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Prote ins  with try'vsin-like irnmunoreactivity (first detected by a specific immunoenzymat ic  assay) were isolated fr,~m C A P A N -  I ano C F P A C -  ! cell 
cul ture-condi t ioned media  by ch roma tog raphy  on an i m m u n o a d s o r b e m  prepareo with a polyclonal ant ibody directed against trypsin I. The 
ad~ >r~e~ proteins  were devoid  o f  free trypsin activity but trypsin activity was present  af ter  enterokinas¢ activation den~onslrating that  the 
imr,;~noreactive trypsin present  in cell superna tan t s  co r re sponds  to  trypsinogens.  When  character ised by Western blot t ing using a monoclonal  
an t ibody  directed against  h u m a n  trypsin I two prote in  bands  cor responding  to t rypsinogen I (23 kDa)  and  t rypsinogen 2 (25 kDa)  gave a positive 
reaction.  These results demons t ra t e  the presence o f  t rypsinogens ! and 2 in C A P A N - I  and  C F P A C - I  cells and  in their cul ture-condit ioned media. 

Adenoca rc inoma  cell line; Pancre~';c;  T~-y[-sinagen 

1. I N T R O D U C T I O N  

A n e w  p a n c r e a t i c  a d e n o c a r c i n o m a  c e i l  l i n e  ( C F P A C -  
1) w a s  r e c e n t l y  e s t a b l i s h e d  f r o m  a p a t i e n t  w i t h  c y s t i c  
f i b r o s i s  ( C F )  [1].  T h e s e  c e l l s  e x p r e s s  t h e  C F  g e n e  a n d  
m a n i f e s t  t h e  m o s t  c o m m o n  C F  m u t a t i o n / d e l e t i o n  o f  
t h r e e  n u c l e o t i d e s  r e s u l t i n g  i n  a P h e  s°8 d e l e t i o n  ( z l F  5 0 8 )  
[2].  A s  i n  o t h e r  C F  s e c r e t o r y  e p i t h e l i a l  c e i l s ,  t h e s e  c e l l s  
a r e  d e f e c t i v e  i n  c A M P - m e d i a t e d  a c t i v a t i o n  o f  a p i c a l  
m e m b r a n e  c h a n n e l s ,  m a k i n g  t h i s  c e l l  l i n e  u s e f u l  in  t h e  
f u r t h e r  b i o c E e m i c a l  i n v e s t i g a t i o n  o f  t h e  C F  d e f e c t .  
S i n c e  a l t e r a t i o n  i n  p r o t e i n  s e c r e t i o n  h a s  a l s o  b e e n  d e -  
s c r i b e d  i n  C F  e p i t h e l i a l  c e l l s  [3] ,  w e  l o o k e d  f o r  p r o t e i n  
n l a r k e r s  s e c r e t e d  b y  C F P A C - I  c e l l s  p r e l i m i n a r y  t o  a n  
i n v e s t i g a t i o n  o f  p r o t e i n  s e c r e t i o n  d y s r e g u l a t i o n  i n  C F .  
R e c e n t  s t u d i e s  h a v e  s h o w n  t h a t  a n o t h e r  e s t a b l i s h e d  
h u m a n  p a n c r e a t i c  c a r c i n o m a  c e l l  l i n e ,  C A P A N - I ,  c o n -  
t a i n e d  a p e p t i d e  s i m i l a r  o r  i d e n t i c a l  t o  p a n c r e a t i c  s e -  
c r e t o r y  i n h i b i t o r  [4]. B e c a u s e  p r o t e a s e s  a n d  t h e i r  i n -  
h i b i t o r s  u s u a l l y  o c c u r  t o g e t h e r ,  w e  l o o k e d  f o r  t h e  p r e s -  
e n c e  o f  t r y p s i n - l i k e  p r o t e i n s  i n  c e l l  c u l t u r e  s u p e r n a t a n t s  
o f  C A P A N - !  a n d  C F P A C = I .  O u r  r e s u l t s ,  r e p o r t e d  i n  
t h i s  p a p e r ,  d e m o n s t r a t e  t h a t  C A P A N - 1  a n d  C F P A C - I ,  
b u t  n o t  o t h e r  t e s t e d  p a n c r e a t i c  c e l l  l i n e s ,  s e c r e t e  t h e  t w o  
h u m a n  p a n c r e a t i c  t r y p s i n o g e n s .  
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2. M A T E R I A L S  A N D  M E T H O D S  

