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TWO DISTINCT T Y P E S  O F  F c  R E C E P T O R  FOR IgC ON G U I N E A  P I C  

MACl~OPHAGKS ACTIVATE THE N A D P H  OXIDASE T H R O U G H  D I F F E R E N T  

S I G N A L - T R A N S D U C T I O N  P A T H W A Y S  

T o m o z u m i  I m a m i c h i  a n d  J i r o  K o y a r n a *  

E ) e I ~ r t m e n t  o f  H y g i e n i c  C h e m i s t r y ,  F a c u l t y  o f  P h a r m a c e u t i c a l  S c i e n c e s ,  
H o k k a i d o  U n i v e r s i t y ,  K i t a - k u ,  S a p p o r o  060 ,  3apar t  

R e c e i v e d  A u g u s t  30 ,  1990 

N e i t h e r  5 tzM c a l m o d u l i n  a n t a g o n i s t  W - 7  n o r  d e p l e t i o n  of  t h e  
i n t r a c e l l u l a r  C a  z~ a f f e c t e d  t h e  0 2 generation t r i g g e r e d  by  t h e  F c  r e c e p t o r  
f o r  IgG2 (FcT2R)  o n  g u i n e a  p ig  m a c r o p h a g e s ,  a l t h o u g h  t h a t  by  t h e  F c  r e c e p t o r  
f o r  b o t h  IgC1 a n d  IgG2 ( F c T t / T z R )  was  l o w e r e d  t o  50% of  a c o n t r o l  l e v e l  by  
W-7  a n d  t h e  C a  z* d e p l e t i o n ,  r e s p e c t i v e l y .  S t a u r o s t > o r i n e  i n h i b i t e d  a l l  t h e s e  
r e s p o n s e s ,  b u t  t o  d i f f e r e n t  e x t e n t s .  T h e s e  r e s u l t s  r e v e a l  t h a t  t h e  s i g n a l -  
t r a n s d u c t i o n  p a t h w a y s  l i n k e d  t o  t h e s e  r e c e p t o r s  d i f f e r  f r o m  e a c h  o t h e r ,  a n d  
t h a t  F ~ ' ~ / T 2 R  t r i g g e r s  t h e  O} g e n e r a t i o n  t h r o u g h  t h e  C a Z ~ - c a l m o d u l i n  ~ y v t e m  
and the Cag+-independent system. ~ 1990 Academic Press, Inc. 

Cuinea pig macrophages possess two distinct types of Pc receptor 

for IgG (FcyR); one is specific for IgC2 alone (Fc~fgR) and the other binds 

both IgCl and IgC2 (FcTL/TgI~) (1,2). Recently, a cDNA ceding for FcTl/y2R 

w a s  c l o n e d ,  s h o w i n g  t h a t  t h e  FcTR s t r u c t u a l l y  b e l o n g s  t o  t h e  g r o u p  2 F c T R s  

( m o u s e  F c T R  l ice  a n d  h u m a n  FcTR II) (3). T h e s e  t w o  F c T R s  t r i g g e r  t h e  0 } -  

g e n e r a t i n g  r e s p o n s e  o n  b i n d i n g  of  a n t i g e n - c o m p l e x e s  of  IgG1 a n d  IgG2 

a n t i b o d i e s .  In a p r e v i o u s  p a p e r  (¢) ,  w e  r e p o r t e d  t h a t  t h e  0 } g e n e r a t i o n  

t r i g g e r e d  b y  F c " [ i / T g R  was  l o w e r e d  t o  50°/6 o f  a c o n t r o l  l e v e l  by  d e p l e t i o n  o f  

t h e  i n t r a c e l l u t a r  C a  2+ by  i n c u b a t i n g  t h e  c e l l s  w i t h  l o n o m y c i n  a n d  KCTA,  

a l t h o u g h  t h e  C a  2+ d e p l e t i o n  d i d  n o t  a f f e c t  t h e  O }  g e n e r a t i o n  by  F c T g R .  

