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I l l

Abst rac t

E X P R E S S I O N  O F  M U R I N E  Fc R E C E P T O R S  F O R  IgG

by

R o n d a  E. Schre ibe r  

Advisor:  P ro fe ssor  Jay  C. U nke le s s

T h e r e  are  two distinct  genes  encoding nnirinc low affinity Fc recep to rs  tor 

IgG (F c 7RII) ,  m u F c 7R I L  an d  m u F c 7R IU ,  which are  t ransc r ib ed  in specific cell 

l ineages.  F c 7R I L  t ranscrip ts  a r e  p re sen t  in m acr ophages ,  NK cells, and mesangia l  

cells; F c7RII/j t ranscrip ts  ar e  expressed in F c 7R -b ca r i ng  lymphocytes  and 

m ac rophag es .  A  sandwich enzyme-l inked i m m u n o s o r b e n t  assay (E L I S A )  was devised 

to quant i fy  the  p re d ic ted  F c 7R I L  protein.  T h e  ELIS A is specific for Fc7R I L ,  and 

d oes  not de tec t  the  closely re la ted  F c7R1L prote in .  U p o n  s t imula t ion with lFN-> 

o f  the  F c 7R I L - n e g a t i v e  m a c r o p h a g e  cell line, J774a cells expressed e n h a n c e d  levels 

of  F c 7R I L .  Per i tonea l  m a c ro p h a g es  synthes ized varying am o u n t s  of  F c 7R I L .  High 

levels o f  F c 7R I L  w e re  ob se rv ed  in resident  an d  th ioglycol la te-el ici ted per i toneal  

m acrophages ,  but no  Fc7R I L  was det ec ted  in Bacil lus C a lm e t t e  G u e r in  (B C G )-  

el ici ted m acrophages .  J774a cells s t imula ted  wi th rIL-fi b ound  roughly  2-fold more  

an t i -F c7RII  m A b  2.4G2 IgG than  uns t imula t ed  controls.  How ever ,  the F c 7R I L -  

specific E L I S A  showed no change  in the  a m o u n t  of  F c 7R I L  expressed.  A p robe 

encom pass in g  the  ext racel lu lar  coding seq u en ce  of  F c 7R I L  hybr id ized to two distinct 

t ranscr ip ts  tha t  w e re  e l eva ted  in r IL-6-s t imula ted  J774a cells. O n e  o f  these
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t ranscr ip ts  h ad  the  s am e  mobi li ty in e lec t roph ores is  as F c 7RIIo ,  w h e reas  the o the r  

t ranscr ip t  was  larger.  Since it was  conf i rmed,  with an Fc7RII/»-specific probe,  that 

J774a  cells d o  not  m a k e  F c 7RII^ m R N A ,  the  larger t ranscr ip t  must  encode  a novel 

F c 7RII.  It is likely that  the  increased  level o f  b inding of  the a n t i -F c7R l l  m A b  2.4(72 

to r IL-6- induced cells r ep re sen t s  t rans la t ion  of a F c 7R dist inct  f rom F c 7R I F  or 

F c 7R I b .  T h e  exis tence of  such a re cep to r  in t roduces  fu r th e r  complexi ty to the 

h et er ogen ei ty  of  the m uri ne  F c 7R family.
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VI. I N T R O D U C T I O N

1

R e c e p t o r s  for the  Fc por t ion  o f  IgG ( F c 7R) are  im por t an t  m ed ia to rs  of 

i m m u n e  funct ion.  F c 7R ’s ar e  expressed on m ac rophag es ,  p o ly m o rp h o n u c lea r  cells 

( P M N ’s), NK  cells, mesangia l  cells, platelets,  and B and T  cells ( r eviewed  in 

Unkeless ,  1988, 1989). Several  di f ferent  F c 7R ’s have b e e n  desc r ib ed  in bo th  h u m a n  

and  m ouse  systems (Unk eless ,  1988,1989).  Upon  activation,  F c 7R ’s on m acr o p h ag es  

and  neu tro phi ls  m ed ia t e  a var ie ty o f  functions,  such as phagocytosis  and ant ibody- 

d e p e n d e n t  cell cytotoxicity (A D C C ) ,  as well as the  sec re t ion of  lysosomal  hydrolases,  

react ive oxygen metabo l i te s  and  inf l ammato ry  med ia t o rs  (Na than .  1980a). Ig 

synthes is  by B cells is regula ted  by soluble  F c 7R ’s re leased  f rom monocy tes  and T  

cells (Gis ler ,  1975; Neupor t -Sates ,  1977,1979; Calvo,  1986). F c 7R on B cells 

inf luences  B cell t rans format ion (Parker ,  1983,1984,1985).

A. F c tR  Funct ion

I. H u m a n  F c 7R ’s

T h e  family o f  h u m a n  F c 7R ’s consists of  thr ee  types of  m e m b e r s  (Unkeless ,  

1989) (T ab le  1). H u F c 7RI is expressed as a 72,000 dal ton  pro te in  on both 

m ac r o p h ag es  and  monocytes  and  binds  m o n o m e r i c  h u m an  IgG and mur ine  IgG2a 

wi th high avidity (K a = 1-3 x 10* M ') (H u b e r ,  1971). H u F c 7RII (CD32) .  a 40,000 

D a l to n  prote in ,  is foun d on monocytes ,  platelets,  neut rophi ls ,  B cells, and the K562 

cell l ine (Te t t e ro o ,  1987) and  binds  IgG complexes  with low avidity (Ka = ~  2 x 10e 

M '1 (Jones ,  1985). F c 7RII  is highly po lymorphic  and is e n c o d e d  by three  distinct



genes.  F c 7RIII  (C D16) ,  which binds h u m a n  IgG 1 and lgG3  with a Ka ~  5 x 10' M' 

' is expressed on m acrophages ,  NK cells, neut rophils ,  eos inophi ls,  an d  on som e  T  

cells (Te t t e ro o ,  1987). T h e  m o lecu la r  weight of  F c 7RIII  differs wi thin and bet w een  

cell types on  which it is expressed,  as will be d iscussed in this section.

T a b le  1 HUMAN Fc7R FAMILY

L igand and affinity G ene D istr ibution

Fc7RI H igh avidity
Ig G l  > IgG3 > IgG4 > > lgG 2

M o n o c y te s /M a c r o p h a g e s

Fc7RII Low avidity
Ig G l  > IgG2 >

F c 7R I la  
IgG4 > > lgG 3

M o n o c y te s /M a c r o p h a g e s  
N eu tro p h ils ,  L eukem ia

F c7R IIa ’ M onocytes ,  R ce lls ,  
N eu tro p h ils ,  P lacen ta

F c7RIIb M on ocytes ,  B ce lls ,  
N eu tro p h ils ,  
L y m p h o id /M y e lo id  ce l ls  
P late le ts

Fc7RIII Low avidity Fc7RIII1 N eu tro p h ils

I g G l ,  IgG3 Fc7R 1112 N K  ce lls

•> M a cro p h a g es  
E o s in o p h ils  
T  c e l ls  (so m e)
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B ecause  the s a m e  cell types express  d i f ferent  forms  of h u m a n  F c 7RII and 

F c 7RIII ,  funct ions  m e d ia t e d  by these  receptor s  can not be a t t r i b u t ed  to tin individual 

F c 7R at this t ime.

F c 7R I  m ed ia t e s  A D C C  in monocytes .  G r a z i a n o  and Fan g er  (1987) 

d e m o n s t r a t e d  that  m ye lom as  bea r in g  an t i -h i iFc7RI  or  an t i -F c7RII m A b s  ar e  targets 

for A D C C  by monocytes .  M ore ove r ,  IFN--, t r e a tm e n t  of  U937  monocvt ic- l ike  cells 

resul t ed  in e n h a n c e d  cytotoxicity by m ouse  lgG2a.  which,  of  till the mouse  isotvpes. 

b inds  most  avidly to F c 7RI (Akivama,  1984). O n  the o t h e r  hand,  this re cep to r  

probab ly  does  not  play a s ingular role in m ed ia t in g  A D C C .  C e u p p e n s  et al. (1985) 

r e p o r t  tha t  a family of  four  individuals  express  m ono cy tes  w hich are  incapab le  of 

b inding IgG 2a  with high avidity. Ho we ver ,  these peop le  mai n ta in  a normal  capaci tv 

to fight infection,  suggest ing that  o t h e r  m e ch a n i sm s  ar e  ca p ab le  of  med ia t ing  A D C C .

T h e  neu troph i l  Fc7RII also m ed ia te s  A D C C .  U p o n  IFN--, t r e a tm e n t  of 

neu trophi ls ,  the  cytotoxic potent ia l  o f  this r e cep to r  is en h a n c ed ,  a l tho ug h the 

lymphokine  does  not  induce  express ion o f  F c 7RII  (G raz i a n o ,  1985).

F c 7RII  m ed ia t e s  phagocytos is by neu trophi ls ,  as d e m o n s t r a t e d  by Hu iz inga et 

al. (1989).  F u r t h e r m o r e ,  these inves tigators suggest that F c 7RIII .  also expressed on 

neut rophi ls ,  is not  re q u i r ed  for phagocytos is ,  since there  was equ a l  inhibit ion of 

phagocytosis  by cells t r e a t ed  wi th an t i -F c7RII ant ibody or  an t i -F c7RII ant ibody  in 

co m b in a t io n  wi th an t i -F c7RJII ant ibody.  O f  the two F c 7R ’s expr essed on neutrophi ls  

( F c7RII  and  F c 7RIII ) ,  F c 7RII  plays a m aj o r  role in m ed ia t i n g  sup erox ide  re lease  by 

thes e  cells. Tosi  and  col leagues  have shown that  expo sure  o f  neutrophi ls  to e las tase
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causes  r e d u ced  express ion of  F c 7RIII ,  hut not F c 7RII (Tosi.  1988). They found that  

O ' ,  p ro d u c t io n  is not  inhibi ted  u n d e r  these condi t ions ,  w he re as  a 79% d ec rea se  in 

IgG- ind uced  0~3 re lease  is observed  u p o n  inhibit ion  o f  F c 7RII with an t i -F c7RII m A h  

1V-3. T h e  re la t ive im p o r tan ce  of  F c 7RII  versus  F c 7RIII  in t riggering the neu tro ph i l  

oxidat ive burs t  was also observed  by Hu iz inga et al. (1988). T hey isolated  

neu troph i l s  f rom pat i ent s  with paroxysmal  nocturnal  hac moglobinu r i a .  T he  

neu trophi ls ,  which we re  devoid  of F c 7RIII,  we re  able to med ia te  normal  re lease ot 

O Y

Cross l inking of  e i ther  F c 7RII or  F c 7RI on monocytes  also t riggers the

oxidat ive burs t  (A n d e r so n ,  1986). In these studies,  superox ide  was g e n e ra t e d  In

aggregat ion o f  F c 7RII or  F c 7RI with F (ab ' )2  f ragmen ts  of  e i ther  murin e  ant i-I  c7RII 

m A h  IV-3 o r  an t i -F c7RI  m A h  32, respectively,  and  an t i -m urine  IgG. Pfef fcrkorn  and 

F a n g e r  (1989) con f i r med  these findings with respect  to F c 7RI,  and also showed  that 

in o r d e r  for 0 ' 2 to be cont inuously  g en e ra ted ,  F c 7RI must  be  crossl inked wi th l igand 

at subsat u ra t i ng  concent ra t ions .  Satu ra t ion o f  re cep to r  with l igand resul ted  in a 

t rans ien t  burs t  o f  0 " ,  re lease.

T h e  monocyt ic  F c 7R !l  is also  im p o r tan t  in m ed ia t ing  a specific T  cell

prol i fera t ive  response .  Studies  by Loon ey  and col leagues  (1986) revealed  that this

re spo nse  is el ici ted  by the  crossl inking of an t i -C D 3  an t ibody to C D 3  on T  cells via 

the  m o nocy te  F c 7RII.  Th is  T  cell re spon se  is not  obse rved  in all individuals,  

h ow ever  (Tax,  1983; C lem en t ,  1985; A n d e r so n ,  1987). This  is due  to a s t ructura l  

p o lym orp h i sm  in which the  F c 7R I I ’s o f  n o n - r e sp o n d e r s  an d  re spon de rs  exhibit
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dist inct  i soelec tr ic  focusing p a t t e rn s  (A n d e r so n ,  1987). This pol ym orph i sm  was 

recent ly  found  to be  highly complex,  (Brooks ,  1989) as desc r i bed in detai l  later  in 

this section.

F c 7RIII  (C D 1 6 )  is also polymorph ic ,  with regard  to funct ion anti st ructure.  

NK  cells an d  m a c ro p h a g es  express  a t r a n s m e m b r a n e - a n c h o r e d  form of  F c 7RIII .  In 

contras t ,  F c 7RIM on neut rophi ls  is a n c h o red  to the m e m b r a n e  via a glycan 

phosphat idyl inos i to l  (CiPl) l inkage (Selvaraj .  1988; Huiz inga,  1988; Ravetch.  1989; 

Scallon,  1989; U e d a ,  1989). H uizinga (1988) re p o r t e d  that  s t imula t ion of  neu trop hi ls  

wi th the  che m o ta c t ic  pep t ide  formyl -methionyl- leucyl-phenyla lanine  results in re lease 

o f  F c 7RIII  f rom  the  neutroph i l  m e m b r a n e ,  suggesting that  this form of Fc^RIII is 

s t imula te d  in re spon se  to infection.

Po ly m orph is m s  of  Fc7RIII  also exist wi thin cell lines. T h e s e  forms have been 

identi f ied by S D S - P A G E  analysis of  the core  proteins.  T w o  recep to r  types are  

d is t inguishable  on neut rophi ls  (19 K D a  and 21 K D a )  and  NK cells (20 K D a  and 24 

K D a )  (W e rn e r ,  1986; Edberg ,  1989). T h e  p a t t e rn  of  re cep to r  express ion on 

neu tro ph i l s  co r re la ted  with NA1 and N A 2 al lotype marker s ,  w h e reas  both  the 20 

K D a  and 24 K D a  F c 7RIII types we re  expressed on N'K cells, regardless  of  the 

al lotype.  O n  the  contrary,  cu l tured m on ocytes  express  only one  species of  Fc^RIII.

F c7R III  p re sen t  on  N K  cells a p p e a r s  to be im por t an t  in med ia t ing  NK cell 

cytotoxicity, since l igand occup at ion  of  the  r e cep to r  results in e n h a n c e d  lytic ability 

o f  the  N K  cells (Anegon ,  1987). T h e s e  inves t igators found that  occupa t ion  of  

F c7RIII  wi th l igand induced t ransc r ip t ion of  in ter leukin  2 recepto r ,  IF N - t, and T N F ,
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all o f  which ac t ivate  N K  function.

F c 7RIII  on  m ac r o p h ag e s  in the sp leen  and K up p fe r  cells in the liver are  

p robab ly  the  p r im ary  r e cep to r  responsible for c l ea rance  of  large im m u n e  complexes.  

C larks on et  al. (1986a)  d em o n s t r a t e d  in ch im p an z ees  tha t  the anti-Fc-, RIII m A h 3(18 

inhibi ted in vivo c lea rance  of  au to logous  erythrocytes  coa te d  with ant ibod y  di rec ted 

agains t a m in o r  b lood g ro up  ant igen.  M A b  3 G 8  has  been  tes ted  as a potent ial  

th e ra peu t i c  t r e a tm e n t  for individuals  with im m u n e  thrombocvt ic  pu rpura ,  a d isease 

in which pat i en t s  exhibi t  high levels of  ant i -p la te le t  ant ibody Clarkson,  1 6 8 6 b ) .  