"2. i. Cell cultures 

2.1.1. C A P A N - I  and C F P A C - t  
The C F P A C - I  pancreat ic  adenocarc inoma cell line (passage 26) 

f rom a patient  with cystic fibrosis (CF) was cultivated under  Schou- 
rnacher 's  condi t ions  with s - ~ e  modifications. Cells were grown on 
type I col lagen-coated flasks (Falcon) in I M D M  (l.,~ove's modified 
Dulbecco ' s  medium,  Sigma) st, pplemented  with 5% decomplememed 
fetal bovine serum (Eurobio)  in the presence o f  100 U/ml penicillin and 
1O0 rag/rot s t reptomycin  (Eurobio)  and mainta ined at 37°C in a 5% 
CO:,/95% air  a tmosphere .  Medium superna tan ts  were removed every 
two days,  collected and  s tored at  - 2 0 ° C  ut~til use. Cells were usea~|y 
passaged every 8 days  at 1:6 dilution by exposure to 0.05% trypsin in 
a 0.03% E D T A  buffer  at  37°C for 3 rain. The  human  pancreet ic  
adenocarc inoma cell line CAPAI'4-1 (passage 74) was cultivated as 
CFPAC=I with the exception that  the medium used was R P M i  1640 
(Sign,.a) instead o f  I M D M .  Media  supernatants  were collected as 
described above and  s tored at  - 2 0 ° C .  

2. 1.2. Other  pancreat ic  adenocarc inoma cell lines 
P A N C - I .  obta ined f rom the American Type Cul ture  Collection 

(ATCC,  Rockville, MD,  USA)  was cultured in Dulbecco 's  M E M  with 
109b fetal bovine serum (F~S)  at passage 72. CAPAN-2 ,  obtained 
f rom the ATCC,  was cul tured in McCoy ' s  5A media with 10% FBS 
at p u r g e  36. ASPC- I ,  obta ined from the ATCC,  was cultured in 
R P M i  medium with 1095, FBS at  indeterminate  passage, and C D  1 !, 
kindly provided by Dr.  Richard  Metzgar  o f  Duke  Universi ty [5], was 
cul tured in M E M  with 10~ FBS at  indeterm~rate passage. Medium 
superna tan t s  were collected for  two days  and  stored at - 2 0 ° C  before 
assays. 

2.2. DIqA analysis o f  the C ,4 P A N cell line with respect to lhe major C F  
nlutugio¢l 

The  genotype o f  C A P A N  cell line with respect to the major  C F  
muta t ion ,  (i.e. the  Phe ~e deletion), was analysed by the heteroduplex 
me thod  [6]. PCR-ampli f ied D N A  fragments  spanning  the zIF 508 
posi t ion were generated using specific flanking primers ( C F - 1 6  B and 
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16 D)  as  d e s c r i b e d  by  R i o r d a n  et al.  {2]. N o  h c t e r o d u p l e x ,  w h i c h  t y p e s  
h e t e r o z y g o s y  fo r  t he  m u t a t i o n ,  w a s  o b s e r v e d  u p o n  gel e l e c t r o p h o r e s t s .  
M i x i n g  t he  amp l i f i ed  C A P A N  f r a g m e n t s  wi th  a c o r r e s p o n d i n g  n o r m a l  
D N A  f r a g m e n t  a l so  d id  no t  r e su l t  it, h e t e r o d u p l c x  f o r m a t i o n ,  t h u s  
e x c l u d i n g  a h o m o z y g o u s  s t a t e  fo r  the  LIF 50~; m u t a t i o n .  F r o m  t h e s e  
d a t a  we c o n c l u d e  tha t  t h e  :IF 508 m u t a t i o n  is a b s e n t  for  b o t h  C F T T  
alleles o f  t he  C A P A N - I  c¢11 line.  

2.3 Proteinx and antibodies 
H u m a n  t r y p s i n o g e n s  I a n d  2 were  pa r t i a l ly  pur i f ied  b y  chr ' .~mato-  

g r a p h y  o f  h u m a n  p a n c r e a t i c  j u i ce  o n  D E A E - T r i s a c r y l  M at  p t t  8.0 in 
t h e  p r e s e n c e  o f  I m M  b e n z a m i d i n e  a n d  l i m a  b e a n  t r yps l n  i n h i b i t o r  (5% 
o f  p r o t e i n  wt . )  a s  p r e v i o u s l y  d e s c r i b e d  [7 I. T r y p s i n  ! w a s  p r e p a r e d  by  
a u t o a e t i v a t i o n  o f  pa r t i a l l y  pur i f i ed  t r y p s i n o g e n  I a t  p H  7.8 in t h e  
p r e s e n c e  o f  20 m M  c a l c i u m ,  a n d  p u r i f i c a t i o n  b y  a f f in i ty  c h r o m a t o -  
g r a p h y  o n  S e p h a r o s e  c o u p l e d  w i t h  a p r o t i n i n  ( B a y e r  A G )  a s  p r e v i o u s l y  
d e s c r i b e d  |8].  D F P - t r y p s i n  I w a s  o b t a i n e d  by  i n c u b a t i o n  o f  pur i f i ed  
t ryps in  I w i th  10 m M  d i i s o p r o p y l f l u r o p h o s p h a t e  ( I~F P )  10~-times 
m o l a r  exCess) a t  p H  7.8 a n d  4 ° C  for  24 h.  R a b b i t  pe l> , : lona l  a n t i b o d i e s  
d i r ec t ed  a g a i n s t  t r y p s i n  I were  p r e p a r e d  by  in j ec t ion  o f  pur i f i ed  
t r yps in  1. T h e y  r e c o g n i z e d  b o t h  t ryps i ,~ogens  I a n d  2 a n d  t he i r  c o r r e -  
s p o n d i n g  t r y p s i n s  ( d a t a  n o t  s h o w n )  excep t  in t he  i m m u n o a s s a y  w h e r e  
o n l y  t r y p s i n ( o g e n )  ! w a s  m e a s u r e d .  M o n o c l o n a l  a n t i b o d i e s  d i r e c t e d  
a g a i n s t  t ryps in  1 were  p r e p a r e d  by  i m m u n i s a t i o n  o f  OF~ m i c e  w i t h  
D F P - t r y p s i n  I a n d  h y b r i d i z a t i o n  o f  sp l een  cells  w i th  m y e l o m a  cells  in 
t he  c o n d i t i o n s  d e s c r i b e d  e l s e w h e r e  [9]- C l o n e  136, w h i c h  r e c o g n i z e s  t he  
t w o  t r y p s i n o g e n s  a n d  the i r  c o r r e s p o n d i n g  t r y p s i n s ,  w a s  used .  

