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SUMMARY : Kupf f e r  c e l l s  i s o l a t e d  from the  normal  r a t  l i v e r  were i n c u b a t e d  
with ca lc ium i o n o p h o r e  A23187, and the  l e v e l s  of p e p t i d e  l e u k o t r i e n e s  (LTC4, 
LTD4, and LTE4) c o n t a i n e d  in the  c u l t u r e  s u p e r n a t a n t  were d e t e r m i n e d  by  the  
combined t e c h n i q u e  of r e v e r s e - p h a s e  h i g h - p e r f o r m a n c e  l i q u i d  c h r o m a t o g r a p h y  
and rad io immunoassay .  In r e s p o n s e  to A23187, K upf f e r  c e l l s  r e l e a s e d  LTC4, 
LTD4, and  LTE4. A f t e r  10 m i n - p r e . i n c u b a t i o n  of  K upf f e r  c e l l s  with AA861, a 5- 
l i p o x y g e n a s e  i n h i b i t o r ,  the  g e n e r a t i o n  of LTC4, LTD4, and  LTE4 from A23187- 
s t i m u l a t e d  Kupf f e r  c e l l s  was s i g n i f i c a n t l y  s u p p r e s s e d .  P l a t e l e t  a c t i v a t i n g  
f a c t o r  (PAF), a p h o s p h o l i p i d  med ia to r ,  s i g n i f i c a n t l y  e n h a n c e d  the  r e l e a s e  of 
LTC4, LTD4, and  LTE4 from Kupf fe r  c e l l s  s t i m u l a t e d  with A23187. These r e s u l t s  
s u g g e s t e d  t h a t  Kupf f e r  c e l l s  may p a r t i c i p a t e  in i n f l a m m a t o r y  and  immunologic  
e v e n t s  in the  l i v e r  t i s s u e  by the  r e l e a s e  of p e p t i d e  l e u k o t r i e n e s .  
© 1988 Academic Press, Inc. 

Kupf f e r  c e l l s ,  as r e s i d e n t  mac rophages  of the  l i v e r ,  a r e  p a r t  of the  

o rgan i sm ' s  m o n o n u c l e a r  p h a g o c y t e  system and show many t y p i c a l  f u n c t i o n s  

common to macrophages  of d i f f e r e n t  p r o v e n a n c e  (1-3). I t  is  a l s o  r e p o r t e d  t h a t  

Kupf fe r  c e l l s  may have the c a p a c i t y  to i n f l u e n c e  immunologic  and i n f l a m m a t o r y  

e v e n t s  in c h r o n i c  l i v e r  d i s e a s e s  (4-6). 

P e p t i d e  l e u k o t r i e n e s  (LTC4, LTD4, and LTE4) a r e  d e r i v e d  from a r a c h i d o n i c  

a c i d  v i a  the  l i p o x y g e n a s e  p a t h w a y  (7) a n d  a r e  p o t e n t  m e d i a t o r s  o f  

i n f l ammato ry  and a l l e r g i c  r e a c t i o n s .  LTC4, LTD4, and  LTE4 may c o n t r i b u t e  

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

d i s o r d e r s  (8). L e u k o t r i e n e s  a r e  known to be p r o d u c e d  from macrophages ,  

p o l y m o r p h o n u c l e a r  l e u k o c y t e s ,  and mast c e l l s  (9). A l t h o u g h  K upf f e r  c e l l s  

s t i m u l a t e d  with c e r t a i n  s u b s t a n c e s  r e l e a s e  p r o s t a g l a n d i n  E2, p r o s t a g l a n d i n  

I=, t h romboxane  A=, and  a v a r i e t y  of o t h e r  i n f l a m m a t o r y  m e d i a t o r s  (10), how 
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LTC4, LTD4, and LTE4 a r e  formed by Rupffer c e l l s  is  as  y e t  unknown. In t h i s  

s t udy ,  we examined the  p r o d u c t i o n  of  I_,TC.a, LTD4, and LTE4 from r a t  K u p f f e r  

c e l l s .  