T h e s e  r e s u l t s  s u g g e s t  s t r o n g l y  t h a t  t h e  F c T 2 R -  a n d  F c T ~ / T 2 R -  m e d i a t e d  

s i g n a l - t r a n s d u c t i o n  p r o c e s s e s  f o r  t h e  a c t i v a t i o n  of  t h e  N A D P H  o x i d a s e  d i f f e r  

f r o m  e a c h  o t h e r .  

We,  r e c e n t l y ,  f o u n d  t h a t  t h e  O ~  g e n e r a t i o n  t r i g g e r e d  by  FC~el/~'2R 

w a s  50% i n h i b i t e d  w i t h  N - ( 6 - a m i n o h e x y t ) - 5 - c h l o r o - l - n a p h t h a l e n e - s u l f o n a m i d e  

*To whom correspondence should be addressed. 

Abbreviations: FcTIQ, Fc receptor for IgG; FcTt/~'zR, Fc receptor for IgCl and 

IgG2;  F c T 2 R ,  F c  r e c e p t o r  f o r  IgG2;  K R P B - G ,  K r e b s - R i n g e r  p h o s p h a t e - b u f f e r e d  

saline supplemented with 5.5 mM D-glucose, pH 7.4; OA, ovalbumin; OATI, 

ovalbumin complex of IgGl antibody; OA72, ovalbumin complex of IgC2 

antibody; PSAA, phorbol myristate acetate; SOD, superoxide dismutase: W-7, N- 

( 6- aminohexyl)- 5-chloro- 1 -naphtha]ene-sulfonamide . 
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( c a l m o d u l i n  a n t a g o n i s t  W-7) .  In c o n t r a s t ,  b o t h  t h e  0 ~ g e n e r a t i o n  t r i g g e r e d  

by FcTg!Q a n d  t h e  C a Z + - i n d e p e n d e n t  0 7z g e n e r a t i o n  by  F c T I / T z R  w e r e  n o t  

i n h i b i t e d .  In a d d i t i o n ,  a l l  t h e s e  r e s p o n s e s  w e r e  f o u n d  t o  b e  i n h i b i t e d  w i t h  

s t a u r o s p o r i n e ,  bu t  t o  d i f f e r e n t  e x t e n t s .  In t h i s  p a p e r ,  t h e s e  r e s u l t s  a r e  

r e p o r t e d ,  i n d i c a t i n g  t h a t  t h e  s i g n a l - t r a n s d u c t i o n  p a t h w a y s  l i n k ed  t o  t h e s e  

FcTRs  d i f f e r  f r o m  e a c h  o t h e r .  

MATEI~IALS AND METt tODS 

M a t e r i a l s :  P e r i t o n e a l  m a c r o p h a g e s  w e r e  i s o l a t e d  f r o m  H a r t l e y  
g u i n e a  p i g s  i n j e c t e d  i n t r a p e r i t o n e a l t y  w i t h  l iqu id  p a r a f l i n .  T h e  p e r i t o n e a l  
e x u d a t e  c e l l s  w e r e  c u l t u r e d  in g l a s s  d i s h e s ,  a n d  t h e  a d h e r e n t  c e l l s  w e r e  
c o l l e c t e d  a n d  u s e d  a s  m a c r o p h a g e s  (5). C a  z÷ - d e p l e t e d  m a c r o p h a g e s  w e r e  
p r e p a r e d  by  i n c u b a t i o n  w i t h  1 ~M I o n o m y c i n  a n d  0.5 mM EGTA in C a , M g - f r e e  
K r e b s - l ~ i n g e r  p h o s p h a t e - b u f f e r e d  s a l i n e  s u p p l e m e n t e d  w i t h  5.5 ~ D - g l u c o s e ,  
pH 7 .#  ( K R P B - G )  f o r  10 m i n  a t  37~ (~,6). A f t e r  w a s h i n g  w i t h  C a , M g - f r e e  K R P B -  
G, t h e  c e l l s  w e r e  s u s p e n d e d  in t h e  s a m e  m e d i u m .  This  t r e a t m e n t  o f  
m a c r o p h a g e s  c a u s e d  a m a r k e d  d e c r e a s e  in t h e  i n t r a c e l l u l a r  c o n c e n t r a t i o n  o f  
C a  2+ f r o m  218 +- 2t~ to  5# -+ 2 nM, w h e n  e s t i m a t e d  by  t h e  u s e  o f  F u r a - 2  (g,7) .  