2.4. imenunoenzymatit" assays o f  pancreatic encym¢,s 
H u m a n  t r y p s i n l o g e n )  I w a s  m e a s u r e d  by  a n o n - c o m p e t i t i v e  

"sandwich"  e n z y m e  i m m u  n o a s s a y  as  d e s c r i b e d  in de ta i l  e l s e w h e r e  [ I 0]. 
T h i s  i m m u n o a s s a y  d o e s  n o t  r ecogn ize  h u m a n  t r y p s i n o g e n  2 o r  t r y p s i n  
f r o m  o t h e r  species .  T h e  prese 'aCe o f  c h y m o t r y p s i n o g e n  a n d  l ipase  in 
c u l t u r e  s u p e r n a t a n t s  w a s  a s s a y e d  by  speci f ic  n o n - c o m p e t i t i v e  e n z y m e  
i m m n n o a s s a y s  [ I I ,  12]. 

2,5. Gel filtration experiments 
T h e  m o l e c u l a r  size d i s t r ibu t i~ ,n  o f  i m m u n o r e a c t i v e  t r y p s i n  ( I R T )  

p r e s e n t  in c u l t u r e  s u p e r n a t a n t  w a s  d e t e r m i n e d  by  a S e p h a d e x  G I 0 0  
S F  f i l t ra t ion  in a 50 m M  T r i s - H C I  b u f f e r  c o n t a i n i n g  200  m M  NaC1  
a t  p H  7.6 ~nd  4°C.  T h e  l o a d e d  s a m p l e  w a s  2 ml  a n d  t h e  co l l ec t ed  
f r a c t i o n s  were  ! m l  w i t h  a n  e l u t i on  ra te  o f  3 m l / h .  I R T  w a s  m e a s u r e d  
in e a c h  frg c t ion.  C o l u m n  c a l i b r a t i o n  w a s  m a d e  witil t h e  f o l l owing  
re fe rence  p : o t e i n s :  c y t o c h r o m e  c ( M ,  12 5001 f r o m  F l u k a ;  c h y m o t r y p -  
s i n o g e n  A 2 5  0001, o v a l b u m i n  (,15 000)  a n d  b o v i n e  s e r u m  a l b u m i n  
166 000)  f r c m  P h a r m a c i a  F i n e  C h e m i c a l s .  

2.6. Immur.oudsorbent chromatography 
I m m u n c  g~obul in  4:/ ( l g G )  w a s  pur i f i ed  by  p r e c i p i t a t i o n  o f  r abb i t  

i m m u n s e r u t ~ t  a n t i - t r y p s i n  I w i th  capry l i c  ac id  a c c o r d i n g  to  t he  t ech-  
n i q u e  o f  S t e i n b u c h  a n d  A u d r a n  [13 i. l e g  w a s  f ixed t o  a c t i v a t e d  
S e p h a r o s e  (41 m g  o f  l e g  p e r  2 g o f  gel)  f o l l o w i n g  t h e  m e t h o d  o f  
C u a t r e o a s a s  [14]. I ~ f o r e  c h r o m a t o g r a p h y ,  400  ml  o f  c u l t u r e d  m e d i a  
were  d i a lyzed  o v e r n i g h t  a g a i n s t  0 .05% N H , H C O 3  a n d  c o n c e n t r a t e d  
b y  l y o p h i l i s a t i o n .  L y o p h i l i z e d  c u l t u r e  m e d i a  d i s s o l v e d  in w a t e r  (15 rnl 
o f C F P A C -  ! a n d  17 ml  fo r  C A P A N -  ! ) were  l o a d e d  or, t h e  i m m u n o a d -  
s o r b e n t  c o l u m n  e q u i l i b r a t e d  in a 25 m M  p h o s p h a t e  bu f f e r ,  p H  7.0, 
c o n t a i n i n g  I M N a C I .  A d s o r b e d  p r o t e i n s  we re  e l u t e d  by  a 0 .2  M 
g l y c i n e - H C I  b u f f e r  a t  DH 2.5. T h e  e l u t i o n  o f  i m m u n o r e a c t i v e  t r y p s i n  
w a s  fo l lowed  b y  e n z y m e  i m m u n o a s s a y .  