T r e a t m e n t  of  o n e  pa t i en t  resul ted  in a d ra m a t ic  rise in p late le t  levels, which 

r e tu rn ed  to no rm al  levels within 2 weeks.  A less d ra m a t ic  response  to secondarx 

t r e a tm e n t  wi th m A h  3 G 8  in this pat i ent  may be due to the synthes is  o f  ant ibodies  

agains t m uri ne  IgG.  Such a response  may be  a ser ious  l imi tat ion in using 3G 8  as 

a t h e rap eu t i c  t r e a tm e n t .  Fc7RIII  expressed on m ac r o p h ag es  m ed ia t e s  ant ibody-  

d e p e n d e n t  e n h a n c e m e n t  o f  H I V  infection (Homsy,  1989). O f  the  m acrophage  

F c 7R ’s , this function is l imi ted to Fc7RIII,  since ant ibodies  which bind Fc ,RI II ,  b u t  

not F c 7RI  o r  Fc7RII  inhibit  the  e n h a n c e m e n t .  Ho we ver ,  the au tho rs  suggest  t h a t  

e n h a n c e m e n t  of  H I V  infection is also m e d ia t e d  by a di fferent F c 7R on Cl)-T 

lymphocytes ,  b ecau se  IgG aggregates ,  but  not  an t i -F c7RIII  an t ibody could  inhibit  the 

function.

Soluble  F c7R ’s have  b een  det ec ted  by several  investigators,  a l though their 

b iochemical  cha rac te r i za t ion  is still incomplete .  T h e  h u m a n  monocyte- l ike  cell line. 

U937, was  shown to re lease  a  soluble F c 7R which inhibi ted B cell IgG synthesis



(Calvo,  1986). In addit ion ,  a soluble F c 7R h as also  b ee n  isolated f rom h u m a n  serum.  

Th is  soluble r e ce p to r  also inhibits IgG p roduc t ion  in vitro (S andor ,  1986).

II. M uri ne  F c 7R ’s

T h e  family o f  m ur ine  Fc7R ’s is co m pri sed  o f  several  m e m b e r s  (Ta ble  2). 

F c 7RI,  expressed on  m ac rophag es ,  b inds  m o n o m e r i c  m uri ne  I g G 2 a  and h u m a n  Ig Gl  

with high avidity (K a = 1 x 1 0 ’ M '), in addi t ion  to im munog lobu l in  aggregates ,  and 

is t rypsin-sensit ive (Unke les s ,  1977). F c 7R H ’s, which ar e  t ryps in-resis tant ,  bind IgG 

com plexes  with low avidity (Ka = 1 x 106 M ' 1) (Unk eless ,  1977; D iam o n d ,  1980). 

F c7R IU  is expressed on m ac roph ages ,  mesangia l  cells, NK cells, and  B and T  cells. 

B and  T  cells express  both  F c7RIU 1  and F c 7R IU 2 ,  however ,  m ac r o p h ag es  only 

synthes ize F c 7R I U 2  (Ravetch,  1986,1989; Sant iago,  1989). A thi rd Fc7R, m u F c 7RIII.  

which binds m uri ne  IgG3 aggregates ,  has  b e e n  ident i fied  on  m ac r o p h ag e s  by 

D i a m o n d  (1981).  Finally, the  p resen ce  of  a soluble  form of a m u F c 7R isolated  from 

T  cells and B cells has  been  re p o r ted  by several  labora to r ie s  (Giz ler ,  1975; l .oubc.  

1988; Pure,  1984; Khayat ,  1984).

T h e  n u m b e r  o f  r e cep to r  si tes for the individual  r e cep to rs  has  not been  

d e t e r m in e d ,  since an t ibod ie s  specific to the individual  n n i F c 7R to not exist. 

H oweve r ,  U nke le ss  (1977) m eas u r ed  the b inding o f  IgG to F c 7R on the m ac r o p h ag e  

line, J774,  and  found that  ther e  ar e  200,000 binding  sites for m o n o m e r i c  lgG2u.  

w h e rea s  there  are  roughly 800,000 binding sites for IgG com plex es  on  the s am e  

isotype.
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T a b le  2 M URINE Fc7R FAMILY

L igand G en e D istr ibution

F c 7RI H igh  avidity  
IgG 2a

M a cro p h a g es

F c 7RII Low avid ity  F c7RIIa 
IgG 2a, IgG 2b, Ig G l

M a cro p h a g es  
N K  cells ,  
M esa n g ia l  ce l ls

F c 7RlI/»l B cells ,  T  ce l ls

Fc7RII/i2 B c e l ls , .T  ce lls  
M a cro p h a g es

Fc7RII? M a cro p h a g es ,  ?

F c 7RIII IgG 3 Fc7R? M a cro p h a g es ,  ?

As is t ru e  o f  the  h u m an  Fc7R family, m ur ine  F c 7R ’s m ed ia t e  a var ie ty of  

ce l lular  responses .  It is no tewor thy  that  the funct ional  s tudies o f  m u r in e  F c 7R ’s 

r e p o r t e d  to d a te  have not  e l ucida ted  the  specific roles of  the  individual  m u F c 7R. 

Thi s  ambigui ty  is due ,  in par t ,  to  the  mul tipl ici ty of  genes  en co d in g  th e  d i fferent  

F c 7R.

M u r in e  m a c r o p h a g e  F c 7R ’s m e d ia t e  phagocytos is .  R a l p h  et al. (1980) 

r e p o r t e d  that  phagocytos is is s t imula te d  by all classes o f  IgG  o n  the  mouse  

m ac ro p h a g e .  T h e s e  results,  however ,  d o  not  e luc idate  which F c 7R (s )  m e d i a t e  this



9

function,  since F c 7RI,  F c 7RII<>, F c 7R I L 2 ,  and  F c 7RIII ,  a r e  coe xpres sed  on t h e  

m ac ro p h a g e .  M o re  recently,  W ein schan ck  (1988) r e p o r t ed  that  IFN-- ,- t reated  

m ac r o p h ag es  that  expressed induced levels o f  m u F c 7R I L  m R N A ,  also exhibi ted  

e n h a n c e d  phagocytosis.  T h es e  d a t a  suggest  tha t  m u F c 7RHa m ed ia t e s  phagocytos is .  

T h e  s tudies d iscussed in the  previous  section by M ie t t in e n  (1989) indicate t h a t  

F c 7R I L 2  also m ed ia t e s  endocytos is  o f  IgG complexes,  since r ecep to r- minus  C h i n e s e  

h am s te r  ovary cells t ransfected  with Fc7RIIo2 e x h i b i t  i n t e r n a l i z a t i o n  of im mune 

complexes  into lysosomes.

Initial s tudies  dem o n s t r a t in g  the role o f  mur ine  m a c r o p h a g e  F c ,R 's  in A D C C  

were  p e r fo rm e d  by C er ro to n i  et al. (1974).  N a th a n  et al. (1979a,b)  inves t igated  the 

m ech a n i s m  of  this cytotoxicity,  and found that  is was m e d ia t ed  by H ?0 ?, re leased  In 

the  ac t ivated  macro phages .  Thi s  cytotoxicity was la ter  shown to be  m ed ia ted  In 

F c 7RII (N a th an ,  1980b). In these expe r im ent s ,  ext racel lu lar  lysis by act ivated 

m ac r o p h ag es  of  t u m o r  cells coa te d  with hom ologous  an t ibody  was invest igated.  

N a th a n  an d  col leagues  show ed  that  A D C C  m e d ia t ed  by B CG -e l i c i ted  m acr o p h ag es  

was  inhibi ted  7 0 %  by m A h  2.4G2,  an an t ibody specific for m u r in e  F c 7RII molecules .  

M ore  recent ly,  Peruss ia  et  al. (1989) re p o r te d  that  A D C C  of  an t ibod v-coa ted target 

cells is m e d ia t ed  by F c 7RI!-bea r in g NK cells, since m A h  2.4G2 inhibi ted this effect. 

Since F c 7R I I a , but not  F c7R I I p m R N A  is d e tec ted  in NK cells, e i ther  Fc7RII> or 

s o m e  othe r ,  as yet  unident i f i ed  F c 7RII  m ed ia t e s  A D C C  by NK  cells. Likewise,  

Kuziel  an d  T u c k e r  (m anusc r ip t  in p re p a ra t i o n )  have shown that  m uri ne  dendr i t ic  

e p id e r m a l  cells, in which Fc7R I L  t ranscrip ts  a r e  uniquely expressed,  m ed ia t e  A D C C .



10

A n o t h e r  func t ion m ed ia t ed  by F c 7R is the  re lease  o f  a r ach id o n ic  acid (20:4) 

m etabo l i te s .  T h ese  in f lammato ry  med ia t o rs  include pros tagland in  (H um es .  1(),S0) 

an d  l euko t r i ene  ( R o u ze r ,  1980a).  S tudies  p e r f o r m ed  by Bonnev  et al. (1978, 1979) 

s howed  that  b inding o f  im m u n e  complexes  to m o u se  per i toneal  m a c r o p h a g e s  induced 

p h o sp h o l ip ase  activity. This leads  to the  oxygenat ion of a r ach idon ic  acid via the 

cycloxygenase and  l ipoxygenase pathways  (Bonney,  1978, 1979; R o t i / c r .  1980b). 

resul t ing  in the fo rma t ion  of  pros tag land ins  and  leukotr ienes,  respectively.

F c 7RII expressed on B cells are  impo r t an t  regula tory molecules .  Phillips and 

P a rk e r  (1983, 1984, 1985) have d em o n s t r a t e d  that  B cell b las togenesis  is inhibi table 

by co n c u r re n t  occupat ion o f  m e m b r a n e  IgM (or IgD)  and F c 7R. Th is  inhibit ion 

re qui res  bo th  m e m b r a n e  prote ins  to be occupied,  however ,  since t r e a t m e n t  of  cells 

with an t i - IgM (or  an t i - IgD)  an t ibody F ( a b ’2) induces  b las togenesis .  Inhibi t ion  of 

b las togenesis  was b locked  with m A h  2.4G2,  d em o n s t r a t i n g  that  F c 7R must  be 

occupied  by l igand for the  an t i - IgM-induced inhibit ion of b las togenesis  to occur.  

Th i s  p h e n o m e n o n  was  co nf i rmed  by Schad and  Ph ipps  (1989),  w ho  n o ted  that  B cell 

m i togenesi s  was  inhibi ted  by s im u l t an eous  occup at ion o f  Ig an d  F c 7RII with 

m o n o m e r i c  ligands.

A  soluble  F c7R orig inat ing f rom LPS-induced but not u n in d u ced  mouse  

splenic B cells was desc r ib ed  by Pure  et al. (1984).  This  soluble  re cep to r  was 

react ive  wi th  m A h  2.4G2,  indicating that  it is a m e m b e r  of the  F c 7R !l  subfamily of 

m u r in e  F c 7R ’s. In addi t ion ,  they and  other s  (Khayat ,  1984) i so la ted a soluble  F c7RI1 

in n o rm al  m o u s e  ser um,  as ident if ied by its reactivity with m A b  2.4G2.



Soluble Fc7R ’s der ived f rom T  cells are  p r e s u m e d  to act as regula to rs  of 

ant ibo dy  p ro d u c t io n  by B cells. F r id m an  et  al. initially i so la ted a soluble  F c 7R 

sec re ted  by a l loant igen-ac t ivat ed  mouse  T  cells (Gis lcr ,  1975). This soluble re ceptor  

inhibi ted  the  produc t ion  of  Ig by m ouse  spleen cells. A s imilar  soluble factor with 

the sam e suppress ive function was i solated f rom L5178Y th y m o m a  cells as well as 

an F c 7R-posi t ive T  cell c lone  (Ncupo r t -S au tes ,  1977, 19 79 ) .  Analysis of  the T  cells 

revealed  that  soluble Fc7R could be induced bv t r ea tm e n t  of  cells with Ig. T h e  

specificity o f  the soluble F c 7R was d e p e n d e n t  upo n  the  Ig used for induct ion.  When  

I g G l  was  used as  the T  cell s t imulant ,  ro sc t te - fo rm at ion of IgGl-seni s i t ized 

erythrocytes ,  but  not IgG2a or IgG2b-sensi t ized erythrocytes  was inhibi ted by the 

i solated  im munog lobu l in  b inding factor.  O n  the o the r  hand,  wh en  'I' cells were 

s t imula te d  with IgG2a,  a factor was sec re ted  from the  cells which specifically 

suppressed erythrocyte  rose t te  fo rmat ion on IgG2a or  Ig G 2b-bea r in g  spleen cells, but 

not  I g G l - b e a r i n g  spleen cells, e ry throcytes (Lowty,  1983).

B. F c 7R s t ructure

I. M u r in e  F c 7R ’s

T h e r e  are  th ree  m u F c 7RII t ranscripts  en co d ed  by two distinct  genes ,  F c 7RIL  

an d  F c7R I I o (Rave tch ,  1986; Hibbs ,  1986; Lewis,  1986). All three  t ranscripts  have 

b e e n  t rans fect ed  and  expressed in F c 7R-negat ive  cell l ines an d  have been  shown to 

en c o d e  F c 7R II  molecu les  which bind I g G l / 2 b / 2 a  im m u n e  complexes  (Ravetch,  1986; 

Wein schanck ,  1988, Miet t inen ,  1989). T h e  ce llular  d ist r ibut ions  o f  Fc7R I L  and 

F c 7R I L  m R N A  are  distinct.  W h e re a s  the F c 7IIRo t ranscr ip t  is expressed in



m acrophag es ,  N K  cells, and  mesangia l  cells (Ravetch .  1986; Sant iago,  1989; Pcrussia.  

1989), the  F c 7RII*> t ranscrip t  is synthes ized in m a c ro p h ag es  and B and  T  cells. 

T h e r e  are  two t ranscr ip ts  of  the Fc7R I F  gene:  T h e  Fc7RII/>2 t ranscript  is pre sen t  

in m acrophages ,  as well as lymphocytes  and lymphoid  cell lines, w h e reas  the 

F c 7R I b l  t ranscr ip t  is found only in lymphocytes  an d  lymphoid cell lines (R avetch,  

1986).

Al though  t ranscrip ts  for the m u F c 7RII<» and m u F c 7RIIe genes  have been  

isolated,  the  t rans la ted  prote ins  have only been  indirectly de t ec t ed  by the binding of 

IgG complexes  or  m A h  2.4G2 to F c 7R I L  and F c 7RII^ t ransf ected  cell l ines (Ravetch,  

1986; W e inschanck ,  1988). Analysis of  trypt ic pep t ides  i solated f rom F c7R1I from 

S49.1 cells d isclosed a m in o  acid ident ity b e tw een  tryptic f r agm ent s  f rom the pur if ied 

F c7R and the  s eq u en ce  d e d u c ed  from the m u F c 7R I F  c D N A  (Pan,  1987); however ,  

no  a m in o  acid analysis o f  the nat ive F c 7RIlo prote in  has been  repor t ed .

T h e  s t ructure s  of  all three  F c 7RII ' s  are  distinct,  a l though they exhibit  m a rk e d  

homology  to  each  o th e r  (F igure  1). Based on thei r  c D N A  sequences ,  the predic ted  

a m in o  acid s eq u e n ces  of  the  ext racel lu lar  dom ains  of  F c 7RIl« and F c 7R I b  are  9Sf.f. 

homologo us ,  an d  ar e  c o m p o s ed  o f  two re p ea t ed  Ig-like dom ain s ,  e ach  conta in ing two 

N-linked glycosylation sites and  two cysteine residues,  which form in t rachain  disulfide 

bonds  (Qu,  1988). T h e  t r a n s m e m b r a n e  dom ains  of  both  F c 7R I L  and  F c7RII.  are  

p r e c e e d e d  by a ser ine  an d  threonine -r i ch  region.  No  homology exists, however ,  

b e tw e e n  the  l e ad e r  sequences ,  the  t r a n s m e m b r a n e ,  an d  the cytoplasmic  d om ains  of 

F c7R I L  an d  F c 7RII/i. T h e  t r a n s m e m b r a n e  do m ain  of  F c7R1L is noteworthy for
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conta in ing a  negatively ch a rg ed  as pa r ta te .  T h e  cytoplasmic  d o m a i n  of  F c 7R I F  is 

shor t  and basic,  consisting o f  26 a m in o  acids.  T h e  s eq u e n ce  encod ing the 

in t racytoplasmic  d o m a in  of F c 7R l Io l  is com pri sed  of 92 a m i n o  acids,  and is acidic. 

