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The r o l e  of p r e d n i s o l o n e  in  the r e g u l a t i o n  of a l k a l i n e  p h o s p h a t a s e  of 

h u m a n  ce l l  c u l t u r e s  i s  i l l  de f ined .  S e v e r a l  p o s s i b i l i t i e s  e x i s t  i n c l u d i n g :  

i n d u c t i o n  (Cox and MacLeod ,  1961, 1962), r e p r e s s i o n  ( E r w i n  and Whi tehead ,  

1964), a l t e r e d  p r o t e i n  c o n f o r m a t i o n  ( G r i f f i n  and Cox, 1966), and e f f ec t s  on 

ce l l  m e m b r a n e s  (Me lnykovych ,  1966). The type of r e s p o n s e  o b s e r v e d  is  

l a r g e l y  d e p e n d e n t  on ce l l  type,  m o r p h o l o g y ,  and n u t r i t i o n a l  f a c t o r s  (Cox and 

M a c L e o d ,  1964). In  an  e f f o r t  to r e s o l v e  the ro l e  of p r e d n i s o l o n e  we have  

c o m p a r e d  i t s  e f f ec t s  on H E p - 2  ce l l s  in  s t o p p e r e d - c u l t u r e  and p e r f u s e d -  

c u l t u r e  s y s t e m s .  The l a t t e r  s y s t e m  a f f o r d e d  c o n t r o l  of n u t r i t i o n a l  f a c t o r s  

and  e n a b l e d  us to a s s e s s  e f f ec t s  of c o n t a c t  p h e n o m e n a  on the r e g u l a t i o n  of 

th i s  e n z y m e  by c o m p a r i n g  i t s  a c t i v i t y  in  p r e -  and p o s t - c o n f l u e n t  ce l l  p o p u l a -  

t i o n s .  As  a r e s u l t  of these  s t u d i e s  we w i s h  to r e p o r t  tha t  p r e d n i s o l o n e  has  no 

e f f e c t  on a l k a l i n e  p h o s p h a t a s e  a c t i v i t y  p e r  se bu t  m e r e l y  i n h i b i t s  p r o l i f e r a t i o n  

and  i n c r e a s e s  the p r o t e i n  c o n t e n t  of H E p - 2  c e l l s .  In c o n t r a s t ,  u n d e r  p e r f u -  

s i gn  c o n d i t i o n s  a l k a l i n e  p h o s p h a t a s e  a c t i v i t y  i s  r e g u l a t e d  by i n h e r e n t  c o n t r o l  

m e c h a n i s m s  of the ce l l  wh ich  a r e  s e n s i t i v e  to c o n t a c t  p h e n o m e n a  and p o p u l a -  

t ion  d e n s i t y  c h a n g e s .  An  a n a l o g y  to th is  type of c o n t r o l  o b s e r v e d  in  p e r f u s e d  
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c u l t u r e  i s  m a d e  wi th  tha t  o b s e r v e d  d u r i n g  in  v ivo  p r o c e s s e s  of wound  h e a l i n g ,  

m a l i g n a n t  growth,  and  i n v a s i o n  of c e l l s  in to  s u b c u t a n e o u s  sponge  i m p l a n t s  

( F e l l  and Dan i e l l i ,  1943; B i e s e l e  and B i e s e l e ,  1944; W o e s s n e r  and Boucek ,  

1961). 

M A T E R I A L S  AND METHODS 

H u m a n  c a r c i n o m a  (HEp-Z)  c e l l s  w e r e  o b t a i n e d  f r o m  the A m e r i c a n  Type  

C u l t u r e  Co l l e c t i on ,  Rockv i l l e ,  Md . ,  and g r o w n  in  M e d i u m  7a (cf. K r u s e ,  

Schoo l a r ,  and Whi te ,  1960) p lus  10% whole  ca l f  s e r u m .  The p e r f u s i o n  t e c h -  

n ique  e m p l o y e d  was  d e s c r i b e d  p r e v i o u s l y  ( K r u s e  and  M i e d e m a ,  1965). P e r i o d i c  

e x a m i n a t i o n s  of s t ock  c u l t u r e s  for  b a c t e r i a  and m y c o p l a s m a  w e r e  n e g a t i v e .  