G u i n e a  p ig  IgGI a n d  IgG2 a n t i b o d i e s  t o  o v a l b u m i n  (OA) w e r e  
s p e c i f i c a l l y  p u r i f i e d  (#,8) ,  a n d  t h e  OA c o m p l e x e s  u s e d  w e r e  p r e p a r e d  by  
i n c u b a t i n g  t h e  a n t i b o d i e s  w i t h  o a  a t  a m o l a r  a n t i g e n : a n t i b o d y  r a t i o  o f  0 .1 .  
M o n o c l o n a t  a n t i - F w l / T z R  a n t i b o d y  (VIA2 IgG1) was  p u r i f i e d  f r o m  a s c i t e s  
f l u id  o f  B A L B / c  m i c e  i n j e c t e d  i n t r a p e r i t o n e a l l y  w i t h  h y b r i d o m a  (VIA2) 
s e c r e t i n g  t h e  a n t i b o d y .  T h e  F o b '  o f  t h e  a n t i b o d y  w a s  p r e p a r e d ,  a s  d e s c r i b e d  
in (1). 

T h e  f o l l o w i n g  m a t e r i a l s  w e r e  o b t a i n e d  f r o m  t h e  i n d i c a t e d  s o u r c e s :  
f e r r i c y t o c h r o m e  c a n d  s u p e r o x i d e  d i s m u t a s e  (SOl)) f r o m  S i g m a  C h e m i c a l  Co . ,  S t  
Lou i s ,  MO; I o n o m y c i n  f r o m  C a l b i o c h e m - B e h r i n g e r ,  La  ] o l l a ,  CA;  p h o rb o l  
m y r i s t a t e  a c e t a t e  (PMA) f r o m  S e i k a g a k u  K o g y o  Co . ,  Tokyo ,  ] a p a n ;  W-7  f r o m  
K y o w a  Hakko  K o g y o  Co . ,  Tokyo ,  3apart .  
M e a s u r e m e n t  of  t h e  0 Z7 g e n e r a t i n g  r e s p o n s e s :  T h e  0 Z - g e n e r a t i n g  
r e s p o n s e  t r i g g e r e d  by  F c g 2 R  w a s  m e a s u r e d  by  s t i m u l a t i o n  o f  a n t i - F c 7 1 / g z [ ~  
F a b ' - t r e a t e d  m a c r o p h a g e s  w i t h  OA c o m p l e x  o f  lgG2 a n t i b o d y  (OAT:)  (t~). F o r  
t h i s  p u r p o s e ,  m a c r o p h a g e s  (I X 106 c e l l s )  w e r e  p r e - i n c u b a t e d  w i t h  100 ~g o f  
a n t i - F c Y ~ / 7 2 R  F a b '  in 0 .3  ml  o f  K R P B - G  f o r  1 h r  a t  44,  a n d  t h e n  s t i m u l a t e d  
w i t h  O A T : .  T h e  0 Z - g e n e r a t i n g  r e s p o n s e  t r i g g e r e d  by  F c g l / g z R  w a s  m e a s u r e d  
by s t i m u l a t i o n  o f  u n t r e a t e d  m a c r o p h a g e s  w i t h  OAT1 (/~). T h e s e  0 ~ - g e n e r a t i n g  
r e s p o n s e s  w e r e  d e t e r m i n e d  by m e a s u r i n g  t h e  S O D - i n h i b i t a b l e  r e d u c t i o n  o f  
f e r r i c y t o c h r o m e  c in a H i t a c h i  d o u b l e  b e a m  r e c o r d i n g  s p e c t r o p h o t o m e t e r  U-  
3200 (9). S a m p l e  a n d  r e f e r e n c e  c u v e t t e s  c o n t a i n e d  a n t i - F c g l / g 2 R  F a b ' -  
t r e a t e d  o r  u n t r e a t e d  m a c ' r o p h a g e s  (1 X 108 c e l l s )  a n d  50 nmol  of  
f e r r i c y t o c h r o m e  c in 0.95 ml  o f  K R P B - G .  The  r e f e r e n c e  c u v e t t e  a l s o  
c o n t a i n e d  50 gg o f  SOD. T h e  r e a c t i o n  was  i n i t i a t e d  by a d d i t i o n  o f  100 #g o f  
OAT: o r  OA71 in 0 .05 ml o f  K R P B - C  a t  37~° :lqae d i f f e r e n c e  s p e c t r u m  was  
m o n i t o r e d  a t  550 n m ,  a n d  t h e  0 z - g e n e r a t i n g  r e s p o n s e  w a s  e s t i m a t e d  by 
m e a s u r i n g  an  i n i t i a l  v e l o c i t y  o f  t h e  S O D - i n h i b i t a b l e  r e d u c t i o n  o f  
f e r r i c y t o c h r o m e  c .  When t h e  0 z g e n e r a t i o n  by  C a Z + - d e p t e t e d  m a c r o p h a g e s  w a s  
m e a s u r e d ,  K R P B - G  w a s  r e p l a c e d  by  C a , M g - f r e e  K R P B - G  (#). T h e  O ~ - g e n e r a t i n g  
r e s p o n s e  i n d u c e d  by PMA was  d e t e r m i n e d  by a d d i t i o n  o f  PMA a t  a f i n a l  
c o n c e n t r a t i o n  of  100 ng ]ml ;  t h e  p r o c e d u r e s  u s e d  f o r  t h i s  p u r p o s e  w e r e  t h e  
s a m e  as  t h o s e  d e s c r i b e d  a b o v e .  