T h e  F c 7R I b 2  sequence  is ident ical  to F c 7RIIfl l ,  wi th the except ion of  a 49 am ino  

acid inser t ion  presen t  in the  cytoplasmic  region of  F c 7RII/* 1, which is absent  in 

F c7RII*2.
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F ig . l .  S tructure  o f  the  F c7R c D N A ’s o f  m a cro p h a g e  and  T  cells .  T he genes
Fc7RIFo and  F c 7RIIfl are  95% h o m o lo g o u s  in the ir  ex trace llu lar  
d o m a in s  (E-C ). Fc7R IIa1 and  Fc7RII/>2 are  a ltern ative ly -sp liced  
tran scr ip ts  e n co d ed  by the  Fc7RII/j gene. They are  id en tica l  except in 
their  cy top lasm ic  d o m a in  (C ) ,  w here  there  is a 1 38-n u c leo t id e  insertion  
present in the Fc7RI1/»1 seq u en ce  w hich is absent in the F c7UIl/i2  
sequence.
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M u F c ^ R I L  shares  homology with several  receptors .  It is most  ho mologous  

to h u m a n  F c 7RIII  (S immons,  1988), wi th which it shar es  6 2 %  nucleot ide  and 62% 

a m i n o  acid s eq u en ce  homology. T h e  two recep to rs  ar e  most  similar  in their 

t r a n s m e m b r a n e  do main s ,  w h e re  there  is 8 1 %  homology,  inc luding f lanking reg iom 

su rround ing  the  conserved  cha rg ed  aspartyl  group.  T h e  t r a n s m e m b r a n e  d o m a in  of 

m u F c 7R I L  is also hom ologous  to tha t  of  the high affinity rat  basophi l ic  F c ,R .  T h ese  

two seq u en ces  share  an identical  s tretch  o f  8 a m in o  acids s u r ro und ing  the conse rved  

a s p a r ta t e  residue.

Fc r e cep to r  for IgE ( F c , R I )  may help e lucidate  the s t ructure  anti function 

of F c ,RI Ia .  C o m p ar i s o n  of the p red ic ted  F c 7RII<» p ro te in  an d  the a subuni t  of  F c fRI 

reveals an  overal l  nucleic acid homology  of  4 9 %  with 3 2 %  a m i n o  acid identity 

(Kinet ,  1987). T h e  two a reas  of  greates t  homology b e tw een  the two prote ins  are  the 

N H j - t e rm in a l  region,  w he re  there  is 7 1 %  a m i n o  acid homology,  an d  the 

t r a n s m e m b r a n e  domain ,  in which there  is an ident ical  s tretch  of  8 a m i n o  acids 

su r ro und ing  a c o m m o n  a s p a r t a te  res idue  be tw een  the two genes.  I c ( RI is a 

mul t i subun i t  s t ructu re  which consists of  the l igand-binding,  m e m b r a n e - s p a n n i n g  <, 

subunit ,  and  th ree  addi t ional  subuni ts  (M etzger ,  1986). T h e s e  lat ter  subuni ts,  1 p 

and  2 d isulf ide- l inked 7 proteins,  are  not exposed  at the  cell surface.  All three  

subuni ts  are  physically associa ted  and ar e  requ ired  for l igand binding (Miller .  |9S9g 

T h e  t r a n s m e m b r a n e  d o m a in  of  the  o chain  is o n e  region which may associa te  with 

the  0 and  7 subuni ts  by e lec t ros ta t i c  in terac t ions  with the  ch a rg ed  aspartyl  group.  

Since the  t r a n s m e m b r a n e  d o m a i n  of  F c^ R IF  is hom o lo g o u s  to the m e m b r a n e -
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spann ing d o m a in  of  F c t RI,  the  mul t i -snbuni t  F c (RI complex is a su i table  par ad igm  

for analyzing the  s t ructu re  and  function of  F c 7RII<». Indeed,  R a  (198b) recent ly 

r e p o r t ed  that  the  i subuni t  o f  the  F c fRI  complex associa tes  wi th F c 7RIIo.

T h e  ex t r e m e  s t ructura l  d i f ferences  b e tw e e n  the  cytoplasmic  an d  t r a n s m e m b r a n e  

do m a in s  of  F c 7RIIa an d  F c 7R I U  suggests tha t  the  two recep to rs  funct ion distinctiv ely. 

T h e  un usual  p re sence  of  a charged  a s p a r t a te  res idue  in the p re d ic ted  t r a n s m e m b r a n e  

d o m a in  of  F c 7RII»,  but  not F c 7R IU ,  suggests that  the two recep to rs  m a v  i n t e r a c t  

different ly wi thin the m e m b ra n e .

Analys is of  t ransf ected  F c 7R ID 1  and F c 7R I U 2  funct ion by M ie t t in cn  ct al. 

(1989) d isclosed an  im p o r tan t  re la t ionship  b e tw een  the s t ructure  o f  the  Fc^RII.  1 and 

F c 7R I U 2  cytoplasmic  do m a in s  and  their  function.  T hey  found that  Fc^RII.  2. but no t  

F c 7R I I o l ,  m ed ia t e s  endocytos is  of  l igand by Chinese h am s te r  ovary cells and 

su b seq u e n t  fusion to lysosomes.  Appa ren t ly ,  F c 7R I U 2  possesses  a d o m a in  requ ir ed  

for del ivery to coa te d  pits which is in te r ru p te d  by the  46 a m i n o  acid  insert  in the 

cytoplasmic  d o m a in  o f  Fc7R IU 1 .

T h e  l igand binding do m a in s  of  F c 7R ’s recognize  d i fferent  ep i to p es  on lgG2a 

and Ig G 2b  ( D ia m o n d ,  1985). Using cyanogen  b ro m id e  f r agm en ts  of  the'w 

ant ibodies ,  it was  d em o n s t r a t e d  that  o n e  f r agm en t  f rom the C M2 d o m a i n  of  lgG2b 

b o u n d  m a c r o p h a g e  F c 7RII,  w h e rea s  a f r agm en t  f rom both  the  C H2 and the C„3 

do m a in s  o f  IgG 2a  b o u n d  F c 7RI.  T h e  C„2 f r agm en t  of  Ig G 2b  did  not  inhibit  the 

b inding of  the  C M2 fr ag m en t  o f  IgG2a.  T h e  C H3 f r agm en t  of  IgG 2a  e n h a n c e d  the 

b inding o f  the  C„2 f r agm en t  of  lgG2a .  T h es e  com pe t i t ion  s tudies suggested  that  the
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Ig G2a f r agm en ts  w e re  b ind ing  to  a d i fferent  r e cep to r  th an  we re  the IgG2b  

f ragments .  Binding  of  the  IgG2a  f r agm ent s  was inhibi ted  by expo su re  to trypsin. 

Since Fc7RI,  but not  F c 7RII  is trypsin sensit ive,  the a u th o r s  conc lu de d  that  the F c 7RI 

recognized the  two IgG2a f ragments.  It is im por t an t  to note  tha t  at the t ime these 

s tudies  we re  p e r fo rm e d ,  the  complexi ty  of the F c 7R s t ructure s  was not fully real ized.  

T h e re fo r e ,  a l tho ug h these  d a ta  d em o n s t r a t e  that  di fferent  IgG d om ains  are  

recognized on the IgG2a and Ig G 2b  isotypes, it is not c lear to which I c . R ( s )  the 

IgG2a  and  Ig G 2b  f ragmen ts  bound.

II. H u m a n  F c 7R ’s

Al thou gh  the  s t ruc ture  o f  the high avidity m uri ne  Fc7RI has not been 

d e t e rm in e d ,  the high avidity h u m a n  Ih i F c7RI s t ructure  has been  e lucida ted  (Al len.  

1989; Peltz,  1989). Its c D N A  se que nce  predicts  an integral  m e m b r a n e  prote in ,  with 

a single t r a n s m e m b r a n e  d o m a in  an d  a short ,  highly ch a rg ed  cytoplasmic  domain .  

T h e  ec to d o m a in  of  h u F c 7R I consists of  three  Ig-like dom ain s ,  ea ch  conta in ing two 

N-l inked glycosylation sites and  two cysteine residues,  which p re sum ably  form 

in t rachain  disulfide bonds.  T h e r e  is considerable  homology b e tw een  the first ami  

second  Ig-like d o m a in  of  h u F c 7RI and the co r re spond ing  m u F c 7RII Ig-like domains ,  

but  there  is little similari ty be tw een  the  third Ig-like d om ain  o f  h u F c 7RI and e i ther  

Ig-like d o m a i n  o f  m u F c 7RIIa or  m u F c 7RIIe .  It is likely that  this thi rd Ig-like d om ain  

bes tows  the  high-affinity for IgG to h u F c 7RI,  since pre l im inary  s tudies  by Seed et al. 

(u npub l i shed  results )  have shown that  point  mu ta t io ns  in this d o m a i n  cause redu ced 

affinity of  the  r ecep to r  for IgG.  It rema ins  to be  d e t e r m in e d  if a s imilar  d o m a in  is
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p re sen t  in the high affinity murin e  F c 7RI.

Analysis of  F c 7RI-binding  regions  on the Ig molecu le s  has  recent ly  been 

r e p o r t ed  by D u n c a n  e t  al. (1988),  who ident i fied  a single a m in o  acid res idue  in the 

C h2 region of  I g G l  and  that  of  m uri ne  IgG2a which is r e qu ir ed  for high affinity 

b inding to F c 7RI.  An  addi t ional  ep i topes  is involved in the  b inding o f  m o n o m er i c  

IgG2a  to m u F c 7RI,  as r e po r t ed  by D ia m o n d  et al. (1985),  who  d e m o n s t r a t e d  that 

IgG2a binding was inhibi ted by aggregated  cyanogen  b ro m id e  f ragmen ts  from both 

the  C h2 an d  C H3 d o m a in s  of  lgG2a.

T h r e e  dist inct  genes  enc od ing  F c 7RII have recent ly  b ee n  isolated  from 

monocyte ,  m a c r o p h ag e  and B cell lines (Brooks ,  1989). Eac h  of these genes  bears  

s t rong homology to the m uri ne  F c 7R I L  and  F c 7R ID  genes.  R ece p to r s  e n c o d ed  by 

these three  genes  ( F c 7RIIa ,  F c 7R I I a ’, and Fc7R!lb ) ,  all bind im m u n e  com plexes  and 

are  recognized  by F c7RI1 m A b ’s. T h e  pred ic ted  s t ruc tu res  of  F c 7R I!a  and F c ,RI !a '  

a re  9 5 %  ident ical  th ro ughou t  thei r  sequences .  T h e  ext racel lu lar  d o m a in  of  Fc7R l lb  

an d  the initial pa r t  of  the  int racytoplasmic d o m a in  is hom ologous  to that  of  Fc7R l la  

and F c 7R I I a \  but  the  re ma in in g  por t ion o f  the  cytoplasmic  tails differ be tween 

Fc7R IIa  an d  Fc7R I I a ’ and  the  Fc7RIIb  receptors.  T h e  s t ructure s  of  F c 7R l lb  and 

m uri ne  F c 7R ID  are  highly conserved.  T ranscr ip ts  f ro m b o th  species  of  re cep to rs  are  

a l ternatively spl iced in the i r  first cytoplasmic exon.  Both  noncodi ng  and  coding 

regions o f  m uri ne  F c 7R I D 2  and  F c 7R IIb2  c D N A s  ar e  ident ical .  F c 7R I I a ’ is s imilar  

to m uri ne  Fc7RJD genes  and  the h u m a n  F c 7R I b  genes,  except  in its cytoplasmic 

do main .  Finally,  F c 7R IIa  is s imilar  to the h u m a n  F c 7R I Ib  genes  and the murine
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F c7RII*>, in addi t ion  to the  m uri ne  F c 7RIlo gene.

T h e  individual  h u m a n  F c 7RII t ranscrip ts  have distinct  pa t t e rns  of  express ion 

(Brooks ,  1989). T ranscr ip t s  e ncod ing  F c 7R IIa  have been  found in monocyte- l ike  cell 

lines, H L -60  cells d i f fe ren t i a ted  with D M S O ,  e ry th ro le u k em ic  cell lines, as well as 

neutrophi ls ,  a d h e r e n t  macro ph ages ,  an d  chronic  myel ogen ous  l eu k em ia  cells. 

F c 7R I I a ’ t ranscrip ts  were  found to be expressed in neutrophi ls ,  B lymphocytes,  

cul tu red ad h e r e n t  monocytes ,  U937 cells, and placenta  cells, but not in T  cells. 

Finally, F c 7R l l b  express ion has  b e e n  m easu red  in many lymphoid  and  myeloid  cell 

lines, as well as in B lymphocytes,  cul tured ad h e re n t  monocytes ,  and  neutrophi ls .

Funct ional  cons equences  o f  the s t ructura l  po lym orp h i sm  of  h u m a n  Fc7RFI 

expressed in monocytes  have b ee n  observed.  As  no ted  previously in this section,  

A n d e r s o n  (1987) initially observed  a corre la t ion  bet w een  a po lym orphi sm  in Fc,RM 

pro te in  and its ability to m ed ia t e  an  ant i -CD3-speci fic  T  cell prol ifera tive response .  

C la rk  (1989) ex tended these  findings by co m par ing  the c D N A  seq u e n ce s  from 

mono cy te  r e s p o n d e r  and non re spon de rs .  T h e  F c 7RII e n c o d ed  by the  no n re sp o n d in g  

individuals d i ffered f rom the  r e s p o n d e r ’s re cep to r  by a single base  subst itu tion 

result ing  in a cha ng e f rom hist idine to arginine.

F luman  Fc7R 111 (C D 16)  is also polymorphic .  F c 7R III expressed on NK cells 

and  m ac ro p h a g es  is a  m e m b ra n e - s p a n n i n g  recep to r ,  w h e r e a s  F c 7RHI  expressed on 

neu tro ph i l s  is a n c h o red  via a g lycan-phosphat idyl- l inkage,  devoid  of  a cytoplasmic  

tail (Selvaraj ,  1988; Huizinga,  1988; Rave tch,  1989; Scal lon,  1989; U ed a ,  1989). 

Analysis on a molecu la r  level revea led  that  the  t ranscrip t  en co d in g  the neu trophi l
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re cep to r  t e rm in a t e s  4 am ino  acids af ter  the  p redic ted  t r a n s m e m b r a n e  domain.  T he  

N K  cell F c 7RIII  t ranscrip t  codes  for 21 addi t ional  a m in o  acids,  which com pri ses  the 

putat ive  cytoplasmic  domain .

E d b e r g  et  al. (1989) have analyzed the  core F c 7RIIl  p ro te in  on both  cell 

types. T hey  obser ved  that  the  neutroph i ls  of  individuals  homozygous  for e i ther  NA1 

or N A 2 F c7RII1 al lotypes  expressed one  species  of  receptor,  w h e reas  those peop le  

het erozygous  for the  al lotype expressed b o th  F c 7RIII  types. M ore ov er ,  analysis of 

all NK cells, regardless  o f  allotype,  revea led  the pre sence  of  two dist inct  Fc ,RII I  

types which w e re  dist inct  f rom those of  the  neutrophi l .

C. F c , R  Cycling

It has bee n  suggested  that  the  fate of m uri ne  m ac r o p h ag e  F c 7RII var ies 

d ep e n d in g  up on  the valency o f  the b ound  ligand. Mel lm an  et al. (19,83) observed  

that  m u r in e  F c 7R II - m e d ia t ed  phagocytosis o f  im m u n e  complexes  resul ted  in an 

i r reversib le  depl e t ion  o f  > 5 0 %  of F c7R1I f rom the m acr o p h ag e  p la sm a  m e m b r a n e .  