2.7 .  Western blotting 
C h r o m a t o g r a p h i c  f r a c t i o n s  w e r e  c o n c e n t r a t e d  b y  T C A  prec ip i t a -  

t ion  fo r  e iou t ropho re s i s .  S D S - p o l y a c r y l a r n i d e  gel  e l e c t r o p h o r e s i s  
f S D S - P A G E )  w a s  I m r f o r m e d  a~x:o~ d i n g  to  L a e m m l i  [I $1 in v o n - r e d n c -  
i n s  c o n d i t i o n s ,  in  a 7 . 5 - i  5 ~ ,  a c r y l a m i d e  c o n c e n t r a t i o n - g r a d i e n t  s l a b  
gel.  A f t e r  t r a n s f e r  o f  p r o t e i n s  to  n i t r o c e l l u l o s e  a s  d e s e r i b ~ !  by  B u r -  
n e t t e  [16]. i m m o b i l i z e d  p r o t e i n s  were  c h a r a c t e r i z e d  by  i m m u n o d e t e c -  
t i on  u s i n g  m o n o c l o n a l  a n t i b o d y  p r e p a r e d  a g a i n s t  t r y p s i n  I. T h e  m o n -  
o ¢ l o n a l  a n t i b o d y ,  w h i c h  rt~:ognLr~-s b v t h  h u m a n  t r y p s i n o g e n s ,  w a s  

d i l u t e d  {1:5901 i,~ p h o s p h a t e  b u f f e r e d  sa l ine ,  p H  8.0,  c o n t a i n i n g  10% 
n e w ~ b o r n  c a l f  s e r u m  a n d  0~2% T r i t o n  X I 0 0 .  T h e  i m m u n e  c o m p l e x e s  
were  d e t e c t e d  by  a c o l o r  r e a c t i o n  u s i n g  a s e c o n d  a n t i b o d y  c o n j u g a t e d  
to  h o r s e r a d i s h  p e r o x i d a s e  a n d  s t a i n i n g  w i th  d i a m i n o b e o z i d i n e  in t h e  
p r e s e n c e  o f  h y d r o g e n  p e r o x i d e ,  a s  d e s c r i b e d  by  C o u d r i c r  c t a l .  [17]. 

2.8. Aetivalion o f  trypsmogen( s) b), emteroklnase 
l m m u n o a d s o r b e n t  c h r o m a t o g r a p h i c  f r ac t i t . n s  c o n t a i n i n g  t h e  

h i g h e s t  c o n c e n t r a t i o n s  o f  i m m u n o r e a e t i v e  t r y p s i n  ! were  p o o l e d  a n d  
u s e d  f o r  a c t i va t i on .  A l i q u o t s  (0.6 ml )  o f  t r y p s i n o g e n  s o l u t i o n  ( c o n t a i n -  
i n g  72 n g  a n d  257 n g  o f  i m m u n o r e a ~ t i v e  t r y p s i n  1 fo r  C A P A N - i  a n d  
C F ~ A C - I ,  r e spec t ive ly )  we re  e x p o s e d  t o  e n t e r o k i n a s e  ( in  e x c e s s  
a m o u n t )  in a T r i s - H C I  b u f f e r  a t  p H  7.8 c o n t a i n i n g  10 m M  CaCI2  a t  
a o c .  S a m p l e s  o f  th i s  a c t i v a t i o n  m i x t u r e  w e r e  r e m o v e d  p e r i o d i c a l l y  a n d  
t r y p s i n  ac t i v i t y  w a s  m e a s u r e d  by  a s p c e t r o f l u o r i m e t r i c  m e t h o d  u s i n g  
N - ~ - b e n z y i o x y c a r b o n y l - L - a r g i n i n e  ( 4 - m e t h y l - T - c o u m a r y l )  a m i d e  (10 
b tM)  a s  t he  e n z y m e  s u h s t r a t e ,  a s  d e s c r i b e d  e l s e w h e r e  [18]. 

2.9. Preparatio~ of  cell lysates 
Cel l s  were  r i n sed  t h r e e  t i m e s  w i th  a P B S  b u f f e r  ( D u l b e e c o  A)  a n d  

the]: i n c u b a t e d  in a 10 m M  T r i s - H C I  b u f f e r ,  p H  7.0.  c o n t a i n i n g  100 
m M  N a C I  a n d  10 m M  E D T A .  T h e  ~'¢lls we re  SCraped o f f  a n d  s e n t -  
e a r ed  t h r e e  t i m e s  f o r  5 s a t  4 °C .  P r o t e i n  c o n c e n t r a t i o n  w a s  m e a s u r e d  
a c c o r d i n g  to  B r a d f o r d  [19]. 