A l k a l i n e  p h o s p h a t a s e  a c t i v i t y  of h y p o t o n i c a l l y - t r e a t e d  c e l l s  w a s  m e a s u r e d  

c o l o r i m e t r i c a l l y  (Me lnykovych ,  1962) by  the r e l e a s e  of p - N O r - p h e n o l  in  g l y c i n e  

b u f f e r  (0. lZ M) pH 9 . 8  c o n t a i n i n g  m a g n e s i u m  ions  (1 raM) and  a t  25 ° C. E n z y m e  

and s u b s t r a t e  b l a n k s  w e r e  r u n  s i m u l t a n e o u s l y .  A c t i v i t y  is  e x p r e s s e d  as  u n i t s  

(one u n i t  e q u a l s  0. 001 ~ O .D .  p e r  hour )  p e r  106 c e l l s  o r  p e r  m g  c e l l  p r o t e i n .  

I n i t i a l  ( z e r o  hour )  s p e c i f i c  a c t i v i t y  of HEp-Z  c e l l s  for  a l l  p e r f u s i o n  e x p e r i m e n t s  

was  4363 + 1361 u n i t s  p e r  106 c e l l s .  P r o t e i n  w a s  m e a s u r e d  by a m o d i f i e d  

L o w r y  p r o c e d u r e  ( O y a m a  and Eag le ,  1956) and e x p r e s s e d  as  bov ine  s e r u m  

a l b u m i n  e q u i v a l e n t s .  P r e d n i s o l o n e  (U. S. P .  ) w a s  o b t a i n e d  f r o m  C a l b i o c h e m .  

R E S U L T S  AND DISCUSSION 

The e f f ec t s  of p r e d n i s o l o n e  on s t o p p e r e d  c u l t u r e s  of H Ep- Z  c e l l s  fo r  

48 h o u r s  a r e  s u m m a r i z e d  in  Tab l e  I. A l i n e a r  log dose  i n h i b i t i o n  of p r o l i f e r a t i o n  

o c c u r r e d  (26-60%), the p r o t e i n  c o n t e n t  of the c e l l s  i n c r e a s e d  (110-130%),  

and  so did the a l k a l i n e  p h o s p h a t a s e  a c t i v i t y  (60-210%).  T h e s e  p r e l i m i n a r y  

da ta  i m p l y  that  p r e d n i s o l o n e  had i n d u c e d  a l k a l i n e  p h o s p h a t a s e  a c t i v i t y .  How-  

e v e r ,  b e c a u s e  of l i m i t a t i o n s  in the m o d e  of c u l t u r e ,  i t  w a s  n o t  p o s s i b l e  to 
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T A B L E  I 

E f f e c t  of P r e d n i s o l o n e  on S t o p p e r e d  C u l t u r e s  of H E p - 2  C e l l s  

Conc.  of P r o l i f e r a t i o n  
P r e d n i s o l o n e  I n h i b i t i o n  a 

( l~g/ml) (%) 

P r o t e i n  C o n t e n t  b 
(~g /106  ce l l s )  

Uni t  s 
A l k a l i n e  P h o s p h a t a s e  

A c t i v i t y  c 

106 c e l l s  mg  p r o t e i n  

0.00 0 210 1113 2547 

0.25 26 440 1775 5785 

2.50 46 468 3438 8698 

25.00 60 480 2658 6142 

a H e m o c y t o m e t e r  coun t s  of t r i p l i c a t e  c u l t u r e s  at  e a c h  c o n c e n t r a t i o n  of 
p r e d n i s o l o n e .  

b E x p r e s s e d  as  b o v i n e  s e r u m  a l b u m i n  e q u i v a l e n t s .  C o n t e n t  of c o n t r o l  c e l l s  
a t  0 h r  was  185 ~g /106  c e l l s .  

C M e a s u r e d  as  the r e l e a s e  of p - N O 2 - p h e n o l  a t  420 m ~ i n  g l y c i n e  bu f fe r  
( 0 . 12  M) pH 9 . 8 .  A c t i v i t y  a t  0 h r  was  1907 u n i t s / 1 0  c e l l s  and 4728 
u n i t s / r a g  p r o t e i n ;  1 u n i t  i s  equa l  to 0. 001 A O. D . / h r .  

r u l e  out  a l t e r n a t e  p o s s i b i l i t i e s  for  the i n c r e a s e  in  e n z y m e  a c t i v i t y  which  

i n c l u d e :  (a} the e f f ec t  of u sed  m e d i u m  and l o s s  of c y s t i n e  f r o m  f r e s h  m e d i u m  

(Cox and M a c L e o d ,  1964); (b} p o p u l a t i o n  d e n s i t y  e f fec t s  (Krooth ,  1964; 

D e M a r s ,  1964; Cox and M a c L e o d ,  1962), and  (c) pha se  of ce l l  g rowth  {Eker ,  

1965). F u r t h e r  s t u d i e s  on s t o p p e r e d  c u l t u r e s  w e r e  t h e r e f o r e  a b a n d o n e d  in  

f avo r  o f p e r f u s e d  c u l t u r e s  {Kruse  and M i e d e m a ,  1965} w h i c h  c i r c u m v e n t e d  

m o s t  of the l i m i t a t i o n s  i n h e r e n t  in  the f o r m e r  m e t h o d .  