RESULTS AND DISCUSSION 

In a p r e v i o u s  p a p e r  (t~), w e  r e p o r t e d  t h a t  t h e  0 ~ - g e n e r a t i n g  

r e s l ~ n s e  t r i g g e r e d  by  FcD'I/T21~ in g u i n e a  p ig  m a c r o p h a g e s  w a s  l o w e r e d  t o  50% 

o f  a c o n t r o l  l e v e l  by  d e p l e t i o n  o f  t h e  i n t r a c e l l u l a r  Ca. z~ by  i n c u b a t i n g  t h e  

c e l l s  w i t h  I o n o m y c i n  a n d  EGTA,  d i f f e r i n g  f r o m  i t s  FcT2R c o u n t e r p a r t .  
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F u r t h e r m o r e ,  t h e  a d d i t i o n  o f  C a  2 + t o  t h e  C a Z - d e p l e t e d  c e l l s  w a s  f o u n d  t o  

r e c o v e r  c o m p l e t e l y  t h e  O~ - g e n e r a t i n g  r e s p o n s e  t r i g g e r e d  by  FcT l/721~. T h e s e  

f i n d i n g s  s u g g e s t  s t r o n g l y  t h a t  t h e  t r i g g e r i n g  m e c h a n i s m s  o f  F c T 1 / T 2 R  a n d  

FcTzI~ l e a d i n g  t o  t h e  a c t i v a t i o n  o f  t h e  N A D P H  o x i d a s e  d i f f e r  f r o m  e a c h  o t h e r ,  

a n d  a l s o  t h a t  F c T 1 / T z R  t r i g g e r s  t h e  a c t i v a t i o n  o f  t h e  N A D P t t  o x i d a s e  t h r o u g h  

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

d e p e n d e n c e  u p o n  t h e  i n t r a c e l l u l a r  C a  2+ . 