MATERIALS AND METHODS 

Chemicals :  Calcium i o n o p h o r e  A23187, Hank's  b a l a n c e d  s a l t  s o l u t i o n ,  T y r o d e ' s  
s o l u t i o n ,  medium RPMI 1640, p r o n a s e ,  c o l l a g e n a s e ,  L - s e r i n e ,  and g e l a t i n  were 
o b t a i n e d  from Sigma, Tokyo,  J apan .  AA861 ( 2 - [ 1 2 - h y d r o x y - d o d e c a - 5 , 1 0 - d i y n y l ] -  
3 , 5 , 6 - t r i m e t h y l - l , 4 - b e n z o q u i n o n e )  was a g e n e r o u s  g i f t  from Takeda Chemical  
I n d u s t r i e s ,  Osaka, Jal?an. P l a t e l e t  a c t i v a t i n g  f a c t o r ,  s y n t h e t i c  LTC4, LTD,, 
and LTE4 were k i n d l y  s u p p l i e d  by Ono P h a r m a c e u t i c a l s ,  Osaka, Japan .  The 
rad io immunoassay  k i t  f o r  LTC4, LTD4, and LTE.~ was p ro ' chased  from Amersham 
Japan ,  Osaka, Japan .  
P r e p a r a t i o n  and i n c u b a t i o n  o f  r a t  K u p f f e r  c e l l s :  t~upffer  c e l l s  were i s o l a t e d  
from the  Wistar  r a t  l i v e r  as  p r e v i o u s l y  r e p o r t e d  (6). K u p f f e r  c e l l  s u s p e n s i o n  
in T y r o d e ' s  s o l u t i o n  c o n t a i n i n g  20m;,l L - s e r i n e  and l~  g e l a t i n  was p r e p a r e d .  
Based on h i s t o c h e m i c a l  s t a i n i n g ,  96~ of  the a d h e r e n t  c e l l s  from the r a t  l i v e r  
were found to be g u p f f e r  c e l l s .  The I{upffer  c e l l  s u s p e n s i o n  (Sx10 "~ e e l l s / m l )  
was i n c u b a t e d  with ca lc ium i o n o p h o r e  A23187 <2.51~M) with o r  w i thou t  10-gM 
PAr. The R u p f f e r  (.'ell s u s p e n s i o n  was a l s o  i n c u b a t e d  with 10-6M AA861, a 
s p e c i f i c  i n h i b i t o r  o f  5 - 1 i p o x y g e n a s e  (117, wh ich  was a d d e d  to  t h e  c e l l  
s u s p e n s i o n s  10 rain b e f o r e  the  a d d i t i o n  of  ca l c ium i o n o p h o r e .  Immedia te ly  
a f t e r  the i n c u b a t i o n  of  R u p f f e r  c e l l s ,  a f o u r - f o l d  amount o f  i c e - c o l d  e t h a n o l  
was added ,  and the  s u p e r n a t a n t  was o b t a i n e d  by c e n t r i f u g a t i o n .  
P u r i f i c a t i o n  and a s s a y  of  LTC4, LTD4, and LTE.~: I.TC.,, LTD4, and I TE4 in the  
c u l t u r e  s u p e r n a t a n t  w e r e  f r a c t i o n a t e d  by r e v e r s e - p h a s e  h i g h - p e r f o r m a n c e  
l iqu id  c h r o m a t o g r a p h y  (HPLC) and d e t e r m i n e d  by r ad io immunoassay  as f o l l o w s .  
The e t h a n o l - e x t r a c t e d  l e u k o t r i e n e - r i c h  s u p e r n a t a n t  was e v a p o r a t e d  to d r y n e s s  
u n d e r  n i t r o g e n  gas  in a w a t e r  ba th  a t  37°C. This was then  suspended  in 1.5 
ml of  407. me thano l  and used  as the sample f o r  the  f r a c t i o n a t i o n  by HPLC. One 
m i l l i l i t e r  of  the  a b o v e  sample was i n j e c t e d  in to  a p r e - c o l u m n  (YMC-BBC-5 S-5 
ODS; Yamamura C h e m i c a l  Lab. ,  Osaka ,  J a p a n ) ,  a n d  t h i s  was  w a s h e d  w i t h  
d i s t i l l e d  wa te r  (flow r a t e :  1 ml/min) f o r  4 rain. The flow was then  changed  
by the  column s w i t c h i n g  method u s i n g  a sys tem c o n t r o l l e r  (SCL-6A, Shimazu, 
Osaka, Japan) ,  and the  mobi le  phase  ( a c e t o n i t r i l e / m e t h a n o l / w a t e r / a c e t i e  ac id  
: 1500/500/1500/1,  a d j u s t e d  to pH 5.6 with t r i e t h y l a m i n e )  was i n j e c t e d  from 
the  o p p o s i t e  s ide  of  the p r e - c o l u m n  at  a f low r a t e  of  1 ml/min and drawn in to  
the  main column. D e v e l o s i l  (ODS 5k, 4.6x150 ram; Nomura Chemicals ,  Aichi,  
J apan)  was used as  the  main column,  and the a b s o r b a n c e  of  e l u t e s  a t  280 nm 
was measured  u s i n g  a s p e c t r o p h o t o m e t e r  (SPD-6A, Sbimazu) and m o n i t o r e d  u s ing  
Chroma topac  (C-R4A; Shimazu). Each f r a c t i o n  c o r r e s p o n d i n g  to the  s t a n d a r d  
p r e p a r a t i o n  of  LTC~, LTDa, and LTE4 was c o l l e c t e d  by a f r a c t i o n  c o l l e c t o r  
(FRAC-100; Pharmacia  Japan ,  Osaka, Japan) .  These f r a c t i o n a t e d  m a t e r i a l s  were  
e v a p o r a t e d  to d r y n e s s  and r e s u s p e n d e d  in T y r o d e ' s  s o l u t i o n .  I_,TC,, LTD4, and 
LTE4 in the  HPLC-pur i f i ed  sample were measured  by r ad io immunoassay  a c c o r d i n g  
to the method of  L e v i - S c h a f f e r  e t  al  (12). 