H e r e  pH was  c o n t r o l l e d ,  n u t r i e n t  l e v e l s  w e r e  held  e s s e n t i a l l y  cons t an t ,  

and a c c u m u l a t i o n  of m e t a b o l i c  p r o d u c t s  p r e v e n t e d .  The c o n c e n t r a t i o n s  of 

a n y  added,  or  e n d o g e n o u s ,  a c t i v a t o r s  or  r e p r e s s o r s  w e r e  a l s o  m a i n t a i n e d  at  
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a c o n s t a n t  l e v e l .  F u r t h e r ,  the e n z y m e  a c t i v i t y  in  e a c h  e x p e r i m e n t  could  be 

a s s e s s e d  in  a " c e l l "  c u l t u r e  phase ,  a " t i s s u e "  c u l t u r e  p h a s e ,  and  in  ce l l  popu -  

l a t i o n s  p r o l i f e r a t i n g  a t  w i d e l y  d i f f e r i n g  r a t e s .  F ig .  l d e p i c t s  the r e s u l t s  of 

two s u c h  c o n t r o l  e x p e r i m e n t s .  In  bo th  c a s e s ,  a f t e r  a b r i e f  1 to Z - d a y  lag,  
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Fig. I. - Alkaline phospha- 

tase activity of HEp-Z cells 

cultured under perfusion con- 
dit[ons and its variation with 
population density. For method 
of d e t e r m i n i n g  e n z y m e  a c t i v i t y  
see  M e t h o d s  s e c t i o n .  A r r o w s  
deno te  c o n f l u e n c y  in  c u l t u r i n g  
v e s s e l s .  

e n z y m e  a c t i v i t y  i n c r e a s e d  (Z- to 5- fo ld)  d u r i n g  p r o l i f e r a t i o n  in  the " c e l l "  

c u l t u r e  p h a s e  of the e x p e r i m e n t s  ( p r i o r  to c o n f l u e n c y  of the c u l t u r i n g  v e s s e l  

f r o m  days  0 to 3). S u b s e q u e n t l y  in  the " t i s s u e "  c u l t u r e  p h a s e  of t he se  e x p e r i -  

m e n t s  ( a f t e r  c o n f l u e n c y  and d u r i n g  f o r m a t i o n  of m u l t i l a y e r s  f r o m  days  4 to 6), 

the e n z y m e  a c t i v i t y  d e c l i n e d  a g a i n  to n e a r l y  day  0 l e v e l s .  Ce l l  p r o t e i n  c o n -  

t en t  was  e s s e n t i a l l y  c o n s t a n t  u n d e r  t hese  c o n d i t i o n s  as  r e p o r t e d  p r e v i o u s l y  

( M i e d e m a  and K r u s e ,  1965) and e n z y m e  a c t i v i t y  p e r  m g  of p r o t e i n  fo l lowed  

the s a m e  p a t t e r n  as  tha t  on a p e r  ce l l  b a s i s .  

S u p p l e m e n t i n g  the m e d i u m  wi th  p r e d n i s o l o n e  (Z5 }*g/ml) r e d u c e d  ce l l  

p r o l i f e r a t i o n  abou t  50% d u r i n g  a 6 - d a y  e x p e r i m e n t  ( F i g .  2). N e v e r t h e l e s s ,  

a l k a l i n e  p h o s p h a t a s e  a c t i v i t y  i n c r e a s e d  to the  s a m e  d e g r e e  ( Z . 3 - f o l d )  a s  c o n t r o l  

c u l t u r e s  d u r i n g  the " c e l l "  c u l t u r e  p h a s e  of the e x p e r i m e n t  (on a p e r  c e l l  b a s i s )  
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Fig. Z. - Effect of predniso- 
lone (25 ~g/ml) on alkaline 
phosphatase activity and pro- 
tein content of HEp-2 cells. 
Protein content is expressed 
as microgram equivalents of 
bovine serum albumin per 
i, 000, 000 cells. Arrows 
denote confluency in culturing 
vessels. 