T o  e l u c i d a t e  f u r t h e r  t h e s e  d i f f e r e n t  s i g n a l - t r a n s d u c t i o n  

p r o c e s s e s ,  t h e  e f f e c t  o f  c a l m o d u l i n  a n t a g o n i s t  W - 7  ( 1 0 - 1 2 )  on  t h e  OH 

g e n e r a t i o n  b y  s t i m u l a t e d  m a c r o p h a g e s  w a s  d e t e r m i n e d .  W h e n  m a c r o p h a g e s  w e r e  

s t i m u l a t e d  w i t h  OAT1,  OAT~ o r  IOMA, 100 uM W - 7  a b o l i s h e d  t h e  O z - g e n e r a t i n g  

r e s p o n s e s .  T h i s  e f f e c t  o f  W - 7  m a y  b e  c a u s e d  by  i n h i b i t i o n  o f  p r o t e i n  k i n a s e  

C (13 ,1#) .  H o w e v e r ,  i t  s e ~ n s  p a r t l y  d u e  t o  t h e  c y t o t o x i c  a c t i o n  o f  W - 7 ,  

s i n c e  t h e  s a m e  c o n c e n t r a t i o n  o f  W - 7  l o w e r e d  t h e  c e l l  v i a b i l i t y  t o  50%,  w h e n  

e s t i m a t e d  by  a t r y p a n  b l u e  e x c l u s i o n  t e s t  ( d a t a  n o t  s h o w n ) .  A l o w e r  

c o n c e n t r a t i o n  o f  W - 7  (5 ~M), on  t h e  o t h e r  h a n d ,  w a s  f o u n d  t o  i n h i b i t  by  50°.4 

t h e  0 3  g e n e r a t i o n  t r i g g e r e d  by  FcTI /T21~ w i t h o u t  a n y  e f f e c t  on  t h e  c e l l  

v i a b i l i t y ,  a l t h o u g h  i t  e x h i b i t e d  no  i n h i b i t o r y  e f f e c t  on  t h e  O } g e n e r a t i o n  

by m a c r o p h a g e s  s t i m u l a t e d  t h r o u g h  Fc721~ o r  w i t h  P M A  ( F i g . l ) .  F u r t h e r m o r e ,  

t h e  0 2 g e n e r a t i o n  by C a  ~ - d e p l e t e d  m a c r o p h a g e s  s t i m u l a t e d  t h r o u g h  FcT~/Tzl~  

w a s  a l s o  n o t  i n h i b i t e d  a t  a l l  w i t h  5 ~M W - 7 .  T h e s e  r e s u l t s  r e v e a l  t h a t  t h e  

0 ~ - g e n e r a t i n g  r e s p o n s e  t r i g g e r e d  by FcT~/72I~ p r o c e e d s  t h r o u g h  t w o  d i f f e r e n t  

s i g n a l - t r a n s d u c t i o n  s y s t e m s :  t h e  C a  2+-  c a l m o d u l i n  s y s t e m  a n d  t h e  C a  ~+-  

i n d e p e n d e n t  s y s t e m .  In c o n t r a s t ,  t h a t  by  F c T e R  s e e m s  to  p r c ~ e e d  t h r o u g h  t h e  

Ca 2{ -independent system alone. 

Staurosporine (I 5) is a powerful inhibitor of the respiratory 

burst induced by various stimulants (16-18). It, however, does not al ter  the 

0 2 generation by cel l-free preparations of the NADPH oxidase (18). We, 

Fig. 1. 

P MA ~ ~ ~  

Fc,y1/~[2R ~ , ~ ~ , / ~ q  ~-t 
! , I , t , t , J , ! . 