3 .  R E S U L T S  

3 . 1 .  D e m o n s i r a t : o n  o f  i m m u n o r e a c t i v e  t r yps in  I in 
C A P A N - I  a n d  C F P A C - 1  ce l l  l ines  

T h e  p r e s e n c e  o f  p a n c r e a t i c  e n z y m e s  w a s  s t u d i e d  i n  
t h e  s u p e r n a t a n t s  o f  6 c e l l  l i n e s ,  P A N C - I ,  C A P A N - I ,  
C A P A N - 2 ,  C F P A C - i ,  A S P C - I  a n d  C D - I  1. N o  i m m u -  
n o r e a c t i v e  i i p a s e  a n d  c h y m o t r y p s i n o g e n  w a s  d e t e c t e d  i n  
a n y  c e l l  l i n e .  O n l y  i m m u n o r e a c t i v e  t r y p s i n  ! w a s  f o u n d  
i n  C A P A N - I  a n d  C F P A C - I  s u p e r n a t a n t s  a t  t h e  l e v e l  o f  
1 0  n g / m l .  I n  t h e  h o m o g e n a t e s  o f  t h e  s a m e  c e l l  l i n e s  
p e r f o r m e d  a t  c o n f l u e n c y  ( a p p r o x i m a t e l y  5 x 1 0 6  c e l l s / 2 5  
c m  21 i m m u n o r e a c t i v e  t r y p s i n  1 c o n c e n t r a t i o n  w a s  4 _ 
2 n g / m g  o f  p r o t e i n  i n  b o t h  c e l l  l i n e s .  

3 . 2 .  T h e  m o l e c u l a r  s i z e  d i s t r i b u t i o n  o f  i m m u t ~ o r e a c t i v e  
t r y p s i n  in ce l l  c u l t u r e  s u p e r n a t a n t  

T h e  m o l e c u l a r  s i z e  d i s t r i b u t i o n  o f  i m m u n o r e a c t i v e  
t r y p s i n  i n  c e l l  c u l t u r e  s u p e r n a t a n t  w a s  d e t e r m i n e d  b y  
i m m u n o a s s a y  o f  t r y p s i n  ~n t h e  d i f f e r e n t  f r a c t i o n s  o b -  
t a i n e d  b y  g e l  f i l t r a t i o n .  I d e n t i c a l  p r o f i l e s  w e r e  o b s e r v e d  
f o r  C A P A N - I  a n d  C F P A C - i  s u p e r n a t a n t s  a n d  a t y p i c a l  
p r o f i l e  i s  p r e s e n t e d  i n  F i g .  i .  F r a c t i o n s  c o n t a i n i n g  i m -  
m u n o r e a c t i v e  t r y p s i n  i w e r e  e l u t e d  a t  t h e  e n d  o f  t h e  
s e c o n d  v o i d  v o l u m e  w i t h  t h e  p r o t e i n s  o f  2 5  k D a ,  w e l |  
s e p a r a t e d  f r o m  t h e  g e n e r a l  p r o t e i n  p e a k .  T h i s  e l u t i o n  
p r o f i l e  i s  c o n s i s t e n t  w i t h  t h e  p r e s e n c e  o f  a f o r m  o f  i n a c -  
t i v e  t r y p s i n ,  p r o b a b l y  t r y p s i n o g e n ,  i n  t h e  s u p e r n a t a n t .  
A c t i v e  t r y p s i n  s h o u l d  b e  e l u t e d  i n  t h e  f i r s t  c h r o m a t o -  
g r a p h i c  f r a c t i o n s  a s  c o m p l e x e s  a s s o c i a t e d  w i t h  s e r u m  
i n h i b i t o r s .  

3 . 3 .  I s o l a t i o n  o f  t r y p s i n - l i k e  p r o t e i n s  f r o m  C A P A N - I  
a n d  C F P A C - !  ce l l  c u l t u r e  s u p e r n a l a n t  bjv i m m u -  
t, o a d s o r b e n t  c h r o m a t o g r a p h y  

T r y p s i n - l i k e  p r o t e i n s  w e r e  i s o l a t e d  b y  i m m u n o a d -  

1 7 6  
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F ig ,  i .  I d e n t i f i c a t i o n  o f  t he  mc. lecutar  f o r m s  o f  i m t n u n o r e a c t i v e  t r y p s i n  
( I R T )  b y  ge l  f i l t r a t i o n  o f  (:=ell l ines" s u p e r n a t a n t  o n  S e p h a d e x  G 100 
SF .  C o l u m n  ! .5 x 80 cm ;  l o a d ,  2 m l  o f  s u p c r n a t a n t ;  f r a c t i o n  "volume, 

I m L  A 280 n m  (17), I R T  (ram). 

