s .  

5 '  -Nucleot i dase a c t  i v i  t y  was 
measured employing t h e  method o f  Ames 
(5 )  f o r  phosphate determi nat ions.  
A l i quo t s  o f  t he  t i s s u e  f r a c t i o n s  were 
incubated f o r  15 min i n  a  1.6 ml volume 
con ta i n i ng  50 mM TRIS (pH 7.4), 6.25 mM 
5' -AMP, 80 mM KC1 and 5  mM MgC12. 
Inorganic phosphate generated du r i ng  
t h e  incubat ion  pe r i od  was then 
determi ned. 

Phosphol i pase C a c t  i v i  t y  was de ter -  
mi ned v i  a  t h e  r a t e  o f  [ 1 4 ~ ] - d i  g l yce r i de  
re lease from ~ - 3 - ~ h o s ~ h a t  i d y l  i nos i  t o 1  , 
1-stearoyl  -2-[I-14c] arachidonyl  ([14c] 
P I ) .  The enzyme reac t i ons  were c a r r i e d  
ou t  f o r  30 and 60 min a t  37C i n  a  t o t a l  
volume o f  0.1 ml con ta i n i ng  50 mM TRIS 
(pH 7.4 a t  37C), 5  mM CaC12, about 
20,000 dpm o f  t he  [14c] PI, and an 
appropr ia te  amount o f  t h e  t i s s u e  f r a c -  
t i  ons conta i  n i  ng t h e  enzyme. Di 1  u t  i ons 
o f  t i s s u e  f r a c t i o n s  were employed such 
t h a t  l ess  than 10% o f  t he  subs t ra te  
([14c] P I )  was used du r i ng  a  60 min 
incubat jon  a t  37C. A f t e r  incubat ion ,  
t h e  l i p i d s  were ex t rac ted  by t he  
methods o f  B l i  gh and Dyer (6 )  w i t h  2M 
KC1 i n  0.5 M phosphate b u f f e r  (pH 7.4) 
present i n  t h e  aqueous phase. The 
l i p i d s  were then separated on 250 m 
s i l i c a  gel G p la tes  us i ng  a  so lven t  

system consi s t i  ng o f  hexane: e t h y l  
e the r :  a c e t i c  ac id:  methanol (90:20: 3: 
2). Areas on t h e  chromatograms 
correspondi ng t o  t h e  d i  g lycer ides ,  
a rach i  doni c  a c i d  and phosphat i d y l  i no- 
s i t 0 1  were removed from t h e  p l a t e s  and 
r a d i o a c t i v i t y  determi ned by 1  i q u i d  
s c i n t i l  l a t i o n  techniques. The a c t i v i t y  
o f  phospholipase C was then expressed 
as t h e  percentage o f  [14c] i n  t h e  
d i g l y c e r i d e  f r a c t i o n  o f  t h e  t o t a l  
i n  t h e  ex t rac t s .  P ro te i n  content  of 
t h e  t i s s u e  f r a c t i o n s  was determined 
us ing  t h e  method o f  Lowry e t  a1 ( 7 ) .  
I n  p re l im ina ry  s tud ies  t h e  v a l i d i t y  o f  
t h e  PLC assay was determined by demon- 
s t r a t i  ng t h a t  product  fo rmat i  on was 
l i n e a r l y  r e l a t e d  t o  t h e  amount of 
enzyme added t o  t h e  reac t i on  mixtures;  
product  format ion was a l so  l i n e a r  w i t h  
t ime f o r  up t o  60 min. 

S t a t i s t i c a l  comparisons were made 
i n  these s tud ies  w i t h  Student 's  t - t e s t .  

RESULTS 

Table 1 shows t h e  5 '  nuc leo t idase  
a c t i v i t i e s  i n  several  t i s s u e  f r a c t i o n s  
der ived  from normal and neop las t i c  r a t  
mammary t i s sues  . The h i  gher speci f i c  
a c t i v i t y  o f  5 '  nuc leo t idase  i n  t he  
100,000g p e l l e t  f r a c t i o n s  i n d i c a t e s  t h e  
prevelance o f  t h e  plasma membranes i n  
t h a t  f r a c t i o n .  The speci f i c  ac t  i v i  t y  
o f  5 '  nuc leo t idase  i n  t h e  100,000g 
pe l  1  e t  and supernatant f r a c t i  on were 
no t  d i f f e r e n t  i n  t h e  normal and neo- 
p l a s t i c  t i s sues .  I n  t h e  2,0009 and 
10,000g f r ac t i ons ,  however, 5' nucleo- 
t i d a s e  a c t i v i t y  was h igher  i n  t h e  f r a c -  
t i o n s  der ived  from t h e  tumor t i ssues ,  
thus  i n d i c a t i n g  a  r e l a t i v e l y  poor 