and remained high in the "tissue" culture phase. Protein content of cells 

treated with prednisolone exhibited a pattern similar to the enzyme activity 

(per cell) in the "cell" culture phase. Enzyme activity (per mg protein), 

however, remained constant during the "cell" culture phase while the protein 

content (per cell) increased but then enzyme activity rose sharply in the 

"tissue" culture phase when the protein content of the cells declined. It 

appeared that prednisolone had prevented the decline of enzyme activity in 

the "tissue" culture phase of the experiment. However, since proliferation 

was also inhibited about 50%, another experiment was conducted for 17 days 

(Fig. 3). In this experiment the alkaline phosphatase activity declined after 

day 10. This suggested that the decline in enzyme activity in the "tissue" 

phase was delayed in a manner consistent with inhibition of proliferation. 

Thus, results from prednisolone-treated cultures substantiated control 

experiments, indicating variations in alkaline phosphatase activity were 
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Fig. 3. - Effect of pro- 
longed exposure of HEp-Z 
cells to prednisolone (Z5 ~g/ 
ml) on alkaline phosphatase 
activity and proliferation. 
Arrows denote confluency in 
culturing ves sels. 

r e l a t e d  to the p h y s i o l o g i c a l  d i s p o s i t i o n  of  the c e l l s ,  i . e . ,  w h e t h e r  t h e y  w e r e  

i n  "cell" or  "tissue" c u l t u r e  d e n s i t i e s .  

The use of perfusion cultures in lieu of stoppered cultures revealed an 

interesting facet concerning cellular regulation of enzyme activity. The 

growth of "cell" cultures into "tissue" cultures represents an in vitro model 

of hyperplasia. The variation in alkaline phosphatase activity observed here 

is very similar to changes occurring during the invasion of subcutaneous 

sponge implants by connective tissue cells (Woessner and Boucek, 1961). 

Woessner and Boucek have interpreted their observations as reflecting a 

correlation of enzyme activity to proliferation. A more plausible relationship, 

however, exists between high alkaline phosphatase activity and motility of 

cel]~s in "cell" culture and between cessation of motility in "tissue" culture 

with a decline in enzyme activity despite continued proliferation. The signi- 

ficance of this observation to the problem of invasiveness by malignant cells 
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i s  s u g g e s t e d  f r o m  h i s t o c h e m i c a l  s t u d i e s  on s k i n  c a r c i n o m a s  ( B i e s e l e  and 

B i e s e l e ,  1944) and f r o m  the c o r r e l a t i o n  b e t w e e n  a l k a l i n e  p h o s p h a t a s e  a c t i v i t y  

of L c e l l s  and t h e i r  t e n d e n c y  to f o r m  n o d u l e s  in  v ivo  (Keefe,  M e r c h a n t ,  and 

Ke l s ey ,  1965). The i n a b i l i t y  of p r e d n i s o l o n e  to i nduce  a l k a l i n e  p h o s p h a t a s e  

a c t i v i t y  in  p e r f u s e d  c u l t u r e s  m a y  r e f l e c t  a p r o l o n g e d  t u r n o v e r  r a t e  of the 

e n z y m e  ( B e r l i n  and Sch imke ,  1965} or  r e p r e s s i o n  of i t s  g e n o m e  in  c e l l s  

u n d e r g o i n g  d i v i s i o n  (Seidmafi ,  T e e b o r ,  and  B e c k e r ,  1966}. The d e l a y  in  the 

d e c l i n e  of a l k a l i n e  p h o s p h a t a s e  c a u s e d  by  p r e d n i s o l o n e  is  thought  to r e f l e c t  a 

s t a b i l i z a t i o n  of the e n z y m e  ( G r i f f i n  and Cox, 1966) or  the ce l l  m e m b r a n e  

(Me lnykovych ,  1966) wi th  wh ich  i t  i s  a s s o c i a t e d .  The a n o m a l o u s  e f f ec t  of 

p r e d n i s o l o n e  on the e n z y m e  in  s t o p p e r e d  c u l t u r e s  is  p r e s u m a b l y  an a r t i f a c t  

and m e r e l y  r e f l e c t s  the i n a d e q u a c y  of the s y s t e m  for  such  s t u d i e s .  
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