s o r b e n t  c h r o m a t o g r a p h y  o n  a n  a f f i n i t y - c o l u m n  o f  a n t i -  
t r y p s i n  ! .  A f t e r  d i a l y s i s  a n d  c o n c e n t r a t i o n  b y  l y o p h i l i -  
s a t i o n ,  c u l t u r e  m e d i a  w e r e  d i s s o l v e d  i n  w a t e r  a n d  
l o a d e d  o n  t h e  i m m u n o a d s o r b e n t  c o l u m n .  A d s o r b e d  
p r o t e i n s  w e r e  e l u t e d  b y  a c i d i c  p H  a n d  i m m e d i a t e l y  
n e u t r a l i z e d  a t  p H  6 .0  b y  t h e  a d d i t i o n  o f  c o n v e n i e n t  
a m o u n t s  o f a  T r i s - H C l  b u f f e r  a t  p H  8.0.  T h e  e l u t i o n  w a s  
f o l l o w e d  b y  i m m u n o e n z y m a t i c  a s s a y  w h i c h  r e c o g n i z e d  
o n l y  t r y p s i n ( o g e n )  I ,  a n d  t h e  f r a c t i o n s  c o n t a i n i n g  i m -  
r n u n o r e a c t i v e  t r y p s i n  w e r e  f u r t h e r  a n a l y s e d  b y  W e s t e r n  
b l o t t i n g .  

1 0 0 -  , . . . .  
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T i m e  (rain) 
F i g .  3. A c t i v a l i o n  o f  ce~l l ines"  s u p e r n a l a n t  b y  e n t e r o k i n a s e .  A c t i v i t i e s  

w c r ¢  ¢ x p r ~ s e ~ d  in  p e r c e n t  o f  m a x i m a l  a c t i v i t y .  

3.4.  C h a r a c l e r i : a t i o n  o f  i m m u n o r e a c t i v e  t ryps in  con-  
t a i n e d  in C A P A N - I  a n d  C F P A C - I  cel l  cu l tu re  su- 
p e r ~ a t a n t  

T h e  co-naposi t ior ,  o f  t r y p s i n - l i k e  p r o t e i n s  p r e s e n t  in  
ce l l  s u p e r n a t a n t s  a n d  a d s o r b e d  o n  a n t i - t r y p s i n  i m m u -  
n o a d s o r b e n t  w a s  d c t e r r n i n e d  by  W e s t e r n  b l o t t i n g .  T h e  
r e s u l t s  o f  t h e  i m m u n o d e t e c t i o n  w i t h  t h e  m o n o c l o n a l  
a n t i b o d y  G 6 ,  w h i c h  r e c o g n i z e s  b o t h  h u m a n  t r y p s i n -  
( o g c n ) s ,  a r e  s h o w n  i n  F ig .  2. T w o  p o s i t i v e  r e a c t i o n s  a r e  
p r e s e n t  o n  i m m u n o r e a c t i v e  t r y p s i n - c o n c e n t r a t e d  f rac -  
t i o n s  i s o l a t e d  f r o m  C A P A N - I  s u p e r n a t a n t .  T h e  p r o t e i n  
b a n d s  c o r r e s p o n d  t o  t h e  r ee l .  wts .  o f  23 a n d  25 k D a  a n d  
a r e  c o n s i s t e n t  w i t h  t h e  r e e l .  wts .  o f ,  res i~ect ively,  t r y p s i -  
n o g e n s  I a n d  2 p u r i f i e d  f r o m  h u m a n  p a n c r e a t i c  j u i c e  
[20] .  T h e  s a m e  r e s u l t s  w e r e  o b t a i n e d  w i t h  i m m u n o r e a c -  
t i r e  t r y p s i n - c o n c e n t r a t e d  f r a c t i o n s  i s o l a t e d  f r o m  
C F P A C - I  s u p e r n a t a n t .  

K D  
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Fi 8. 2. Western blotx of trypsinogens isolated from CAPAN-I ¢~il 
culture medlnn~. Refereru~ proteins (Std) us~i were: phosphorylasc 
b (94 kDa), bovine ~erum albumin (67 kDa), ovalbamin (43 kDa), 
carbonic anhydrase (30 kDa), soybean inhibitor (20 kDa) and a- 
htc~|bumin (14 kDa). Std proteins were s:ained with Ponceau S; 
trypslnogens (1"8) were immumodetected in CAPAN. and samples of  

TB! and Tg2. with a monoclonal antibody to trypsin i. 

3.5. E n t e r o k i n a s e  a c t i v a t i o n  o f  t r y p s i n - l i k e  p r o t e i n s  
T h e  f r a c t i o n s  w i t h  t h e  h i g h e s t  i m m u n o r e a c t i v e  

t r y p s i n  leve ls  o b t a i n e d  b y  i m m u n o a f f i n i t y  c h r o m a t o -  
g r a p h y  o f  C A P A N - 1  a n d  C F P A C - i  ce l l  c u l t u r e - c : o n d i -  
t i o n e d  m e d i a  w e r e  p o o l e d  a n d  a s s a y e d  f o r  t r y p s i n  a c t i v -  
i ty .  T h e s e  f r a c t i o n s  w e r e  d e v o i d  o f  t r y p s i n  a c t i v i t y  u n t i l  
a c t i v a t e d  b y  e n t e r o k i n a s e .  T h e  k i n e t i c s  o f  a c t i v a t i o n  o f  
C A P A N - 1  t r y p s i n o g e n  is s h o w n  o n  F i g .  3. T r y p s i n  ac -  
t i v i t y  r e a c h e s  a p l a t e a u  a f t e r  30 r a i n  a n d  r e m a i n s  s t a b l e  
f o r  3 h a t  0 ° C .  T h e  s a m e  a c t i v a t i o n  w a s  o b t a i n e d  w i t h  
C F P A C - I  t r y p s i n o g e n .  T h i s  e x p e r i m e n t  d e m o n s t r a t e s  
c o n c l u s i v e l y  t h a t  i m m u n o r e a c t i v e  t r y p s i n  p r e s e n t  i n  
C A P A N - I  a n d  C F P A C - I  is i n  the  f o r m  o f t r y p s i n o g e n s .  