0 20 40 60 80 100 120 

% of Control 

E f f e c t  of W-7 on the  O z - g e n e r a t i n g  responses .  U n t r e a t e d  ( ha t c he d  
bars  ) and Ca  2 r -dep le t ed  macrophages  ( open bars  ) were  incuba ted  with 
W-7 for 5 min a t  37~, and then  s t i m u l a t e d  by PMA, and th rough  FcT~/721~ 
and Fc72R, as  descr ibed  in METHODS; the  final c onc e n t r a t i on  of W-7 
added was SuM. The resu l t s  a r e  expressed  as  pe rcen t  of control  va lues  
in t h e  absence  of W-7. Each va lue  r e p r e s e n t s  the  me a n  ± SEM. The 
control  va lues  obtainc~l wi th  u n t r e a t e d  macrophages  were  8.5, 1.2 and 
2.# nmol/min/108 cel ls  for  t he  PMA-induced,  and  Fc7~/72I~- and  FcTzl~- 
t r igge red  Oz genera t ion ,  r e spec t ive ly ,  and  the i r  c o u n t e r l ~ r t s  of  Ca z +- 
dep le t ed  rnacrophages  were 8.3, 0.6 and 2.# nmol /min / ]06  ce l l s ,  
r e spec t ive ly .  
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Fig.2.  
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Inhibi t ion of  t he  O F - g e n e r a t i n g  r e s p o n s e s  wi th  s t a u r o s p o r i n e .  
U n t r e a t e d  ( O )  and CaZ+-dep le t ed  ( o )  m a c r o p h a g e s  w e r e  incuba ted  wi th  
va r ious  c o n c e n t r a t i o n s  of  s t a u r e s p o r i n e  fo r  5 rain a t  37~, and  then  
s t i m u l a t e d  by PMA (A), and th rough  FcTi/g~.R (13) and  FcTzR (C), a s  
desc r ibed  in METHODS. The  r e su l t s  a r e  e x p r e s s e d  ms p e r c e n t  of  con t ro l  
va lues  in t he  a b s e n c e  of  s t a u r o s p o r i n e .  The con t ro l  va lues  ob t a ine d  
wi th  u n t r e a t e d  m a c r o p h a g e s  w e r e  7.2, 0.79 and 2.2 nmol /min /106  ce l l s  
fo r  t he  P/ViA-induced, and Fc71 /T2R-  and Fc~72 R-  t r i g g e r e d  02 gene ra t i on ,  
r e s p e c t i v e l y ,  and t h e i r  c o u n t e r p a r t s  of  Ca  ~' ~ -dep le ted  m a c r o p h a g e s  w e r e  
7.0, 0.38 and 2.5 nmol /min /106  ce l l s ,  r e spe c t i ve ly .  

therefore, examined the effect of staurosporine on the O 7z-generating 

responses triggered by the FcTRs. The dose-inhibition curves obtained showed 

that all the O ~-generating responses examined were strongly inhibited with 

staurosDorine, but to remarkably different extonts (Fig.2). The IC5 0 values 

indicating concentrations of staurosporine causing 50°.4 inhibition were 7.3, 

#9 and 80 ~ for the responses induced by PMA and those triggered by 

FcT~/T2R and FcT2R, respectively (Table I). Among these IC5 0 values, those 

for the responses induca<l by PMA and triggered by FcT2R did not vary before 

a n d  a f t e r  t h e  C a  2+ d e p l e t i o n .  H o w e v e r ,  t h e  IC~,0 v a l u e  f o r  t h e  P c T , / T z R -  

t r i g g e r e d  r e s p o n s e  w a s  m a r k e d l y  l o w e r e d  f r o m  # 9  t o  t~.7 nM by  t h e  C a  2, 

d e p l e t i o n .  T h i s  c h a n g e  s u g g e s t s  t h a t  t w o  d i f f e r e n t  s i g n a l - t r a n s d u c t i o n  

s y s t e m s  c o u p l e d  t o  FcT t /gglQ,  s u g g e s t e d  b y  t h e  e x p e r i m e n t s  w i t h  W - g ,  d i f f e r  

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

s t a u r o s p o r i n e .  In  t h e  C a  z+ - d e p l e t e d  m a c r o p h a g e s ,  t h e  IC50 v a l u e  o b t a i n e d  

i n d i c a t e s  t h a t  p r o t e i n  k i n a s e  C (19)  m a y  b e  involvc~d in t h e  s i g n a l -  

t r a n s d u c t i o n  s y s t e m  l e a d i n g  t o  t h e  a c t i v a t i o n  o f  t h e  N A D P H  o x i d a s e ,  a s  in 

t h e  c a s e  o f  t h e  P M A - i n d u c e d  s y s t e m .  A c t u a l l y ,  w e  f o u n d  t h a t  t h e  C a  2+-  

Table | .  ICs0 values of staurosporine on the O2-generating responses 

02-generation ~.c~, 0__( nM ) 
Untreated cells CaZ+-depleted ce-lls ..... 