O n c e  in ternal ized,  both  re cep to r  and i m m u n e  com plexes  were  d e g r a d e d  rapidlv in 

the lysosome,  with a T y, o f  < 2 h versus the  T y, of  ~  10 h in the absence  of l igand 

(M e l lm an ,  1983, 1984b). T h e  re cep to r  is not  d eg raded ,  however ,  up o n  binding of  

m o n o m e r i c  IgG,  but both  Fc.,R and l igand ar e  recycled to the  surface  (Kur lande r ,  

1983; Jones ,  1985). M e l lm a n  et  al. (1984a)  obser ved that Fc7RII occup ied with 

m o n o v a len t  F a b  f r agm ent s  of m A h  2.4G2,  is in ternal ized,  t ra nspor te d  to en dosom es .  

and  rapidly del ive red back to the  surface.  Fc7RII b o u n d  by ntul tivalent  p re p a ra t i o n s  

o f  m A b  2.4G2 Fab,  however,  re sul ted  in the t rans por t  of  the receptor- l igand complex
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to the  lysosome (M e l lm an ,  1984a; U k k o n e n ,  1986).

D. F c7R Signalling

In o r d e r  to fullv u n d e r s ta n d  how Fc^R’s function,  the i r  s ignal ing m ech ani sms  

must  be ascer ta ined .  Know ledg e o f  the m echan i sm(s )  by which F c ,R 's  t ransduce 

thei r  signals is l imi ted.  R e c e p t o r  crossl inking is probab ly  requ ir ed  for Fc^RII- 

m ed ia t c d  phagocytos is to occur.  As s ta ted  previously,  occup at ion  of  Fc^RII with 

mul tivalent  l igand t riggers endocvtos is  o f  the receptor- l igand complex to the 

e n d o s o m e ,  fol lowed by fusion with the lysosome,  w he re as  b inding of  m o n o m e r i c  

l igand to Fc^RII results in t ranspor t  of  the bound  re cep to r  to the e n d o s o m e  and back 

to the  m e m b r a n e  (K ur lander ,  1983; Jones ,  1985; M el lman ,  1984a; U k k o n e n ,  1988). 

T h e s e  d a ta  suggest  tha t  in o rd e r  for Fc^RlI-l igand com plexes  to be phagocvtoscd.  

recep tor-cross l inking must  occur.

Cross l inking o f  h u m a n  Fc^RI and of Fc^RII is necessary for re cep to r - m e d ia t ed  

re lease  of  H ?O r  A n d e r s o n  et al. (1986) d e m o n s t r a t e d  that  incubat ion  of  monocyte*- 

with F ( a b ’)2 anti -Fc^RI or  ant i -Fc^RII m A b s  caused the re lease  of  supcroxidc  only 

when  the  an t ibod ie s  we re  crossl inked by an t i -m urine  IgG.  T h e s e  findings were 

co n f i r med  and ex ten d ed  by Pfefferkorn and F an g e r  (1989),  w h o  obse rv ed  that  the 

re lease  of  Oh, m ed ia t ed  by F c ,R  on monocytes  con t inued  until  l igand binding 

s topped.  A di rec t  re la t ionship  was observed  be tw een  the moles  of  0 ‘; re leased and 

the moles  of  ant ibody  b o u n d  to the receptor ,  suggesting that  each F c 7RI, when 

activated,  t riggers a par t  of  the  signal to re lease  0 ‘2.

T h e  role o f  ion fluxes in signall ing F c , R - m e d ia t e d  events  has  been



inves t igated  by several  labora tor ies .  A d e r e m  and col leagues  have s tudied the role 

of  Na* in ph ospho l ipase  ac tivation (which leads  to  the  re lease  of  arach idonic  ac id ) 

by b ind ing of  i m m u n e  complexes  to mou se  pe r i toneal  m a c r o p h a g e s  (198b).  T he \  

obser ved that  th e re  is a Na* r e q u i r em en t  for this event  tha t  can be bypassed In a 

C a ?+ influx m e d ia t e d  by an ionop hore .  C a : + is necessary for this re lease  ol 

ar ac h idon ic  acid, they found,  since E G T A  inhibits its forma t ion.  F r o m  this data,  

they p roposed  that  the  t r iggering of  phospho l ipase  activity by m u F c TR requires  a 

ser ies o f  sequen t ia l  events inc luding a N'a' influx fol lowed by an increase  in 

in t racel lu lar  C a J\

Studies  bv Suzuki  suggest tha t  the m u F c TRII possesses  pho spho l ipase  A 

activity. Such a p h e n o m e n o n  could  explain the ac t ivation of pho sph ol ipas e  by 

i m m u n e  complex binding observed  by A d e r e m  (198b).  Suzuki  and col leagues 

desc r ibe  the  i solat ion o f  two distinct  IgG binding p ro te ins  f rom both  a mouse  

m a c r o p h a g e  line, P388D1 (F e rn a n d cz -B o t r an ,  1985; Suzuki .  1982) and  mouse  

pe r i t onea l  m ac r o p h ag es  (Ni t ta,  1984). Puri ficat ion of  cell lysates on a phosphat idyl  

cho l ine- an al ogue co lum n  yie lded a prote in  which specifically b o u n d  IgG2b  aggregates  

and  possessed pho spho l ipase  A ? activity, w h e rea s  passage o f  cell lysates over a 

co lu m n  con ta in ing  IgG aggregates  p ro duced  a prote in  which b o u n d  IgG2a complexes  

only. T h e  PC-binding  pro te in  desc r ibed by Suzuki ( F e r n a n d e z - B o t r a n ,  1985) differs 

from Fc^RII i so la ted f rom o th e r  lab ora tor ies  (Hibbs ,  1985; Lane ,  1982; Mark.  1985; 

M el lm an ,  1980), however .  W h e re a s  the PC-binding p rote in  is 38K D,  the I cyRII 

p ro te in  desc r ib ed  by o ther s  is 65KD. T h e  isoelectr ic points  o f  the  two prote ins  differ



as well.  Finally,  the  quant i t ies  o b ta in ed  p e r  cell equivalen t  f rom puri f ied  by Suzuki 

we re  20x g re a t e r  th an  what  has  b e e n  previously r e po r t ed  to exist on  any mouse  

m a c r o p h ag e  line (Unkeless ,  1975,1977,1979).

T h e  role of  ca lc ium mobi l iza t ion f rom int racel lu lar  pools  ( [ C a 2'],) has bee n  

s tudied by several  investigators.  T w o  groups  re p o r t ed  that  a rise in [C a2'] upon 

F c7R l igat ion is associa ted  with r e cep to r - m e d ia t ed  phagocytos is in both mouse  

m ac r o p h ag es  (Y oung,  1984) and in h u m a n  neutroph i ls  (Lew,  1985). No rise in 

[C a2'],, is observed ,  however,  dur ing  Fc ,R  ligation in mou se  pe r i t one al  m acrophages  

(McNei l ,  198b). M o re  recently,  DiVirgi l io  (1988) used several  m e thods  to c l am p and 

buffer  [C a2'], m ouse  mac rophages ,  in o rd e r  to establ ish unequivocal ly  the role of 

[C a2'], in Fc7R - m e d ia t e d  phagocytosis.  Very  low levels of  [C a 2‘], (1-10 nm) were 

observed.  At  thes e  levels, they d e m o n s t r a t e d  that  phagocytos is  was not  inhibited.  

P fe f f e rk o m  inves t igated  the effect of  m onov alen t  ca tion fluxes on Fc7R -m ed ia ted  

phagocytosis.  She d em o n s t r a t e d  that  ca tion fluxes were  not requ ir ed  for the 

ini tiat ion of  e i t h e r  phagocytosis or for O /  g en e ra t ion  by F c 7R (1984).

A l though  ion fluxes are  not  requi red  for the  induct ion of  phagocytos is  by 

F c7R, ce llu lar  p ro te ins  may be  involved in signal t ransdu c t ion  of  Fc7R. T h e  role of 

G  p ro te ins  in this event  is compel l ing ,  and several  l abora to r ie s  have inves tigated 

F c7R / G  p ro te in  associations.  G r e s h a m  et  al. (1987) suggested  that  G prote ins  are  

involved in t riggering phagocytos is  by the  h u m an  neutrophi l  Fc7R, p resum ably  

F c7RII.  T h ey  r e p o r t e d  that  both  choler a  toxin and  per tuss is  toxin, which bind 

di f ferent  classes of  G  prote ins ,  can inhibit  F c 7R - m e d i a t e d  s t imula ted ,  but not
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un s t imu la te d  phagocytosis.  F u r th e rm o re ,  they showed that  this inhibi t ion is not due 

to the  loss of  F c7R expression.  T h e  induct ion of  phagocytosis  by pho rbol  esters,  

which ac tivate  p ro te in  k inase C, is not  inhibited  by e i ther  toxin. T h e r e fo r e ,  the 

au tho rs  suggest  tha t  one  or m or e  G  prote ins  and p rote in  k inase C may play a role 

in phagocytosis.

In addi t ion ,  Feis ter  and col leagues  repo r t ed  that  G p ro te in s  are  involved in 

the t riggering o f  the  oxidat ive burs t  by the h u m a n  neutroph i l  Fc ,RI I  (1 (>NN). l.'sing 

per tuss is  toxin, they d e m o n s t r a t e d  that  F c 7R I I -m e d ia ted  superoxide  p roduc t ion wa^ 

a lmost  complete ly  inhibited,  w he re as  recep to r- s t imula ted  d eg r anu la t ion  was onlv 

par tially inhibi ted .  T h ese  d a ta  suggest  that  two m echan i sm s  of  signal t ransduc t ion 

are  op er a t ive  in F c 7R II -m ed ia ted  event ,  one  of  which involves G proteins .
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VII.  E X P R E S S I O N  O F  M U R I N E  Fc R E C E P T O R S  F O R  IgG

T w o  m uri ne  F c 7R Il  genes,  m u F c 7R I L  an d  m u F c 7R I L ,  e n c o d e  distinct 

t r a n s m e m b r a n e  F c 7RII  p ro te ins  (R avetch,  1986; Lewis,  1986; Hihbs ,  1988). Th e 

p re d ic ted  a m i n o  acid  sequences  of  the ext racel lu lar  do m a in s  of Fc7R I L  and F c , R I L  

are  95 c/c homologou s ,  and  are  c o m p o sed  of  two r e p e a t e d  Ig-likc domains ,  each 

conta in ing two disul f ide- l inked cysteine residues an d  two glycosylation sites. No 

homology  exists, however,  b e tw e en  the l eade r  sequences ,  the t r a n s m c m h r a n e .  or the 

cytoplasmic  do m a in s  of F c 7R I L  an d  F c 7R I L .  T h e  F c 7R I L  t ranscrip t  is expressed 

in m ac r o p h a g e s  (Ravetch,  1986), NK cells (Peruss ia.  1989), an d  mesangia l  cells 

(Sant iago,  1989); the  Fc7R I b  t ranscrip t  has  been  foun d  in m acrophages ,  B cells, and 

T  cells (R ave tch,  1986). T h e r e  are  two t ranscrip ts  of  the  Fc7R I L  gene:  f - c ,RIL  I 

conta ins  a 46 a m in o  acid inser t ion in its cytoplasmic  d o m a in  which is absent  from 

Fc7R I L 2 .  W h e r e a s  the F c 7R I L 2  t ranscr ipt  is pr e sen t  in B cells, T  cells, and 

m acrophages ,  the  F c 7R I L 1  t ranscrip t  is found only in lymphocytes  (R av e tch .  1686). 

T h e  t ra ns la te d  p ro te ins  have b ee n  indi rectly ident if ied by the b inding of  mono clon al  

an t ibo dy  ( m A h )  2.4G2,  which binds to bo th  F c 7R I L  and F c 7R I L  (U nk c le ss .  1676). 

o r  IgG com plex es  to cell l ines t ransfected  with F c 7R11<> or  F c 7R 1L (R avetch ,  1986; 

We ins chanck ,  1988). T h e r e  is ident ity b e tw e en  se q u en ces  of tryptic pep t ides  i solated 

f rom F c 7RII  puri f ied  from the  S49.1 T  cell line and  the  sequence  p re d ic ted  from the 

F c 7RII<? c D N A  se que nce  (Pan ,  1987), but  no  am in o  acid analysis o f  Fc7R I L  prote in  

has  b e e n  repor ted .



In o rd e r  to analyze  the  express ion of  F c 7RII<> pro te in ,  pep t ides  were  

synthes ized pep t ides  in the  cytoplasmic d o m a in  of  F c 1R I L  that  w e re  p re d ic ted  bv 

the  c D N A  sequence ,  and  used the  pept ides  coupled  to keyhole l impet hemocyan in  

( K L H )  to elicit ant i -p ep t ide  IgG. T h e  ant i -p ep t ide  ant ibodx was used in a sandwich 

E L IS A  to d e m o n s t r a t e  that  F c 7RIIo is t rans la t ed  in J774a.  a m ac r o p h ag e  cell line 

that  synthes izes  F c 7R I E  m R N A ,  as well as in per i toneal  m acr oph ages .  O u r  results 

suggest a posi tive co rre la t ion  bet w een  the level of  F c 7R I L  express ion and 

phagocytos is .  Finally, I found that  rIL-6 en h a n ce s  the express ion of  a F c ,R  that 

bea rs  the  m A h  2.4G2 ep i tope  but  that  is dist inct  f rom F c 7R I E .
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M A T E R IA L S A N D  M E T H O D S

A n im a ls .  F e m a le  C D 2 F , / J  mice (T he  Jac kson  Laborato ry ,  B a r  H a rb o r ,  M L )  we re  

used at 10 to 16 weeks  o f  age. F e m a le  New Z e a l a n d  w'hite rabbi ts  (T h e  Jackson 

L abora to ry )  w e re  used at 20 weeks  of age.

Cell  l in es  and  cu ltu re  co n d it io n s .  J774A  (Weinschanck,  1088), S49.1 and  L5 I7 8 Y  

( H o r ib a ta ,  1970) cell l ines w e re  grown in suspension cul ture  in a lpha -m od if ie d  M L M  

(a M E M )  (H az le ton ,  Lenexa,  KA)  su p p lem en ted  with 3 %  FCS  (F low labs. McLean.  

VA),  100 U / m l  penicil l in,  and 100 / .g/ml  s t reptomycin .  Mouse  per i toneal  

m ac ro p h a g es  w e re  cu l tured in D u lb e c c o ’s modified  E a g l e ’s M E M  ( D M E M )  

su p p l e m e n t e d  with 10% FBS and mai n ta ined  as descr ibed below.  Cell l ines t re a ted  

with lymphokines  we re  cul tured in a M E M  s u p p le m e n te d  wi th 10% FCS and 

m a in t a in ed  as descr ibed below.

Cell Ivsatc p rep aration . Cel ls (1 07) we re  harves ted  and  ce nt r i fuged at 400 x g. Cell 

pel lets or  m e m b r a n e s  (1 07 cell equ ivalents)  were  lysed in PBS con ta in ing  0.5% NP- 

40, I m M  di isop ropyl f lu oroph ospha te  (S igma)  and 0.2 U / m l  aprot in in  (Sigma).  

Lysates  w e re  c l ea red  of nuclei  and  cell deb r is  by cen tr i fuga t ion  ((10,000 x g, 15 min.)

M em b ra n e  iso la t ion .  Cell  m e m b r a n e s  were  i solated acco rd ing  to the m e th o d  of 

Jesa it i s  et  al (1983)  an d  H u e y  et al. (1985).  Briefly, 3 x 109 cells we re  su sp en d e d  in



40 ml o f  lOmM H E P E S ,  pH7.4 ,  0.34 M sucrose,  0.1 m M  M gCI2, 1 m M  E D T A ,  

lOmM di th iothre i to l ,  and 100 K l U / m l  apro t in in  (Sigma Chemical  Co.,  St. Louis,  

M O ) .  T h e  cells we re  ru p tu re d  by ni t rogen cavita tion a f te r  equ i l ib ra t ion of  cells with 

n i t rogen (400 psi, 20 min,  4°). Af te r  low-speed centr i fugat ion (10 min at 800 X g) 

to re move intact  cc.ls and  nuclei,  the  s u p e rn a t an t  was cen t r i fuged (43.000 X g. 25 

min)  and the  pel let  was  re susp ended  in 10 ml of  10% sucrose  in M M E  buffer (20 

m M  N a H ep es ,  2 m M  MgCI2, 1 m M  E D T A ,  p H  8.0). This was layered on a 

d iscon t inuous  sucrose  g radien t  layered with 12 ml of  4 0 %  sucrose,  10 ml of  30% 

sucrose,  and  10 ml o f  2 0 %  sucrose in all d i lu ted  in H M E  buffer  and cen tr i fuged  

(100,000 X g, 1 h). F our  dist inct  bands  were  detec t ed ,  and the two in te rm ed ia te  

bands  w e re  col lec ted  and s to red  at -70° for use in ELISA.