RESULTS 

~/hen i n c u b a t e d  with ca lc ium i o n o p h o r e  A23187 (2.5#M), E u p f f e r  

c e l l s  g e n e r a t e d  LTC.~, LTD4, and LTE4 (Fig'. l, Fig.  2, and Fig.  3). LTC4 l e v e l  

in the  c u l t u r e  s u p e r n a t a n t  of  K u p f f e r  c e l i a  r e a c h e d  the  peak  a t  5 rain a f t e r  

the a d d i t i o n  of  A23187 with a d e c l i n e  t h e r e a f t e r  (Fig. l). AA861, a s p e c i f i c  

5 - 1 i p o x y g e n a s e  i n h i b i t o r ,  had an i n h i b i t o r y  e f f e c t  on l e u k o t r i e n e  r e l e a s e  

218 
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R e l e a s e  o f  LTC4 f rom r a t  K u p f f e r  c e l l s .  
K u p f f e r  c e l l s  were  t r e a t e d  w i t h  2 .5#M A23187 (A)  o r  wi th  2.5l~M 
A23187 a n d  10-6M AA861 (A) .  The v a l u e s  a r e  m e a n s  o f  f i v e  i n d e p e n d e n t  
e x p e r i m e n t s ,  a n d  b a r s  i n d i c a t e  SD. At e a c h  t ime p o i n t ,  t h e  d i f f e r e n c e  
b e t w e e n  A 2 3 1 8 7 - s t i m u l a t e d  c e l l s  a n d  A 2 3 1 8 7 - s t i m u l a t e d  c e l l s  
p r e t r e a t e d  wi th  AA861 was s i g n i f i c a n t  (*p<0.01, **p<O.001). 