4. D I S C U S S I O N  

I n  t h i s  s t u d y ,  w e  d e m o n s t r a t e  the  e x p r e s s i o n  o f  th© 
t w o  h u m a n  p a n c r e a t i c  t r y p s i n o g e n s  i n  t w o  h u m a n  
p a n c r e a t i c  cel l  l i n e s  C F P A C - i  a n d  C A P A N - I .  T h e  
n o r m a l  p a n c r e a t i c  g l a n d  is  c o m p o s e d  o f  n u m e r o u s  ex-  
o c r i n e  a n d  e n d o c r i n e  cel l  t y p e s  w h i c h  a r e  b e l ; e v e d  t o  
o r i g i n a t e  f r o m  a n  e n d o d e r m i c  s t e m  cel l  [21]. T h e s e  d i f -  
f e r e n t  cel l  t y p e s  d o  n o t  s e e m  t o  h a v e  t h e  s a m e  a b i l i t y  t o  
d e v e l o p  t u m o r s .  T h e  m a j o r i t y  ( o v e r  809b) o f  c a n c e r s  o f  
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V o l u m e  294 ,  n u m b e r  3 F E B S  L E T T E R S  D c o e m b e r  1991 

e x o c r i n e  p a n c r e a s  a p p e a r  t o  a r i s e  f r o m  d u c t a l  e p i -  
t h e l i u m  [22].  A l l  p a n c r e a t i c  ce i l  l ines  s t u d i e d  i n  th i s  
r e p o r t  h a v e  b e e n  d e s c r i b e d  a s  d e r i v i n g  f r o m  t u m o r s  o f  
p a n c r e a t i c  d u c t s .  F r o m  a l l  p a n c r e a t i c  c e l l  l i n e s  e x a m -  
i n e d  h e r e .  o n l y  C A P A N - I  a n d  C F P A C - !  w e r e  s h o w n  
t o  s e c r e t e  t r y p : ~ i n o g e n s .  S i n c e  t h e  C F P A C -  1 c e l l  l i n e  h a s  
b e e n  e s t a b l i s h e d  f r o m  ~. p a t i e n t  w i t h  c y s t i c  f i b r o s i s  h o -  
m o z y g o u s  f o r  the  c o m m o n  C F  m u t a t i o n ,  w e  f irst  e x -  
c ludec l  the  p o s s i b i l i t y  t h a t  C A P A N - I  c o u l d  u n e x -  
p e c t e d l y  p r e s e n t  t h e  s a m e  g e n o t y p e .  T h e  p r e s e n c e  o f  
o t h e r  C F  m u t a t i o n s  o n  C A P A N - I  c e l l s  is n o t  t o t a l l y  
e x c l u d e d  b u t  it s e e m s  u n l i k e l y  t h a t  a C F  m u t a t i o n  w a s  
r e s p o n s i b l e  f o r  t h e  p r e s e n c e  o f  t r y p s i n o g e n s .  T h e  p o s s i -  
b i l i t y  t h a t  t h e  C A P A N - 1  a n d  C F P A C - !  ce l l  l i n e s  c o n -  
t a i n  s o m e  a c i n a r  c e l l s  r e s p o n s i b l e  f o r  t r y p s i n o g e n  s y n -  
t h e s i s  a n d  s e c r e t i o n  a l s o  s e e m s  t o  b e  e x c r u d e d ,  s i n c e  
o t h e r  p a n c r e a t i c  e n z y m e s  w e l l  r e p r e s e n t e d  in  h u m a n  
e x t e r n a l  s e c r e t i o n ,  s u c h  as  c h y m o t r y p s i n o g e n  a n d  
l i p a s e ,  h a v e  n o t  b e e n  d e t e c t e d  in c u l t u r e  s u p e r n a t a n t  b y  
s e n s i t i v e  i m m u n o e n z y m a t i c  a s s a y s ,  e v e n  a f t e r  a 1 0 - f o l d  
c o n c e n t r a t i o n .  