Per i ton ea l  cells. R es iden t  pe r i t one al  m acr o p h ag es  w e re  i solated  f rom u n t r ea t ed  

mice.  Thioglycol la te-e l ic ited  m acro p h ag es  w e re  o b t a in e d  4 days af ter  i.p. injection 

of 1 ml o f  thioglycollate broth.  BCG-el ic i ted  m ac r o p h ag e s  were  o b ta in ed  from mice 

injected  29 days  previously and boos ted  on day 21 with 10' live organisms of  BCG 

P as teu r  s t rain  1011, o b t a in ed  as a gift from Dr.  Nor th ,  T r u d e a u  Ins ti tute (S ar anac  

Lake,  NY).  O rg a n i sm s  we re  sonicated  pr ior  to use with a microp ro be in a sonicator  

(Ul t rasonics ,  Inc., Fa rm ingda le ,  N Y )  set at  2 for 2 min.  Per i toneal  cells were  

o b ta in ed  by lavage w'ith 5 ml of  cold PBS con ta in ing 10 m M  E D T A .  Cel ls  were  

wash ed  wi th PBS a n d  p la ted  in 100 cm dishes  at  2 x 10' ce l l s /d ish  in D M E M  

conta in ing 10%  FCS.  Dif ferent ial  counts  o f  m o u s e  per i t onea l  cells we re  m a d e  using
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W r ig h t ’s stain.  B CG -i nf ec te d  animals  y ielded 2.5 x 106 c e l l s /m o u s e  wi th 25% 

m acrophag es .  Mice injected with thioglycollate b ro th  y ie lded 6 x 10* ce l ls /  mou se  

with 7 0 %  m acrophag es ,  3 %  p o ly m o rp h o n u c lea r  leukocytes ( P M N ’s), and 27% 

lymphocytes .  U n t r e a t e d  mice y ielded 2 x 10‘ ce l l s /m o u se  with 4 5 %  macrophages ,  

19% P M N ’s and  3 6 %  lymphocytes.  Af te r  2 hours ,  n o n - a d h e r e n t  cells we re  removed.  

After  the  a d h e r e n c e  step,  the B CG -ac t iva te d  cells we re  80% m acrophag es ,  and the 

th ioglycol la tc-st imula tcd and  re s ident  per i toneal  cells we re  9 0 %  m acroph ages .  Fresh 

m e d iu m  was  adde d ,  and m a c ro p h ag es  we re  harves ted  18 hours  later.

Ant ibodies .  T h e  rat anti -Fc^RlI  m A h  2.4G2 was pur if ied f rom cul tu re  s u pe rna tan t  

on a rabbit  ant i -ra t  agarose  co lum n  (Sigma) as follows. C u l tu r e  s u p e r n a t a n t  from 

hybr i dom a cells (5 x 105 ce l ls /ml  D M E )  was  col lec ted  by centr i fugat ion at 400 x g 

and  passed over  the  column.  U n b o u n d  mater ia l  was re m o v ed  f rom the co lumn with 

PBS until  opt ical  density at 280 nm  of  buffer passed through the  co lum n  was equal  

to tha t  of  the  washing buffer.  T h e  bound  Ig was e lu ted  from the  co lumn with 0.1 

M glycine-HCl,  p H  2.5, neutra l ized  with an equa l  vo lum e of  0.1 M Tris,  p H  8.5, and 

dialyzed versus  PBS.

Bo th  rabb i t  anti -FcTRII  and normal  rabbit  IgG we re  puri f ied  f rom se rum  by 

affinity c h r o m a to g ra p h y  on  a p ro te in  A co lu m n  (Pierce ,  Roc kfo rd ,  IL). Se rum 

di lu ted  1:1 in PBS was passed over  the  co lum n twice, a n d  all s u b s eq u e n t  s teps  were 

ident ical  to  those descr ibed for puri f ica t ion of  m A b  2.4G2.  Biot inyla ted  goat  a n t i ­

rabbi t  an d  ant i - ra t  ant ibodies  and s t repavidin  hor se radi sh  pe rox idase  ( H R P )  were



purch ased  f rom K i rk egaa rd  and  Perry L abora to r i e s  (G a i th e rs bu rg ,  M l)) .

P ep tid e  syn th es is ,  con ju gation  and im m u n iza t io n .  All L -a m ino  acids and blocked 

a m in o  acids w e re  f rom Pen insula  (B elmon t ,  CA).  Pep t ide  sequences  

R N L Q T P R E Y W R K S L C  (A)  and K S L S I R K H Q A P Q D K C  (B)  we re  synthes ized 

s tepwise by the sol id-phase  m e thods  (Mcrri f ield ,  1963), using a N- t -BOC-S -4 -me l ln  I 

benzyl-L-cysteine as the solid phase  Mcrri f ield  resin suppor t .  A f t e r  synthesis,  

deblocking,  and  H F  c leavage (T am,  1983), the pep t ides  w e re  show n to be of 

sat isfactory puri ty by H P L C  on a V Y D A C  C18 reverse  phase  co lum n  e lu ted  wi th a 

0 -5 0%  acetoni t r i le  g rad ient  conta in ing 0 .1% t r i f luoroacet ic  acid. A m m o  acid 

analyses  of  the  pep t ides  gave the expected a m in o  acid ratios.  T h e  pept ides

were  coup led to K L H  by the carboxyl terminal  cysteine res idues  us ing the 

b i funct ional  reagen t  m-m al e im idobenzoyl -N-succinimide es ter  (M B S )  (Pierce)  

(Le rner ,  1981). K L H  (5 mg in 0.5 ml of  PBS, p H  7.4) was acvla tcd  wi th 2 mg MBS 

in 50 J  D M F  (30 min,  room  t em p er a tu re ) .  F ree  a n d / o r  hydrolyzed MBS were 

re moved  by gel fi l trat ion over  a Sephadex G25  co lumn in 10 m M  p h o s p h a te  buffer  

( pH  6). T h e  ac tivated  pro te in  fract ions  were  po oled  and in cu bat ed  with 10 mg 

p ep t ide  A or  B (3 h, r o o m  tem p e r a tu re ,  p H  7.4). T h e  p e p t i d e - K L H  con juga te  was 

dialyzed agains t  150 m M  NaCI,  lOmM p h o sp h a te  (p H  7.2) an d  used for 

immuniza t ion.

Iso la tion  o f  a n t i-p en t id e  Ig. Rabb i t s  were  im munize d  s.c. with 1 mg of  KLH -
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conj ug at ed pep t ide  in 1 ml of co m ple te  F r e u n d ’s adjuvan t  and  we re  boos ted  two 

weeks  la ter  s.c. wi th 0.5 mg conjugated  pep t ide  in 1 ml o f  incomple te  F reund 's  

adjuvant .  T h e  an im al s  we re  bled 2 and 4 weeks  af te r  the  lat ter  injection.  A n t i ­

p ep t ide  IgG was  isolated  f rom the  se rum  by affinity ch r o m a to g rap h y  over  a pcpt ide-  

S ep har ose  4B co lumn (P h a rm a c ia  Fine  Chemicals ,  U pps al a ,  SW).  T h e  b o u n d  Ig 

was e lu ted  f rom the  co lumn with 0.1 M glycine-HCI,  p H  2.5, neu tra l iz ed  with an 

equa l  vo lum e of 0.1 M Tris, p H  8.5, and dialyzed agains t PBS.

L vm p h ok in e  in duction . R at  reco m binan t  IFN-i  ( r I F N - 7) (A m gen ,  T h o u s a n d  Oaks ,  

C A ) had a specific activity of  5 x 10s mou se  U / m l .  T h e  fol lowing lymphokincs  were  

prov ided by Dr.  M ark  G a rn ick  (G ene t i c s  Insti tute,  C am b r id g e ,  MA):  H u m a n

re co m b in an t  IL-6 (rIL-6),  p ro duced  in Escherichia coli, 5 x 106 U / m g  , hum an  

r e co m b in an t  m ac r o p h a g e  colony s t imula t ing factor ( r M - C S F )  p ro d u c e d  in C H O  cells. 

(1:300,000 di lu t ion yields 1 \2  maximal s t imula t ion o f  colony fo rmat ion) ,  anti h u m an  

re co m b in an t  g r a n u lo c y te /m a c r o p h a g e  colony s t imula t ing  factor  ( rG M -C S F ) ,  

p ro d u c ed  in C H O  cells, 1.7 x 107 U / m g .  H u m a n  r e co m b in an t  TNF-o ( rT N F-a ) ,  3 

x 10’ U / m g ,  p ro d u c ed  in yeast,  was  a gift f rom Dr.  A n th o n y  C eram i  (R ocke fe l l e r  

University,  New York,  NY).  T ra n s fo rm in g  growth fac tor -0  ( T G F - 0 ), puri f ied f rom 

porc ine  platelets ,  was pu rc hased  f rom R  & D  Systems (M inn ea po l i s ,  MN).  M ou se  

rIL-2 a n d  rIL-3 w e re  pu rc hased  f rom G e n zy m e  C o r p  (Boston,  MA) .  M ou se  IFN- 

a , and I F N -0  w e re  pu rc hase d  from Lee B iomol ec u lar  (San Diego,  CA).

J774a  or  S49.1 cell l ines were  grown in suspens ion  cu l tu re s  (2 x 105 ce l l s /m l )



in » M E M  conta in ing 10% FCS  in the  p re sence  or absence  of  200 U / m l  r I FN- i .  

O t h e r  lymphokines  we re  ad d e d  for 24-06 h to J774a cells initially s e e d ed  at 2 x 105 

cells /well  in 24 well cluster  p la tes  (Linbro ,  M cL ean ,  VA).

F ctR H o ELISA.  F c7R I L  in cell or  m e m b r a n e  lysates was  m e a s u r e d  by ELISA.  Cell 

lysates we re  c l ea red  of  nuclei  and  cell debr is  by centr i fugat ion (10,000 x g, 15 min.) 

F c 7R I L  in cell lysates was m e a s u r e d  bv sandwich ELISA.  Serial  di lut ions of  cell or 

m e m b r a n e  lysates in 0 .5% N oni de t  P-40 (NP-40)  d i lu ted  in PBS (50 » I/well )  were 

incubated  in flat bo t tom  96-well microt i ter  plates  (F a lcon  Pro-bind,  Bcckton-  

Dickenson  Laborato r ie s ,  Oxnard .  C A )  previously coa te d  overnight  with m A h  2.4G2 

IgG (5 » g / m l  PBS, 50 w 1/well) in PBS and b locked with 3 %  P B S /B S A .  Fc7R I L  was 

d et ec ted  by addi t ion  of rabbi t  an t i -pept ide  Ig (5 <.g/ml PBS,  50 ,,1/well) fol lowed 

by seq uent ia l  add i t ions  of  b io t inyla ted  goat -ant i - rabbi t  IgG an d  s t repav id in -MRP vin 

PBS, at m anu fa c tu re r ' s  suggested  di lution).  Bound s t re pav id in -M R P was assayed 

colorometr ica l ly  and d eve lo ped  as descr ibed previously (Khavat ,  19X7). 

Al ternat ively ,  cell lysates w e re  incub ated in microt i t er  p la t es  c o a te d  wi th rabbi t  anti- 

F c7RII IgG (5 Mg/ml PBS, 50 ,<I/well ),  and  F c 7R I L  was  d e t ec t ed  by sequent ia l  

addi t ions  o f  b io t inylated  (B e r m a n ,  1980) rabbi t  an t i -pept ide  Ig an d  s t re pav id in -H RP.

F c 7RlI  ELISA.  F c7RII in cell lysates w'as m eas u r ed  by sandwich ELISA.  Serial  

d i lutions  o f  cell lysates p r e p a re d  as descr ibed above we re  incuba te d in microt i ter  

p la tes  co a te d  overnight  wi th m A b  2.4G2 (5 <ig/ml PBS,  50 „ 1/well).  Fc7RII was



de tec t e d  by addi t ion  of  rabbi t  an t i -F c7RII  IgG (5 » g / m l  PBS,  50 » I / w e l l ) and the 

assay was d eve lo ped  as descr ibed above.

lo d in a t io n  and  b in d in g  s tud ies .  M A b  2.4G2 IgG (50 „g)  was iod inated  with 1 mCi 

of [ ’”  I] N a  ( A m e r s h a m  Corp. ,  Ar l ington He ights ,  1L) using tubes  coa te d  with 1 ,.g 

iodogen (P ie rce)  as des c r i bed  (F ra ke r ,  1978). Briefly, ant ibody was  incuba te d  with 

[ ’“ I] Na  for 5 min at 4°. U n i n c o r p o ra t e d  [ ' ” !] N a  was re m o v ed  by gel fi l trat ion on 

a G - 2 5 M  co lum n  ( P h a r m a c ia )  by passage o f  PBS conta in ing 1 m g / m l  BSA (PBS- 

BSA) over  the column.  Frac t ions  (0.5 ml) w e re  col lec ted  an d  those conta in ing 

labeled  an t ibody we re  de t ec t ed  with a gciger coun ter .  'Hie final specific activity of 

labeled  ant ibody,  which was d e t e r m in e d  by g a m m a  spec t r ome t ry  ( R i a G a m m a .  LKB. 

G a i the r sbu rg ,  M D )  was  6 x 106 c p m / « g  m A b  pro te in .  Binding o f  [ ’“ I]-2.4G2 m A h 

to a d h e r e n t  cells was  d o n e  on ice in 24 well clus ter  p la tes  (L inbro ) .  Cel ls were 

in cu bat ed  with [ ’” I]-2.4G2 (0.5 ml, 5.5 »g m A h  2 .4 G 2 / m l ,  5.4 x 10‘ c p m / „ g )  in PBS- 

BSA.  Bac kground  was d e t e r m in e d  in a paral lel  incubat ion with [ ,;‘I]-2.4G2 of  low 

specific activity (0.5 ml, 200 „g 2 .4 G 2 /m l ,  1.5 x 10* c p m / „ g ) .  Af te r  incubat ion for 

1 h, the initial label ing solution was aspi r a ted ,  and the  wells we re  wa shed  three  

t imes  with PBS -BSA by im mers ing  pla tes  in buffer.  Cel ls  were  re moved  with cot ton 

swabs,  which w e re  assayed by g a m m a  spect rometry .