R e l e a s e  o f  LTD~ f rom r a t  K u p f f e r  c e l l s .  
K u p f f e r  c e l l s  were  t r e a t e d  w i t h  2.511M A23187 ( I )  o r  wi th  2 . 5 p N  A23187 
a n d  10-eM AA861 (1"7). The  v a l u e s  a r e  m e a n s  o f  f i v e  i n d e p e n d e n t  
e x p e r i m e n t s ,  a n d  b a r s  i n d i c a t e  SD. At e a c h  t ime p o i n t ,  t h e  d i f f e r e n c e  
b e t w e e n  A 2 3 1 8 7 - s t i m u l a t e d  c e l l s  a n d  A 2 3 1 8 7 - s t i m u l a t e d  c e l l s  
p r e t r e a t e d  wifh  AA861 was s i g n i f i c a n t  (*p<0.01. **p<0.001) .  

R e l e a s e  o f  LTE4 f rom r a t  K u p f f e r  c e l l s .  
K u p f f e r  c e l l s  were  t r e a t e d  w i t h  2 .5#M A23187 ( . )  o r  w i th  2.5tiM 
A23187 a n d  10-~M AA861 ( ~ ) .  The  v a l u e s  a r e  m e a n s  o f  f i v e  i n d e p e n d e n t  
e x p e r i m e n t s ,  a n d  b a r s  i n d i c a t e  SD. At e a c h  t ime p o i n t ,  t h e  d i f f e r e n c e  
b e t w e e n  A 2 3 1 8 7 - s t i m u l a t e d  c e l l s  a n d  A 2 3 1 8 7 - s t i m u l a t e d  c e l l s  
p r e t r e a t e d  wi th  AA861 was s i g n i f i c a n t  (*p<0.01).  

from rat Kupffer cells stimulated with calcium ionophore A23187. As shown in 

Fig. i, pretreatment of Kupffer cells at 37°C for ]0 rain with 10-6M AA861 

caused a significant inhibition of LTC4 release. LTD~ release by rat Kupffer 

cells was essentially similar to that noted in LTC.~ (Fig. 2). On the other 

hand, LTE4 level in the culture supernatant of Kupffer cells reached the peak 

at 20 rain after the addition of A23187 with a decline thereafter (Fig. 3). 

In addition, AA861 significantly inhibited the release of LTE4 from A23187- 

stimulated Kupffer cells. 

When Kupffer cells were incubated in the presence of both I0-9M PAF and 

2.5#M calcium ionophore A23187 at 37 °C, PAF enhanced the production of 

peptide leukotrienes from Kupffer cells (Table I). No leukotriene was 

detectable in the culture supernatant of Kupffer cells not stimulated with 

A23187 or PAF. 

2 1 9  
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Table  1 Enhancement  of the  r e l e a s e  of  p e p t i d e  l e u k o t r i e n e s  from r a t  Kupf fe r  
c e l l s  by PAF 

A23187 PAF LTC4 a LTD4 a LTE4 b 
(~M) (M) 

(ng /5x !O5ce l l s )  

0 0 <0.01 <0.01 <0.01 

0 10 -9 <0.01 <0.01 <0.01 

2.5 0 8.21±0.42 c 8,12±0.64 e 4.76±0.45 g 

2.5 10 -9 1 0 . 5 6 i 0 . 5 l  d 11.4±0.78 f 6 . 72 i0 .66  h 

I n c u b a t i o n  time : (a) 5 rain, (b) 20 rain. S i g n i f i c a n t  d i f f e r e n c e  be tween  (c) 
and (d) a t  p<O.O1, (e) and (f) a t  p<O.O05, (g) and (h) a t  p<O.O1. 