Table 1. 5' Nucleotidase a c t i v i t y  i n  normal and neoplast ic  r a t  mammary t issues 

5' Nucleotidase a c t i v i t y  (nMol / h r  ./mg p r o t e i n )  
Normal N e o ~ l  a s t i  c 

Tissue f r a c t i o n  Tissue T; ssue 

2,0009 Pel 1 e t  8.15 * 0.59* 15.6 * 1.7 
10,000~ Pel l e t  6.83 f 0.80 29.7 f 4.8 

100,000g Pel 1 e t  62.1 f 12.7 59.5 f 8.1 

100,000y Supernatant 12.5 * 1.5 19.1 * 4.4 

*Numbers represent t h e  mean f SE o f  t issues  derived from 6 animals. 
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Table 2. Phospholipase C a c t i v i t y  i n  normal and n e o p l a s t i c  mammary t i s s u e s  
-- - - 

Fold  h i g h e r  i n  
Phospholipase C A c t i v i t y  n e o p l a s t i c  t i s s u e s  

( %  [14c] P I  converted t o  [14c] DG/30 rnin/mg p r o t e i n )  based on 
T i  ssue Normal Neoplas t ic  P r o t e i n  5 '  Nucleot idase 
F r a c t i o n  T i  ssues T i  ssues Content A c t i v i t y  

2,0009 Pel 1  e t  0.034 f 0.003* 0.370 f 0.054 10.9 5.70 

10,0009 Pel l e t  0.094 f 0.010 2.29 f 0.20 67.3 15.4 

100,000g Pel l e t  0.369 f 0.049 2.42 + 0.49 6.56 6.8 

100,000g Supernatant 0.520 f 0.060 8.89 f 1.22 17.1 11.2 

*Numbers represent  t h e  mean f SE o f  t i s s u e s  der ived  from 6 animals.  

d i s s o c i a t i o n  of t h e  plasma membranes 
from the  homogenates o f  neop las t i c  
t i  ssues. 

Table 2 shows t h e  PLC a c t i v i t i e s  
i n  t he  ex t rac t s  o f  normal and neo- 
p l a s t i c  mammary t i ssues .  PLC a c t i v i  - 
t i e s  i n  a l l  t h e  t i s s u e  f r a c t i o n s  
der ived  from t h e  tumor t i s sues  were 
between 5 and 67 f o l d  h i ghe r  than t h e  
corresponding t i s s u e  f r a c t i o n s  der ived  
from normal mammary t i ssues .  This was 
t h e  case whether t h e  comparisons were 
made on t h e  bas is  o f  p r o t e i n  content  o r  
5 ' nucl  eot  idase a c t i v i t i e s  . Under condi - 
t i o n s  employed f o r  t he  r e s u l t s  shown i n  
Table 3, no f ree  [14c] a rach idon ic  ac i d  
was found i n  t h e  enzyme r e a c t i o n  mix- 
tu res ,  thus  i n d i c a t i n g  a  low a c t i v i t y  
of phosphol i pase A2 and/or d i  g l yce r i de  
l i p a s e  i n  t h e  t i s s u e  ex t rac t s .  

DISCUSSION 

These s tud ies  c l e a r l y  show t h a t  
phospha t i dy l i nos i t o l  phosphodiesterase 
(PLC) a c t i v i t y  i s  e leva ted  several  - f o l  d  
i n  a l l  t i s s u e  f r a c t i o n s  der ived  from 
growi ng mammary tumors compared t o  
mammary t i s sues  der ived  from pregnant 
r a t s .  The t i s sues  from pregnant r a t s  
were chosen as con t ro l  , normal t i s s u e  
f o r  these s tud ies  because they  a re  i n  a  
h i g h l y  d i f f e r e n t i a t e d  s t a t e  and con ta i n  
a  h i gh  percentage o f  e p i t h e l i a l  c e l l s  
(8). Although phospholipase A 2  (PLA2) 
a c t i v i t y ,  employing phosphat idy l  c h o l i  ne 
as a  substrate,  was shown i n  e a r l i e r  
s t ud i  es t o  be e leva ted  several  - f o l d  i n 
DMBA-i nduced r a t  mammary tumors 
compared t o  normal mammary t i ssues ,  no 