P la s m id  isola t ion P lasmids  we re  i sola ted f rom bac te r ia  using a  modif ica t ion of the 

a lkal ine  lysis techn ique  of  B i rn bo im  & Doly (1979),  fol lowed by CsCI gradient



ul t racentr i fugat ion.  1 ml o f  L  bro th  (pe r  liter: 10 gm Bac to -Tryp tone;  5 gin Yeast  

Extrac t;  10 gm  NaCl;  1 gm glucose)  conta in ing ampici ll in (50 ,<g/ml) was inocula ted  

wi th bac te r i a  f rom a  f rozen  stock.  Thi s  seed cul tu re  was  grown overn ight  in sterile 

Falcon  2059 tubes  at  37° in a Q u e u e  Shak er  ro t a t i ng at 225 rpm.  100-200 I of  this 

seed cul ture  w e re  t r an s fer re d  to 1.5 liter growth m ed ia  (L-bro th  with 50 , .g /ml  

ampici l l in)  and grown overnight  as desc r ib ed  for seed cul ture .  Bacter ia  were 

harves ted  by centr i fugat ion in 250 ml bott les  in a fixed angle  ro to r  (4000 x g. 20 

min.,  4°). T h e  bacter ia l  pe l le t  was re su sp en d ed  in 12 ml of  G E T  buffer (25 mM 

T r i s -H C L ;  lOmM E D T A ;  1% Glucose ,  p H  8.0) an d  kept  on  ice for 15 min.  This 

suspension was in cu bat ed  with 0.5 ml of  lysozyme [25 mg lysozyme (C a l b i o c h c m ) /m l  

G E T ,  15 min,  4 °], Subsequent ly ,  27 ml of  fresh a lkaline lysis solution (0.2 M 

N a O H ;  1% SD S) was ad d e d  to mixture an d  incub ated for 15 min at  4 . This 

incubat ion  was fo l lowed by add i t ion  of 20.25 ml of  cold 3 M KOAc.  pH 4.8 

( p r e p a r e d  according to Man ia t is  et al. (1982).  This was thoroughly  mixed and 

incuba te d  for 15 min.  at 4o. Af te r  cent r i fugat ion o f  the mixture  in a fixed angle  

ro to r  (20,000 x g, 20 min.,  4°), the su p e r n a tan t  was passed th ro ugh  cheesec loth  into 

a 50 ml Nalge  3139 tube.  42 ml of  i sopropanol  was added ,  and the mate r ia l  was 

p recip i ta ted  ( r o o m  t e m p e r a t u r e ,  20  min.).  A f t e r  cen t r i fugat ion  in a swinging bucket  

ro to r  (16,000 x g, 30 min.,  r o o m  t em p e ra tu re ) ,  the pel let  was  air dried  for 10 min. 

and re su sp en d ed  in 5 ml of  T E N 1 0  (10 m M  Tris-HCI;  1 m M  E D T A ;  10 m M  NaCl .  

p H  8.0) conta in ing 150 ** I o f  R N A a s e  A (10 m g / m l  deion ized w a te r)  and incuba ted 

for 60 min.  at  37°. T h e  solut ion was sequent ia l ly  ext rac ted  as follows: 18 ml of
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PhenoI :Chlo ro fo rm :I soa myl  Alcohol  (25:24:1 vo lum e ra t io)  was acklctl to the 

solut ion an d  ce nt r i fuged in a  swinging bucke t  ro to r  (1700 x g, 5 min., room 

t e m p e r a t u r e ) .  T o  su p e r n a tan t ,  Chloro fornr . l soam yl  Alcohol  (24:1 vo lume ra tio)  was 

a d d e d  an d  spun  as in previous  ext ract ion.  S u p e rn a ta n t  was p re ci p i ta te d  by addi t ion 

o f  18 ml i sop ropano l  (20 min.,  r o o m  t e m p e r a tu r e ) .  T h e  precip i ta te  was pel l e ted  in 

a swinging bucket  ro to r  (16,000 x g, 30  min.,  room  t e m p e r a tu r e ) .  T h e  pel let  was 

r e su sp e n d ed  in 20 ml of  5 1 %  w e ig h t /v o lu m e  Ces ium  C h lo r id e :T E  solut ion (10 mM 

Tris -HCl ;  1 m M  E D T A ,  p H  8.0). Th is  solution was  t ra ns fe rr ed  to 2 Beckm an 

polya l lomer  Quick Seal Ti75 tube  with a syringe capped  with 16 gauge needle .  300 

»1 of  E th id iu m  B ro m id e  (10 m g / m l  deionized  H 20 )  was a d d e d  to the tubes,  which 

we re  then  hea t - sea led  an d  centr i fuged in a B eck m a n  Ti75 ro to r  (55,000 rpm.  14 h. 

20°). P lasmid b an d  was  wi thdraw n f rom tube u n d e r  long-wave ul t raviolet  light, with 

a 23 gauge nee d le  a t t a c h ed  to a 3 ml syringe. Af te r  t rans fer  to a 50 ml tube ,  the 

solut ion was  ext rac ted  3 t imes with w a te r- sa tu ra ted  bu tan o l  (40 ml). T h e  aq ueous  

solut ion was  d i lu ted  with 2 vo lumes  o f  steri le deionized  w a te r  af ter  t ransfer  to a 

c lean tube .  Mater ia l  was precipi ta t ed  f rom solution by addi t ion  of  l / 9 ' h volume of 

3 M N a O A c ,  p H  5.2 an d  2 vo lumes of  9 5 %  ethan o l  (2 h, -20°). T h e  D N A  was 

pel le ted  in a swinging bucke t  ro to r  (16,000 x g, 30 min,  4°) v ac u u m  dr ied  for 30 min., 

an d  re su sp en d ed  in T E .  Q uant i ty  and puri ty  of  D N A  was d e t e r m in e d  by 

s p e c t ro p h o to m e t r y  (260 an d  280 nm wavelengths)  and  res tr ic t ion  digest ion analysis.

R estr ic t ion  enzym e d ig es t io n s  E nzym es  used in res tr ic t ion digests we re  purc hased
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f rom  ei the r  N e w  En g lan d  Biolabs  (Beverly,  M A )  or  Boehr i nge r  M an h e im  

Biochem ica ls  ( Indianapol is ,  IN), ac cording  to m an u fac tu re r ' s  inst ruct ions.  D N A  

inserts we re  s e p a ra t e d  agarose  gel e l ec t ro ph ores is  [ (1 .5% low mel t  agarose  in TE,  

10 wl e t h id ium  b r o m i d e / 1 0 0  ml gel). Af te r  sepa ra t ion,  the ap p r o p r i a t e  D N A  band 

was  visual ized u n d e r  short  wave ul t raviole t  light, and cut f r om  gel. Isolat ion of D N A  

from gel was achieved  us ing the t ech nique  o f  Mania t i s  (1982).  Recovery  o f  D N A  

was quant i f ied  by co m par ing  D N A  of  know n quant i ty  to puri f ied  insert  on agarose  

gel e lec t rophores is .

L abeling  o f  c l )N A  in se r ts . c D N A  inserts we re  labeled  bv a modif ica t ion of  the nick 

t rans la t ion  m e th o d  descr ibed by Man ia t is  (1982).  [3?I>J d C T P  and  nick t rans lat ion 

kit (con ta in ing enzymes an d  un lab el ed  nucleot ides)  w e re  pu rc hased  f rom A m er s h am .  

D N A  (100 ng, 0.5-1 m g / m l )  was incub ated with 5x buffer  (4 „| ),  enzyme solut ion (2 

J ) ,  [” P] d C T P  (5-8 J ) ,  and deion ized w a te r  to a total  vo lume of 20 J .  Reac t io n  

mixture  was  incuba te d  at  14° for 2 h, an d  then s to p p ed  by addi t ion  o f  1 J  E D T A  

(0.5 M).  U n i n c o r p o r a t e d  [3JPJ d C T P  was  r e m o v e d  by passage of  solut ion over  a 

spun  column,  which was m a d e  as follows by a modif ica t ion o f  the technique  

desc r ib ed  by Mania t i s  (1982).  A 3 ml syringe was p ac k ed  with S ephadex G -5 0 

(P h a r m a c ia )  by centr i fugat ion (200 x g, 20  sec.). C o l u m n  was  blocked  by add i t ion  

o f  10 m 1 o f  s h e a r e d / d e n a t u r e d  sa lm on s p e r m  D N A  (10 m g / m l  T E )  in 1 ml TE.  

fo llowed by centr i fugat ion (200 x g. 2 min.).  2 J  of t R N A  (5 m g / m l  T E )  was ad d e d  

to D N A  solut ion,  which was then ad d e d  to the column.  Afte r  cent r i fugat ion (400
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x g, 5 min),  specific activity of  labeled  D N A  was d e t e r m in e d  using a scinti llation 

c o u n te r  (1217 R ack B e ta ,  L K B  Pharm ac ia ) .  In co rp o ra t io n  of  10s c p m / , . g  D N A  was 

accep tab le  for  use in n o r th e rn  analysis.

cDNA probes .  A f t e r  i solat ion o f  p lasmid D N A  as des c r ibed  above ,  res tr ict ion 

diges t ion was  p e r fo rm ed  as follows. T h e  F c 7RIIo c D N A  insert including the 5' 

un t r an s la t ed  an d  signal regions , and the  first 43 base  pai rs enc od in g  the re cepto r  was 

isolated by diges t ion o f  p lasmid 4018 (Ravetch ,  1986) with B am  111 and  Pst 1. Th e 

F ctR ID  cD N A  insert  was i solated  by diges tion of  p lasmid 390] (R avetch,  1986) with 

Pst 1, resul t ing in a 285 base pair  c D N A  conta in ing the 5' un t ra ns la t ed  region.  Th e 

Fc^RII c D N A  insert  co rr espond ing  to the 5 ’ ext racel lu lar  coding region was i solated 

by diges t ion o f  p lasmid 3901 with Bam  H I  and Bgl II.

N orth ern  blot an a lys is .  T o ta l  ce l lu lar R N A  was isola ted f rom cells af ter  

gu an id in ium  thiocyana te  lysis and  centr i fugat ion th roug h 5.7 M ces ium chlor ide  as 

desc r ib ed  by Chirgwin (1979).  To ta l  R N A  was e l ec t ro p h o re s e d  on a 1.2% agarose  

gel and  t ra ns fe rr ed  to ni t rocellulose (Mania t is ,  1982). Blots were  hybr id ized with 

[3T ] - l a b e l e d  c D N A  pro bes  at  42° for 18 hr in a solut ion con ta in ing 5 0 %  fo rmamide,  

10 %  dext ran  sul fate,  5x SSCPE,  ( I X  SSC is 0.15 M NaCl ,  0.015 M N a  ci trate.  0.01 

M K H 2P 0 4, 0.001 M E D T A ) ,  IX  D e n h a rd t s  (0 .02%  polyvinylpyrrol idone.  0 .02G 

Ficoll,  an d  0 . 02% BSA),  100 ,*G/ml o f  sonicated  sa lm on  spe rm  D N A ,  and 10r 

c p m / m l  of  32P - c D N A  p r o b e  (17). Blots we re  exposed  to K oda k  X A R  film anti 2
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intensi fying screens  ( D u p o n t  C ro n ex  Ligh ten ing Plus) af te r  wash ing in 0.1X SSC 

con ta in ing  0 .1% SDS at  50°. D e n s i to m e t ry  was p e r f o r m e d  using an  LKB  

d e n s i t o m e t e r  (Ul t roscan ,  XL).

P IP L C  d igest ion .  C ont ro l  or  r IL-6 s t imula te d  a d h e r e n t  J774a cells ( 106) in 24 well 

p la tes  w e re  incuba te d  (1 h, 37°) wi th Bacillus tlutringiensis phosphat idyl inos i to l -  

specific phosph ol ipas e  C  (P IP L C )  (wi th a final activity of 5 ^ m o l / m i n / m l  m e a s u r e d  

by hydrolysis of  phosphat idyl  inosi tol )  gene rous ly  p ro v ided  by M. Low (C o lu m b ia  

University,  New York,  N Y )  (Low,  1988). A f te r  washing pla tes  wi th PBS-BSA,  cells 

were  in cu bat ed  wi th [ ,?5I]-2.4G2 (0.5 ml, 5.5 2 .4 G 2 / m l ,  5.5 x 105 cpm/Vg).

Nonspeci f ic  b inding was d e t e r m in e d  in a para l lel  incubat ion with equivalent  

radioact ivi ty of  [ ’“ IJ-2.4G2 of  low specific activity (200 2 .4 G 2 /m l ,  1.5 x 10“

cpm/Vg) .  As  a posi tive control  for  P IP L C  activity, we m e a s u r e d  by F A C S  the 

b inding o f  the  an t i -C D 1 6  F I T C - m A b  3 G 8  to P IP LC-d ig es ted  and control  h u m an  

neutrophi ls .
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Expre ss io n  o f  F c 7RII<» mRNA. T o  examine the express ion o f  F c 7R I F  . I used 

the  m acrophage- l i ke  cell line, J774a,  which synthes izes F c7R1L t ranscrip t ,  but  not 

F c 7RIIfl m R N A  (Weinschanck,  1988). This  was co nf i r med  by N o r th e rn  blot  analysis 

on  total  R N A  from J774a cells using F c 7R IL -sp e c i f i c  and F c 7R I F -s p ec i f i c  c D N A  

pro bes  (Fig. 2A and  B). Incuba t ion  o f  the J774a cells with IFN- ,  resul ted  in a 4- 

fold increase in the level o f  F c 7RIIa m R N A ,  w h e rea s  IFN--, did not  induce F c 7R I L  

m R N A  in e i ther  J774a  or S49.1 cells (Fig. 2A an d B). Only  the F c 7R I F  transcript  

was expressed in S49.1 cells (Fig. 2B),  as repo r t ed  previously (1).

An ELIS A  for FcTRIIa I deve loped an ant ibody that would  bind specifically to 

F c 7RIIa by immunizing rabbi ts  wi th K L H - co n ju g a t ed  synthetic pep t ides  

co r re spond ing  to the  cytoplasmic d o m a in  o f  F c 7R1L (F igure  3). Pept ide  A, 

R R N L Q T P R E Y W R K S L C ,  is the  p re d ic ted  m e m b r a n e - p r o x im a l  s eq u e n ce  f rom 

res idues  206 to 220 and pep t ide  B, K S L S I R K F I Q A P Q D K C ,  is the  p redic ted  

carboxyl- terminal  s eq u en ce  f rom res idues  218 to 231 (Rave tch ,  1986). Both  pept ides  

had cysteine (not p re sen t  in the  F c 7RIIo seq u en ce )  ad d e d  at the C O O I  1-terminus to 

faci li tate coupl ing to proteins .  Pur if icat ion of  ant isera  f rom the  rabbi t  injected with 

pep t ide  A  yielded 1 mg of specific I g G / m l  sera  an d  an t i ser a  f rom the  rabbi t  injected 

with p ep t id e  B yielded 0.4 mg of  specific I g G / m l  sera.
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J774A S49 I
y -

B
S49-I J774A

-28S “28S

-I8S
-I8S

QJ774A S49 I

y - r

-I8S

-20S
Fig. 2 Effects of IFN-t on Fc7RII mRNA levels in J774a and S49.1 cells. Cells

were grown in suspension culture in the presence or absence of IFN- 
i (100 U/ml) for 24 h before the preparation of RNA and Northern 
analysis as described in Materials and Methods. Two blots were 
prepared with 10 *g of total RNA loaded in each lane and hybridized 
with Fc7RIla-specific (A) and Fc7RII*-specific (B) cDNA probes. Blots 
were exposed on XAR film for 18 hours (A) and 66 hours (B). Blots 
were stripped and rehybridized with an «-actin cDNA probe for 
normalization of RNA (C).