DISCUSSION 

I t  h a s  b e e n  s u g g e s t e d  t h a t  l e u k o t r i e n e s  may b e  t h e  k e y  m e d i a t o r s  in  

i n f l a m m a t o r y  l i v e r  d i s e a s e s  (9). S i n c e  I ~ u p f f e r  c e l l s  p r o d u c e  v a r i o u s  c h e m i c a l  

m e d i a t o r s  (10) a n d  h a v e  t h e  c a p a c i t y  to  i n f l u e n c e  i m m u n o l o g i c  e v e n t s  (6), 

t h e y  a r e  t h o u g h t  to  b e  c l o s e l y  r e l a t e d  to  i n f l a m m a t o r y  a n d  immune r e s p o n s e s  

in  t h e  l i v e r .  

S i n c e  LTC4 i s  c o n v e r t e d  t o  LTD4 a n d  t h e n  t o  LTE.~, t h e r e  i s  a 

p r o l o n g a t i o n  o f  t h e  b i o l o g i c a l  e f f e c t s  o f  t h e  p e p t i d e  l e u k o t r i e n e s  a s  t h e y  

u n d e r g o  m e t a b o l i s m .  In many  s y s t e m s ,  LTD4 i s  m o r e  b i o l o g i c a l l y  a c t i v e  t h a n  

LTCa, so t h a t ,  a t  ] e a s t  i n i t i a l l y ,  t h e  m e t a b o l i s m  o f  I,TCa e n h a n c e s  t h e  

e f f e c t s  o f  p e p t i d e  l e u k o t r i e n e s .  H o w e v e r ,  LTE.~ i s  u s u a l l y  l e s s  a c t i v e  t h a n  

LTD,, a l t h o u g h  i t  s t i l l  h a s  a p p r e c i a b l e  b i o l o g i c a l  a c t i v i t y  (13). M o r e o v e r ,  

s ince  LTE4 a c c u m u l a t e s  d u r i n g  l e u k o t r i e n e  m e t a b o l i s m  in K u p f f e r  c e l l s ,  [,TE4 

may p l a y  a m o r e  i m p o r t a n t  r o l e  in  t h e  p a t h o g e n e s i s  o f  l i v e r  d i s e a s e s  t h a n  was 

p r e v i o u s l y  t h o u g h t .  O ur  r e s u l t s  show t h e  p o s s i b i l i t y  t h a t  K u p f f e r  c e l l s  may 

a f f e c t  i n f l a m m a t o r y  c e l l  i n f i l t r a t i o n  a n d  t h e  immune r e s p o n s e  in  t h e  l i v e r  

t h r o u g h  t h e  p r o d u c t i o n  o f  LTC4, LTD4, a n d  LTE4. 

PAF i s  a p h o s p h o l i p i d  m e d i a t o r  p r o d u c e d  f r o m  m a c r o p h a g e s  a n d  

p o l y m o r p h o n u c l e a r  l e u k o c y t e s ,  a n d  i s  i n v o l v e d  in a n a p h y l a x i e  s h o c k  a n d  

v a r i o u s  i n f l a m m a t o r y  r e s p o n s e s  (14). PAF i s  k n o w n  to  i n c r e a s e  t h e  p r o d u c t i o n  

o f  p r o s t a g l a n d i n  E= f r o m  p o l y m o r p h o n u c l e a r  l e u k o e y t e s  (15). In t h i s  s t u d y ,  

22O 
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the p r o d u c t i o n  of LTC4, LTD4, and LTE4 from Kupf fe r  c e l l s  was e n h a n c e d  by 

PAF, s u g g e s t i n g  t h a t  PAF may a l so  be i n v o l v e d  in i n f l a m m a t o r y  l i v e r  d i s e a s e s  

by c a u s i n g  the  i n c r e a s e  in LTC4, LTD4, and LTE4 p r o d u c t i o n .  
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