PLA2 a c t i v i t y  was de tec tab le  under 
cond i t i ons  used i n  t h e  present  s t ud ies  
when P I  was employed as t h e  substrate.  
This was t he  case w i t h  a l l  t i s s u e  
f r a c t i o n s  d e r i  ved from normal and 
neop las t i c  mammary t i ssues .  It i s  
poss ib l e  t h a t  subs t ra te  s p e c i f i c i t y  f o r  
t h e  phosphol i pase enzymes may expl  a i  n  
these observat ions . 

The f a c t  t h a t  PLC a c t i v i t y  w i t h  P I  
as t h e  subs t ra te  i s  many-fold h i ghe r  i n  
t h e  mammary tumor t i s s u e s  may have a  
d i  r e c t  bear i  ng on t he  neop las t i c  
p rope r t i es  o f  these t i s sues .  One o f  
t h e  most r a p i d  e f f e c t s  o f  mi togenic 
agents, i nc l  ud i  ng c e r t a i n  oncogene 
products, on c u l t u r e d  c e l l  s  i s  t h e  
s t i m u l a t i o n  o f  t h e  tu rnover  o f  phospho- 
i n o s i t i d e s  (1-3,9). The s t i m u l a t i o n  of 
PLC appears t o  be t h e  i n i t i a l  event 
a f f e c t e d  by t h e  mi togens. When ca lc ium 
ions  a re  a v a i l a b l e  a t  mM concentra- 
t i o n s ,  PLC w i l l  c a ta l yze  t h e  breakdown 
o f  P I  as w e l l  as t h e  4-phospho- and 4,5 
d iphospho-der iv i t i ves  o f  P I  ( 3 ) .  The 
products o f  PLC's a c t i o n  on phosphoino- 
s i t  i des a re  t h e r e f o r e  d i  g l y c e r i  des, 
i nosi  t o 1  phosphate, i n o s i t o l  diphos- 
phate and i n o s i t o l  t r i phospha te  ( IP3). 
IP3 has been repor ted  t o  inc rease f r e e  
ca l  c i  um i o n  concent ra t ions  i n  c e l l  s, 
and i t  may be respons ib le  f o r  t h e  
e leva ted  calc ium i o n  concent ra t ions  
observed i n  d i v i d i n g  c e l l  s  (1-3,9-12). 
An e leva ted  PLC a c t i v i t y  may a1 so 
exp la i n  t he  lower t o t a l  ca lc ium content  
o f  neop las t i c  c e l l s  (13 ) ,  s ince  t h e  IP3 
i s  thought  t o  p r i m a r i l y  inc rease i n t r a -  
c e l l  u l  a  r ca l  c i  um i o n  concent r a t i o n s  by 
re l eas ing  ca lc ium from i n t r a c e l  l u l a r  
organel l es ;  i n t r a c e l  1  u l a r  s t o res  o f  
ca lc ium cou ld  thus  be depleted. The 
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d i  g lycer ides  produced i n response t o  
PLC ac t ions  on phosphol ip ids are  known 
t o  a c t i v a t e  p r o t e i n  k inase C. This 
enzyme i s  a1 so ac t i va ted  by t he  tumor- 
promoting phorbol es ters  and t h i s  i s  
t he  on l y  known spec i f i c  s i t e  of a c t i o n  
of these tumor promoters. Although i t  
i s  no t  known s p e c i f i c a l l y  how p r o t e i n  
k i  nase C and calc ium ions  f unc t i on  i n  
t h e  regu la t i on  o f  c e l l  d i v i s i o n ,  many 
observations suggest t h a t  they are 
i nvol ved and PLC i s  thought t o  have a 
profound e f f e c t  on regu la t i ng  them 
through the  products generated v i a  phos- 
p h o l i p i d  degradation. If the  e leva t i on  
o f  PLC a c t i v i t y  i s found t o  be a un iver -  
sal  phenomenon i n  tumor t i ssues ,  i t  may 
represent a pr imary d i f f e rence  between 
normal and neopl a s t i  c ti ssues . 
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