40

3 U T

100 bp

P e p t i d e
2 0 6 2 2 0

P e p t i d e
2 1 8 2 3 1

R R N L Q T P R E Y W R K S L S I R K H Q A P Q D K
2 0 6  2 3 1

Fig.3 S eq u en ce  o f  synthetic  p ep tid es .  P ep t id es  A and  B were syn th esized  as
pred icted  from the cy to p la sm ic  Fc^RIIa c D N A  seq u e n c e s  in d ica ted .
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I used these  an t i -pept ide  sera  in a sandwich E L IS A  for F c 7R I L .  E i the r  anti- 

F c 7RII m A h  2.4G2 or  a rabbi t  an t i serum  d i rec ted  agains t  the ext racel lu lar  d om ain  

of  F c 7R I E  ( Q u , 1988) was  a d s o r b ed  o n to  microt i t er  p la tes  which w e re  then 

incub ated wi th the  J774a  and S49.1 cell Ivsates. F c 7R I L  that  was b o u n d  to the  plate 

was then  visual ized with ant i -p ep t ide  IgG.  Only  ant isera  elici ted bv im muniza t io n  

wi th the  carboxyl  terminal  pept ide ,  pep t ide  B, gave a signal over  backgro und  in this 

assay. T h e  con fo rm at ion (s )  of p ep t ide  A recognized by the an t i -pept ide  ant ibody 

may differ f rom the  conform at ion(s )  in the nat ive prote in .  T h e  E L IS A  is specific for 

F c 7R I L ,  an d  d oes  not give a posit ive signal with lysates of  S49.1 cells, which express 

F c 7R I E 1  and F c 7R I L 2  m R N A  (Fig. 4a). T h e  s am e  specificity was obser ved  when 

the  E L I S A  plates  were coa te d  with e i ther  a n t i -F c7RII m A h  2.4G2 (Fig.4a).  or  with 

a polyclonal  rabbi t  sera  elici ted by immun iza t ion  with a t ru nca ted  rF c 7R I L  that  has 

the t r a n s m e m b r a n e  and  cytoplasmic  domains  d e le te d  (Fig. 5a).  In para l lel  with the 

increased a b u n d a n c e  o f  F c 7R I L  m R N A  levels obser ved af te r  IFN-i  s t imula t ion  of 

J774a cells (Fig. 2a),  a great  increase  in Fc7R I L  was obser ved in lysates from IFN- 

-r-st imulated J774a cells relat ive to uns t imula te d  cells (Figs. 4b,  5b).  ELIS A  of 

F c , R I L  in a m e m b r a n e  f ract ion o f  J774a cells resul t ed  in redu ced  backg round  

re la t ive to tha t  in total  cell lysates, suggesting an e n r ic h m en t  of  F c 7R I L  in the 

m e m b r a n e  f ract ion (Fig. 6). T h ese  expe r imen ts  d e m o n s t r a t e d  that  Fc7R I L  prote in  

is t rans la te d  as p redic ted  by its m R N A  transcr ip t ,  wi th a cytoplasmic tail anil 

ext racel lu lar  domain .
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D etection  o f  F c7R l la  by E LISA . C ells  grown as in Fig. 1 were lyscd  
and assayed  on m icrotiter  p la tes  coated  with m Ah 2 .4G 2 as  described  
in M a ter ia ls  and M ethods. (A) Specif ic ity  o f  a n t i-p ep t id c  B antibody.  
J 7 7 4 a  cell lysates  (* ^  ) and  S49.1 lysates  ( » , o )  were in cu b ated  with 
e ith er  a n t i-p ep t id e  B IgG (* ,•)  or  n orm al rabbit Ig (a ,»). (B) IF N -7 
e levation  o f  F c 7RII« exp ress ion .  Lysates o f .1774a ce l ls  (A ),  J 7 7 4 a  cells  
in d u ced  with 100 U / m l  IF N -7 (a ), S49.I  ce l ls  (»), and  S 49 .I  ce lls  
in d u ced  with  IF N -i  (•)  were assayed  with an t i-p ep t id e  B a n tiseru m .  
The d ata  are  representative  o f  three exp er im en ts .
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D etec tion  o f  F c 7RIIa by E LISA . C ells  grown as in Fig. 1 were lysed and  
a ssa y ed  on m icrotiter  p la te s  coa ted  with rabbit a n t i -F c 7RIl antibody  
a s  d escr ib ed  in M a ter ia ls  and  M eth o d s .  (A) Spec if ic ity  o f  an ti-p ep tid e  
B antibody . J 7 7 4 a  cell lysates  ( a  , a  ) and  S49.1 lysates  (•,») were  
in cu b a ted  with  e ith er  a n t i-p ep t id e  B IgG ( a  ,•) o r  norm al rabbit Ig 
( a  , o ) .  (B ) IF N - 7  e levation  o f  F c 7RIIa ex p ress io n .  L ysates o f  J 7 74a  
c e l ls  ( a  ) , J 7 7 4 a  ce l ls  in d u ced  with 100 IJ /m l IF N -7 ( a  ), S49.1 c e l ls  (<>), 
an d  S49.1 ce l ls  in d u ced  with IF N - i  ( • )  were a ssayed  with an t i-p ep t id e  
B an t iseru m . T h e  data  are rep resen tative  o f  three  exp er im en ts .
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Fig. 6 D etect ion  o f  Fc7RII<« in m em b ra n e  lysates . M em b ra n es  were iso lated
from c e l ls  in su sp en s io n  cu ltu re ,  lysed in N P -4 0 -c o n ta in in g  buffer, and  
a ssa y ed  for Fc7RII<« a s  in Fig. 2. B in d in g  o f  a n t i-p ep t id e  B antibody  
to J 7 7 4 a  (* ), S49.1 (•*), an d  L5178Y  (F c 7RII negative)  ce l ls  (& ).
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Expression of Fc.,RU» in Peritoneal Macrophages. I qu an t i f i ed  the  express ion 

o f  F c 7R I L  in rest ing p e r i t one a l  m ac r o p h ag es  an d  m a c r o p h a g e s  el ici ted with viable 

B C G  or  th ioglycol la te  broth .  R e s id en t  and  thioglycolla te-el ici ted  m a c ro p h a g es  

expressed eq u iva len t  levels o f  F c 7R I L ,  but  no F c 7R IU  was  de tec tab le  in BCG - 

el ici ted m a c r o p h a g e s  (Fig.  6). Th i s  is in d r a m a t ic  contras t  to  the  results  of 

Ezeko witz  e t  al. (1981),  w h o  found  roughly equiva le nt  levels o f  b i nding of  m A h  

2.4G2  to  re s id en t  p e r i t onea l  m ac r o p h ag es  and BCG -e l i c i t ed  m ac rophag es .

1 next ex a m in e d  the  regu la t ion  of  F c 7R I L  synthesis by di f fe ren t  lymphokines.  

Init ial  s cr eening  o f  re la t ive F c7RI1 levels was d o n e  by m easu r in g  the b inding of  m A b  

[’“ IJ-2.4G2 to v iable J7 7 4 a  cells t r e a t e d  with physiologic doses  o f  the d i fferent  

lymphokines .  M os t  lymph ok ines  h ad  no  ef fect  o n  the  b i nding o f  [ ’“ I]-2.4G2. 

Ho weve r ,  the  ra t ios o f  [ ' ” I ]-2.4G2 b o u n d  to rIL-6 i n d u c e d / c o n t r o l  J774a  cells was 

1.9 i .22 (T a b le  3). Initial ex pe r i m en ts  we re  d o n e  wi th 500 U / m l  rIL.-6, but the 

ef fect  was also obse rved  with 25 U / m l  of  rIL-6. T h e  ex p e r im en t s  w e re  reprod uc ib le  

wi th d i f ferent  lots o f  rIL-6 and  we re  r e p e a t e d  6 t imes , with an  ave rage  ra tio of 

[12SI]-2.4G2 b o u n d  to r I L -6 - in d u ced /c o n t ro l  cells of  1.8 ± .22. Inc re a se d  express ion 

o f  F c7R II  was  ev iden t  with in  48 h o f  r IL-6 addit ion ,  an d  was  s table  at 96 h. Since 

intact  cells w e re  used in this assay, only p la sm a  m e m b r a n e  F c 7RII  was mea su red .  

T o  d e t e r m in e  if the  inc rease  in F c 7RII  r e p re s en t e d  an  increase  in total  ce l lu lar 

F c7RII,  the  levels o f  F c 7R II  in total  cell lysates of  r I L-6 - t r ea t ed  versus  u n t r e a t e d  

J774a  cells w e r e  co m p ar ed .  I obser ved  para l le l  increases  in m A b  2.4G2 b ind ing to 

in tac t  cells (Fig.  8a)  a n d  to  whole  cell  lysates (Fig  8b )  af te r  r IL-6  s t imula t ion.
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Fig. 7 F c iR I U  ex p ress io n  in d ifferent p er itonea l m a c r o p h a g e s  p o p u la t io n s .
M a cro p h a g es  w ere iso la ted  by p er itonea l lavage, an d  non-adherent  
ce lls  rem oved  a fter  in cu b at ion  in cu ltu re  p la te s  for 2 h. T he  adherent  
ce lls  w ere  lysed as  before and  assayed  for Fc,RlI«» E L ISA  as in Fig. 
2. T h iog lyco lla tc -e l ic ited  m a cro p h a g es  ( 4  ), B C G -e lic ited  m a cro p h a g es  
( • ) ,  res ident p er iton ea l m a cro p h a g es  ( . ) ,  and S49.1 c e l ls  ( a  ) .
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T a b le  3. Effec t  o f  lymphokines  on  F c 7RII  expression.

L vm p h ok in e  U n i t s /m l  R ound mAb 2 .4C 2
(or d ilu t io n )  (n g /lO *  ce lls )

24 h 48 h

E xp er im en t 1

C on tro l — 16.5 * 0.1 18.2 . 0.2

Int er leuk in  6 500 18.4 *. 1.7 29.4 . 0.3

Int er leukin  2 500 16.3 * 0.1 16.8 . 0.6

Inter leuk in  3 100 17.3 * 0.1 18.2 * 0.2

G r a n u l o c y t e / M a c r o p h a g e  C S F 100 17.9 * 0.4 16.8 * 0.1

M ac ro p h ag e  C S F  1:300,000 17.1 . 0.6 17.1 * 0.6

T u m o r  Necros is  F ac to r  a 100 19.1 * 1.1 18.8 i 0.7

In te r fe ron  p 100 15.9 , 1.3 18.3 * 0.9

In te r fe ron  a 100 18.0 ± 0.6 19.7 s 1.5

E xperim ent 2

Cont rol --- 21.0 i  1.7 N.D.

Inter leuk in  4 100 24.0 * 1.0 N.D.

T ra n s fo rm in g  G r o w th  F ac to r  - e  100 22.7 , 0.6 N.D.

Effect o f  lym p h ok in es  on  F c7RII exp ress ion .  J 7 7 4 a  ce l ls  were cu ltured  in the  
p resen ce  o r  a b sen ce  o f  var iou s  recom b in an t or purified  ly m p h o k in es  at 100 U / m l ,  
u n less  otherw ise  sta ted , for 48 hours. C ells  were in cu b ated  with  [ ,25I ] -2.4G 2 and  
u n lab e led  2 .4G 2 (0.5 ml, 5.2 <ig/ml, 3 .9 x 10s cpm /<ig) a s  descr ib ed  in M a ter ia ls  and  
M eth od s .  T he  d a ta  are rep resen ta tive  o f  three  exp er im en ts .
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Effect o f  rIL-6 on F c 7RII ex p ress io n .  J 7 7 4 a  ce lls  were cu ltu red  in the  
presen ce  or  a b sen ce  o f  25 U / m l  o f  rIL-6 for 48 h. (A) P lasm a  
m em b ra n e  F c ,R II .  Intact c e l ls  w ere in cu b ated  with [ '“ IJ-2.4G2 (0.5  
m l, 5.5 i t g  2 .4 G 2 /m l ,  3 .4  x I 0 5 cp m /» .g )  in P B S -B S A  a s  d escr ib ed  in 
M a te r ia ls  and M eth o d s .  T h e  d a ta  are  rep resen ta t ive  o f  six  
exp er im en ts .  (B) T ota l c e l lu la r  F c 7RII. .1774a cell lysates  were  
p repared  from the rIL -6 -s t im u la ted  (* ) and  con tro l  g ro u p s  ( a  ) and  
b in d in g  o f  m A b 2 .4G 2 w as m e a su r e d  in an ELISA  as descr ib ed  in 
M a ter ia ls  and  M eth o d s .
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N o r th e r n  analysis o f  total  R N A  revea led  that  r I L - 6  s t imula t ion resul ted  in an 

increased  a b u n d a n c e  o f  F c 7R I L  m R N A  (Figs. 9a,  11a), but  not  F c 7R1L (Fig. 9b) 

m R N A  in J774a cells. I expected  to observe  a c o m p a r a b l e  rise in F c 7R I L  prote in ,  

but  analysis of  lysates f rom four  in d ep en d e n t  expe r i m en ts  by E L IS A  showed the 

s a m e  level of F c 7 RII» p rote in  in r IL - 6  induced  and  control  J774a cells (Fig. 1 0 ). T he  

E L IS A  is clearly sensit ive enoug h to detec t  small  changes  in F c 7R I L  express ion 

(Figs. 4,5,7,8).

W e r e  there  a glycan-phosphat idylinos i to l  a n c h o red  form of  I c \ R I L .  the 

F c 7R I L  E L IS A  would  not  detec t  it, since the cytoplasmic  d o m a i n  would  be absent .  

1 looked  for GPI- l ink ed  F c 7RII by measur ing  binding of  [ ,JM]-2.4G2 to rl l .-d induced 

versus  un induced  J774a cells that  had been  diges ted  with PIPLC.  T o  conf irm activity 

o f  the  P IPLC,  I examined  re lease  of  h u m an  F c 7RIII  (C D 1 6 )  f rom neutrophi ls .  No 

chang es  in b ind ing  of  [ '“ I]-2.4G2 were  obse rv ed  af te r  d iges t ion with PIP1..C of e i ther  

control  or  r IL - 6  induced  J774a cells. This  was not  d u e  to inact ive P IPLC,  since the 

h u m a n  neutroph i l s  showed a d ra m a t ic  de c re a se  in m A h  F IT C -3 G S  binding to 

h u F c 7RIII (C D 1 6 )  af ter  diges tion with P I P L C  as r e p o r t ed  previously (Selvaraj ,  1988; 

Huiz inga,  1988; Rave tch ,  1989; Scallon,  1989; U ed a ,  1989).

B ec ause  r IL - 6  induced J774a cells lack F c 7RII/i m R N A ,  d o  not  express  h igher  

levels o f  F c 7 RIIo pro te in ,  but express  h igher levels o f  F c 7RII as d e t e r m i n e d  by m A h  

2.4G2 binding,  I p ro b e d  R N A  from rIL-6 -s t imuIated cells for the pr esen ce  of  a 

novel  F c 7RII m R N A .  I used a c D N A  p ro b e  en c od in g  the N H j - t e rm in a l  Ig-like 

d o m a in  f rom res idues  16 to 80 of Fc 7 R I b ,  which should  hybridize to all F c 7Rl l



t ranscripts.  In addi t ion  to the F c 7RIIa m R N A ,  this c D N A  p ro b e  hybrid ized with a 

m R N A  a b o u t  the  sam e size as the F c 7RII<?1 m R N A  (Fig. 9C).  T h e  am o u n t  o f  the 

larger  t ranscr ip t  was e l eva ted  at 48 h bv induct ion o f  J774a cells with IL - 6  (Fig. 1 lb). 

A c D N A  p ro b e  f rom the  5 ’ un t ra ns la t ed  region o f  F c 7R I b  failed to hybridize to this 

larger t ranscrip t  (Fig. 9B),  so it ca nno t  be e i the r  F c 7 RII<j1 or  F c 7 R I F 2 .  I suggest  

tha t  t rans la t i on o f  this novel  F c 7RII  m R N A  results in a r e cep to r  bea r i ng  a m A b  

2.4G2 epi tope .
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Northern blot analysis of Fc7RII« mRNA expression. J774a cells were 
incubated in the presence or absence of 25 U/ml of rIL-6. Two blots 
were prepared with 50 »g of total RNA loaded in each lane and 
hybridized with (A) Fc.,RII«-specific and (B) Fc7RIIp-specific cDNA 
probes described in Materials and Methods. (C) Blot A was stripped 
and reprobed with an Fc.,RII encoding the NH2-terminal Ig-like 
domain from residues 16 to 80 of Fc^II*  as described in Materials 
and Methods. (D) Blots A and B were exposed for 1 week, stripped 
and reprobed with a glucose phosphate dehydrogenase (GPDH) cDNA 
probe for normalization of RNA.
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Fig .10 F c 7RIIo exp ress ion  in IL -6-indiiced  J 7 7 4 a  ce lls .  J 7 7 4 a  ce lls  were  
cu ltured  in the  p resen ce  or  a b sen ce  o f  25  U / m l  o f  rIL-6 for 48 h. 
J 7 7 4 a  ce ll  lysates  were p repared  from th e  rIL -6 -s t im u la ted  (* ) and  
u n st im u la ted  grou p s ( a  ) and  F c 7RI1<» w as m easu red  in EI.ISA u sin g  
m A b 2 .4G 2-coated  wells  as descr ib ed  in M a ter ia ls  and  M eth od s .  The  
data  are representative  o f  four exp er im en ts .
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Fig. 1 1 Fc7RII m R N A  levels  in IL -6-induced  J 7 7 4 a  ce l ls .  D en s ito m etry  o f  the 
a u to r a d io g r a p h s  show n in (A) Fig. 9a  and  (B ) 9c w as  perform ed  as described  
in M a te r ia ls  and M eth od s .
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T w o  dist inct  m ur ine  F c 7RII genes,  m u F c 7R I I a and  m u F c 7 R I L ,  arc  t ranscr ibed 

in m acrophages ,  N K  cells an d  mesangia l  cells (R avetch,  1986; Lewis,  1986; Hibbs.  