D i f f e r e n t  p o s s i b i l i t i e s  c a n  b e  s u g g e s t e d  t o  e x p l a i n  o u r  
f i n d i n g s .  N e u t r a l  p r o t e a s e s ,  m a i n l y  p l a s m i n o g e n  a c t i -  
v a t o r  [23]  a n d  c o l l a g e n a s e s  [24] ,  h a v e  l o n g  b e e n  t h o u g h t  
t o  b e  i n v o l v e d  in  t h e  d e g r a d a t i o n  o f  e x t r a c e i l u l a r  m a t r i x  
a n d  t u m o r  i n v a s i o n .  T h e  r e c e n t  d e m o n s t r a t i o n  o f  t h e  
e x p r e s s i o n  o f  t h e  t w o  h u m a n  t r y p s i n o g e n s  in c y s t  f lu id  
o f  m u t i n o u s  o v a r i a n  t u m o r s  i n d i c a t e  a p o s s i b l e  r o l e  o f  
t h e s e  p r o t e i n s  in t h e  p r o t e a s e  c a s c a d e  in tur~tor i n v a s i o t :  
[25 ,26 ] .  I n  th i s  r e s p e c t  it is  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  
o n l y  t w o  ce l l  l i n e s  p r o d u c i n g  t r : ~ p s i n o g e n s  w e r e  b o t h  
e s t a b l i s h e d  f r o m  l i v e r  m e t a s t a s i s  [ f , 2 7 ] .  O n  t h e  o t h e r  
h a n d ,  u n l i k e  t h e  o t h e r  p a n c r e a t i c  c e l l  l ine s ,  b o t h  
C A P A N - 1  a n d  C F P A C - I  c e l l s  s p o n t a n e o u s l y  f o r m e d  
d u c t - l i k e  s t r u c t u r e s  in t h e  s t a t i o n a r y  p h a s e  o f  g r o w t h .  
E l e c t r o n  m i c r o g r a p h s  s h o w  a p i c a l  m i c r o v i l l i  a n d  g l y c o -  
c a l y x ,  s u b a p i c a l  c y t o p l a s m i c  v a c u o l e s  c o n t a i n i n g  m u c i n  
g r a n u l e s  a n d  t i g h t  j u n c t i o n s  b e t w e e n  a d j a c e n t  c e l l s  
[I ,28] .  D a r i n g  d i f f e r e n t i a t i o n  in c u l t u r e ,  C A P A N -  1 c e l l s  
w e r e  s h o w n  t o  f o r m  d o m e s  w h i c h  a r e  t h o u g h t  t o  b e  t h e  
m o r p h o l o g i c a l  e x p r e s s i o n  o f  t r a n s e p i t h e l i a l  t r a n s p o r t  o f  
w a t e r  a n d  e l e c t r o l y t e s  [29].  W e  o b s e r v e d  a s i m i l a r  d o m e  
f o r m a t i o n  o f  C F P A C - I  c e l l s  in  c u l t u r e  ( u n p u b l i s h e d  
d a t a ) .  T h e s e  m o r p h o l o g i c a l  m o d i f i c a t i o n s  s u g g e s t  a 
p o s s i b l e  r e l a t i o n s h i p  b e t w e e n  t h e  p r e s e n c e  o f  t r y p s i -  
n o g e n s  a n d  a p e c u l i a r  s t a g e  o f  p a n c r e a t i c  d u c t a l  ce l l  
d i f f e r e n t i a t i o n .  S i n o e  r e c e n t  h i s t o l o g i c a l  f i n d i n g s  h a v e  
s h o w n  t h a t  t h e  i n t r a -  a n d  i n t e r i o b u l a r  d u c t  c e l l s  o f  
o r g a n  c u l t u r e s  o f  h u m a n  f e t a l  p a n c r e a s  s t a i n  p o s i t i v e l y  
f o r  t r y p s i n o g e n  ( B .  T u c h ,  p e r s o n a l  c o m m u n i c a t i o n ) ,  t h e  
p o s s i b i l i t y  t h a t  t h e  t w o  n e o p l a s t i c  t e l  l i n e s ,  C A P A N - !  
a n d  C F P A C - I ,  h a v e  r e g r e s s e d  b a c k  t o  a f e ta l  f o r m ,  a 
f e a t u r e  o f  s o  m a n y  n e o p l a s m s ,  is  t h e r e f o r e  w o r t h  c o n -  
s i d e r i n g .  

Adenowledse~na~:  The a u t h o r s  w i s h  to  t h a n k  Wilfr id  D a l e m a n s  
(~f¢ltnsgd~ne. S t n t s b o u r g )  for p e r f o r m i n g  IgenJ~tie a n a l y s i s  o n  C A  P A N -  I 

cells. E_~nilie R u b i o  a n d  Danie l le  B e r t a g n a  for their  ~killful t e chn ica l  
ass i s tance  a n d  E t i enne  Ho l l a nd¢  for  fruitful  discuss ion .  M . M .  is the  
rec ipient  o f  a f e l l o w s h i p  f r o m  A F L M  (Assoc i a t i on  franc, a ise  de  lutt¢ 
¢on t re  la mucov i sc idose ) .  Th i s  w o r k  was  s u p p o r t e d  by  a g r a n t  f r o m  
I N S E R M  ( C J F  88-09) a n d  the Liguc  c o n t r e  le C a n e r  du Var.  
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