PHA-induced 7.3 + 0.6 6.6 ± 0.7 

Fcyt/yzR-triggered 49 ± 3.3 4 .7  ± 0.8 

FcT2R-triggered 80 + 0.9 83 + 1.5 

Each value was obtained from the results in Fig.2, and represents the 
mean + SEN. 
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d e p l e t i o n  d i d  n o t  a f f e c t  t h e  p h o s p h a t i d y t i n o s i t o l  t u r n o v e r  t r i g g e r e d  b y  

FcTI ]Te, l~ (20) .  T h e  f o r m a t i o n  o f  d i a c y l g l y c e r o l ,  t h e r e f o r e ,  m a y  o c c u r  e v e n  in 

t h e  C a  2 + - d e p l e t e d  m a c r o p h a g e s ,  r e s u l t i n g  in t h e  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.  In a n o t h e r  s y s t e m ,  p r e s u m a b l y  t h e  C a Z + - c a l m o d u l i n  s y s t e m ,  o p e r a t i n g  in 

u n t r e a t e d  m a c r o p h a g e s ,  a c e r t a i n  p r o t e i n  k i n a s e ,  w h i c h  is  l e s s  s e n s i t i v e  t o  

s t a u r o s p o r i n e  t h a n  is p r o t e i n  k i n a s e  C ,  m a y  b e  i n v o l v e d ,  a s  s t a u r o s p o r i n e  is 

k n o w n  t o  i n h i b i t  n o t  o n l y  p r o t e i n  k i n a s e  C b u t  a l s o  o t h e r  p r o t e i n  k i n a s e s  

(21) .  S o m e  s t a u r o s p o r i n e - l e s s  s e n s i t i v e  p r o t e i n  k i n a s e  a l s o  s e e m s  t o  o p e r a t e  

in  t h e  s i g n a t - t r a n s d u c t i o n  s y s t e m  l i n k e d  t o  FcTzl~.  

T h e  r e s u l t s  o b t a i n c x l  s o  f a r  in  o u r  l a b o r a t o r y  h a d  d e m o n s t r a t e d  t h e  

d i f f e r e n t  a b i l i t i e s  o f  F c T z R  a n d  l::c1"t,l'}'zl~ t o  i n d u c e  v a r i o u s  f u n c t i o n s  o f  

g u i n e a  p ig  m a c r o p h a g e s ;  F c T z R  t r i g g e r s  t h e  C a  m o b i l i z a t i o n  (t~), O 

g e n e r a t i o n  (4) a n d  p h a g o c y t o s i s  of  s e n s i t i z e d  s h e e p  e r y t h r o c y t e s  (22) m u c h  

m o r e  i n t e n s i v e l y  t h a n  d o e s  FcTI]T21~,  a l t h o u g h  t h e  n u m b e r  o f  FcT21R m o l e c u l c ~  

p e r  c e l l  is o n e - h a l f  t h a t  o f  Fc~'I/T21~ (22) .  T h e  p h a g o c y t o s i s  of  OA c o m p l e x e s  

o f  lgG a n t i b o d i e s ,  o n  t h e  o t h e r  h a n d ,  h a d  b e e n  f o u n d  t o  p r o c e e d  m o r e  

e f f e c t i v e l y  t h r o u g h  FcT[/T21~ t h a n  Fc~'zt~ (23) .  B a s e d  o n  t h e s e  d i f f e r e n c e s ,  

w e  proIx~sed t h a t  t h e  s i g n a l - t r a n s d u c t i o n  s y s t e m s  c o u p l e d  t o  t h e s e  FcTl~s m a y  

d i f f e r  f r o m  e a c h  o t h e r .  T h e  r e s u l t s  d e s c r i b e d  in t h i s  p a p e r  s u p p o r t  o u r  

p r o p o s i t i o n .  

A c k n o w l e d g m e n t :  T h i s  w o r k  w as  s u p p o r t e d  in p a r t  b y  a G r a n t - i n - A i d  f o r  
S c i e n t i f i c  R e s e a r c h  f r o m  t h e  M i n i s t r y  o f  E d u c a t i o n ,  S c i e n c e  a n d  C u l t u r e  of  
3 a p a n .  
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