1986; Santiago,  1989), or  in macrophages  and  lymphocytes  (Ravetch,  1986), 

respectively.  A m i n o  acid analysis of  F c 7RII f rom the  S49.1 cell l ine shows that  the 

nat ive p ro te in  m a tch e s  exactly that  predic ted  by the F c 7R I L  c D N A  s eq u e n ce  (Pan.

1987), bu t  s imi lar  ident i fica t ion of  the  nat ive F c 7R I L  pro te i n  s eq u e n ce  has  not b ee n  

ob ta ined .  T h o u g h  Fc7R I L  and  Fc 7 RII/> ar e  qui te  s imi lar  in the i r  ext racel lu lar  

do main s ,  d i f ferences  in thei r  cytoplasmic  dom ains  should  allow for the  detec t ion  of 

the nat ive Fc 7 RIIc> prote in ,  if present.

I have  d e m o n s t r a t e d  that  Fc7R I L  is synthes ized as a full length,  m em b r a n e -  

spann ing p ro te in  upon analysis bv ELIS A  of  J774a  cells express ing the I c 7 R11 . 

m R N A .  In this system, the  cytoplasmic d o m a in  o f  F c 7R I L  is b o u n d  by the 

an t i s e ru m  d irec t ed  against  the 15 carboxyl terminal  residues,  w h e reas  the  ec to d o m a in  

o f  the  r e c ep to r  is recognized by e i ther  m A h  2.4G2 or  a rabbi t  a n t i -F c7Rl l  ant ibod)  

elici ted by a t r u n ca te d  r F c 7R I L  that  conta ins  only the ec to d o m a in  of F c 7RII (On.

1988).

Im m u n iza t io n  o f  rabbi ts  with e i ther  pep t ide  A or  pep t ide  B, co r re spo nding 

to  dist inct  cytoplasmic  d o m a in s  of  Fc 7 RIIa ,  resulted  in the  gen e ra t i o n  o f  ant i -pept ide  

B Ig, which re ac ted  with native  re cep to r  and ant i -p ep t ide  A Ig, which did not  bind 

Fct R I L  . Several  fea tures  may influence the  ability o f  ant i -pept ide  an t ibod ie s  to bind
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the  nat ive sequence .  H o p p  & W o o d s  (1981) initially obse rv ed  that  many ant igenic 

d e t e r m in a n t s  o f  a pro te in  are  wi thin or  adjacent  to highly hydrophi l ic  regions  of  the 

prote in .  In addit ion ,  T a i n e r  (1984) r e po r t ed  that  ant i -p ep t ide  an t ibod ie s  gene ra ted  

agains t  regions  o f  high a t om ic  mobility,  or  flexibility, react  strongly with the native 

p ro te in ,  w h e rea s  an t i -pept ide  an t ibodies  synthes ized against  pep t ides  co rrespon ding 

to we l l -o rdered  regions  of  the  p ro te in  are  non-react ive  wi th the prote in .  Based on 

thei r  correlat ive  s tudies  b e tw een  the ant igenici ty of  a site and its accessibility to 

large spheres,  Novotny et al. (1986) theor ized that  the flexibility of  ant igenic 

d e t e r m in a n t s  are  a co n se q u en ce  of  the i r  accessibil ity to ant ibody d o m a in s  and that 

this accessibil ity is a m o re  consis tent  p re dic to r  o f  ant igenici ty th an  is flexibility. 

Cons is t en t  wi th this idea ar e  the  d a ta  of  Fieser  et al. (1987).  which suggest that  the 

there  is a posit ive corre la t ion  b e tw een  the ability of  the pept ide  to adop t  secondary  

s t ructu re  at the  ep i topes  and  its success in elicit ing ant i -p ep t ide  an t ibod ies  that  are 

react ive with protein.

T h e s e  factors  need  to be conside red  to explain why pep t ide  13, co rrespond ing  

to the  f i fteen a m in o  acids most  proximal  to the  carboxyl te rm inus  of  F c , R I F ,  

induced the  synthesis o f  an t ibod ies  which we re  react ive with the  nat ive protein,  

w h e rea s  p ep t ide  A, which ma tches  the  f i fteen am in o  acids ad jac en t  to the 

t r a n s m e m b r a n e  d o m a in  o f  the  nat ive prote in ,  did not  elicit an t ibod ies  which 

recogn ized the  intact  prote in .  It is possible tha t  the  p ep t ide  B cog na te  is more  

access ible to  the  ant ibody-binding d o m a i n  than  is the  region on  the  re cep to r  

c o r re spond ing  to pep t ide  A, since p e p t ide  B includes  the  free C O O H - t e r m i n a l
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re s idue  of  the  recep to r .  Bo th  p ep t ides  a r e  hydrophi lic,  suggest ing that  this factor is 

not  responsible  for the  d i f ferences  in an t ibod y recogni t ion  o f  the  co gna te  sequence .

U s ing  the  F c 7R I L  ELIS A,  I have d e m o n s t r a t e d  that  the  level of F c 7R I L  

express ion var ies in d i f ferent  popu la t ions  o f  m ac rophag es .  Ezckow i tz  et al. (1981) 

m e a s u r e d  the  b inding of  m A b  2.4G2 to m ac r o p h ag e  popula t ions ,  an d  r e p o r t ed  that 

BCG -e l i c i ted  an d  res iden t  m a c ro p h a g es  had roughly the  s am e  n u m b e r  of  m A h  2.4G2 

binding sites, which was  - 3  fold lower  th an  that  o f  thioglycollate elicited 

m ac rophag es .  U p o n  analysis of  m acr o p h ag es  at the level of  individual  F c 7RII gene 

express ion,  however ,  I found that  re s ident  an d  BCG -e l i c i ted  m ac r o p h ag es  differ 

dramat ica lly ,  since the  la t t er  do  not  synthes ize F c 7 R1L prote in .  Rest ing and 

thioglycol la te-el ici ted pe r i tone al  m ac ro p h ag es  a r e  bo th  actively phagocyt ic  co m p ar ed  

to BCG -e l i c i ted  m ac rophag es ,  which ar e  poor ly  phagocytic  (Ezekowit z ,  1981). This 

suggests  tha t  F c 7R I L  may play an im por t an t  role in phagocytosis.

I F N - t s t imula t ion  caused a 4-fold e levat ion  of  the  a m o u n t  of  F c 7R I L  m R N A  

an d  a h igher  level o f  F c 7R I L  pro te in  relat ive to control  cells. F u r th e rm o re ,  

W e in shanck  d e m o n s t r a t e d  that  the increased level o f  F c 7R I L  t ranscrip t  paral lels  

e n h a n c e d  phagocytos is  of  opson ized  sh ee p  red  blood  cells by J774a  cells. As 

suggested  by the  p a t t e r n  o f  F c TR I L  express ion I obse rved  in pe r i t one a l  m ac rop hages ,  

this posi tive co rre l a t ion  b e tw een  the  phagocyt ic capaci ty o f  the  IF N - i - i n d u c ed  J774a 

cell an d  its level of  F c TR I L  express ion impl ica tes F c TR I L  as a m e d i a t o r  of 

phagocytos is by m ac rop hages .

I F N - t s t imula t ion  o f  monocytes ,  m ac rophag es ,  an d  neu t ro ph i l s  m ed ia t e s  a
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var ie ty of  ce llu lar effects.  N a th a n  (1983) d em o n s t r a t e d  that  t r e a t m e n t  of hu m an  

m ac r o p h ag e s  with r I F N - 7  resul ted  in e n h a n c e d  oxidat ive m e ta b o l i s m  and 

an t imicrobia l  activity of  the cell. M ore over ,  several  g roup s  ex a m in e d  the F c 7R 

express ion of  in h u m a n  neu tro phi ls  an d  monocytes ,  and  found that  r l F N - ,  great ly 

increased the  express ion of  F c 7RI in b o th  cell types (Peruss ia ,  1983; Guyre ,  1983; 

Pet roi ,  1988). This increased express ion in the neu trophi l  co r re la t ed  with enh a n ced  

phagocytos is an d  A D C C  (Pet roni ,  1988).

Th ese  mul tip le  effects of  I F N - 7 up on  bo th  F c 7 R - m e d ia t e d  funct ion and 

express ion must  be  cons idered  in re la t ion  to o u r  f inding that  IFN--, s t imula tes  

F c 7RIIa expression.  T h e  effect  o f  I F N - 7 u p o n  r e ce p to r - m e d ia t e d  funct ions  in J774a 

cells need to be analyzed.  In addit ion ,  the  influence of  I F N - 7 u p o n  synthesis of 

F c 7RI  in m uri ne  m acrophages  needs  to be  ad d res sed  and  co r re la ted  to the levels of 

re ce p to r -m e d ia t ed  function.

T h e  role of F c 7R I L  in re cep to r -m e d ia t ed  events  o t h e r  t h an  phagocytos is  is 

a lso unclear.  I observed  an  absence  of  F c 7R I L  in BCG -e l i c i ted  m ac rophag es .  

T h e s e  cells exhibi t  e n h a n c e d  re lease  of  react ive oxygen in te rm ed ia te s  an d  ant ibody 

d e p e n d e n t  cell cytotoxicity (N a th an ,  1977,1980).  T h e r e fo r e ,  the  d a ta  suggest  that  

F c 7RII<. may not  b e  essential  for t r iggering thes e  ce l lu lar  responses .  O n  the 

contrary ,  Peruss ia  e t  al. (1989) have suggested  that  F c 7R I L  on the  surface  o f  NK 

cells m ed ia t e s  A D C C  of  ant ibo dy -coated  YAC-1 target  cells, by d em o n s t r a t i n g  

inhibi t ion of  A D C C  with an t i -F c7RII m A h  2.4G2.  T h e  r e c e p t o r ’s role in this event  

is not  def ini tive e i ther ,  however ,  since o ther ,  as yet  un desc r i bed  F c 7RII  molecule(s)  

may be expressed by these  cells.
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F c 7R I b  expressed on m ac ro p h ag es  may not  be  re q u i r ed  in m ed ia t ing  some 

of  thes e  re cepto r- as soc ia ted  events.  W e in sc h an ck  et  al. (1988) d e m o n s t r a t e d  that  

res iden t  pe r i t onea l  m ac rophag es ,  w h e n  s t imula t ed  with I F N - t, exhibit  low levels of 

FcTR I b  m R N A  re la t ive to u n s t im u la ted  cells, while main ta in ing  high FcTR I L  m R N A  

levels. S ince IFN-r  is known to e n h a n c e  A D C C ,  phagocytos is ,  an d  the  oxidat ive 

burst ,  F c TR I b  may  not  be  r e qu ir ed  to  m e d i a t e  these  responses ,  if the  recep to r  

p ro te in  levels co r re la te  with the m R N A  levels.

IL - 6  is a mult i funct ional  lympho kine  ( reviewed in Kishimoto,  1989). As  a 

s t imu la to r  o f  cell growth,  it acts u p o n  myelomas,  p lasmac ytomas ,  T  cells, and  

mesangia l  cells. IL - 6  al so induces  cell d i f fe rent ia t ion  leading  to Ig sec re t ion in B 

cells, the synthesis o f  acu te  phase  p ro te ins  in liver cells, an d  the  cytotoxic potent ia l  

in T  cells. Most  re levan t  to  this d iscussion is the  role o f  IL - 6  in s t imula t ing  the 

s ec re t ion  o f  Ig f rom B cells. This is in te res t ing  in light of  the  IL-6 - en h an ced  levels 

of  F c 7RII  t h a t  I observed.  In vivo, this novel  F c 7RII  may  be  indu ced  in t a n d e m  with 

Ig sec re t ion  by IL - 6  du r ing an  im m u n e  re sponse  to bind increased  levels o f  im m u n e  

complexes .  Indeed,  I L - 6  has  been  sh own  to induce the  d i f f erent ia t ion  o f  m ouse  

myeloid  l eu k em ia  cells ( M l ) ,  which lead  to e n h a n c e d  phagocytos is  and express ion 

of F c 7RII (Miyaura ,  1988).

I obser ved that  s t imula t ion  o f  J774a  cells with r I L - 6  re su l ted  in a ~2- fo ld  

increase  in F c 7R I L  m R N A ,  a l thoug h this did no t  result  in an  e levat ion  o f  cell 

F c 7 RIIo p ro te in  titer. R u  et al. (1989) have d em o n s t r a t e d  that  the  •, subuni t  of  rat 

F c . R I  associa tes  wi th F c 7R I L .  In add i t ion ,  they have shown  that  the  efficiency of
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express ion of  surface  F c 7RII<» in CO S-7  cells t ransf ected  with F c 7RII<» c D N A  was 

marked ly  increas ed  w h e n  the  cells we re  co t ra ns fec ted  wi th bot h  F c 7R I L  and  7 

cD N A .  Thi s  suggests tha t  the  express ion o f  7 is the  l imi ting fac tor  in F c 7R I L  

expression.  It is possible tha t  the absence  of  increased  F c 7R I L  surface  p rote in  

express ion in IL-6 - induced cells which exhibi ted  e n h a n c e d  F c 7R I L  t ranscrip t  levels 

is due  to a l imi ting a m o u n t  o f  7 pro te in ,  which is not  indu ced  by IL-6 .

Since the  b inding of  m A b  2.4G2 to J774a cells w’as reproduc ib ly  induced  ~2-  

fold by r IL-6 , and  the  cells m ak e  no F c 7R I L  m R N A ,  it is likely that  the  IL - 6  may 

be  regula t ing the  synthesis of  a  previously unde f in ed  m e m b e r  of  the F c 7RII family. 

Indeed,  a F c 7R I L  c D N A  p r o b e  encoding  most  o f  the  N H j - t e rm in a l  Ig-like dom ai n  

hybridized to a m R N A  co-migra t ing with F c 7 R I L ,  an d  to  a larger,  novel  F c 7RII 

m R N A  species  which was  not de t ec t e d  wi th the  F c 7R I L  or  F c 7 RIL -sp e c i f i c  probes.  

This  novel t ranscr ip t  was  e n h a n c e d  in IL-6 -s t imula ted  versus  u n t r e a t e d  cells.

Recent ly ,  H ibbs  et al. (1988) r e p o r t ed  the a m i n o  acid s eq u e n ce  o f  two 

pept ides  which s ha red  8 0 %  homology to the  Fc7R I L  an d  F c 7R I L  seq ue nces  

su rround ing  the  two cysteine res idues  in the  first Ig-like domain .  H o g a r th  et al. 

(1989)  then  isolated ,  af te r  hybr id iza t ion with an  o l igonucleot ide  p r o b e  b a se d  on the 

novel F c 7RII  pep t ides ,  a c D N A  encoding a  new F c 7R ( F c 7 R 7), which shares  only 

4 3 %  a m in o  acid homology with the  e c to d o m a in s  o f  F c 7R I L  an d  F c 7 RII.  Since the 

a m in o  acid s eq u e n ce  of F c 7R 7 differs so marked ly  f r om  F c 7R I L  an d  F c 7R 1 L ,  it is 

unl ikely that  the  novel  m R N A  species  I obser ved en c o d e s  the  F c 7 R 7, since the  p robe 

I u sed  at  high s tr ingency was  co m p l im en ta ry  to the ex t racel lu lar  F c 7R I L  sequence .
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Clearly,  in o r d e r  to d e m o n s t r a t e  tha t  the m R N A  I have des c r ibed en c o d es  a re cep to r  

which bea rs  the  m A h  2.4G2 epi tope ,  the  c D N A  must  be  c loned an d  expressed.

In conclusion,  I have  d e m o n s t r a t e d  that  Fc7RIIo is a m em b r a n e - s p a n n in g  

r e cep to r  tha t  is expressed in a var ie ty of  m ac rophag es .  T h e  posi tive cor re la t ion  

b e tw een  Fc7RIIo express ion and the  ce ll ’s phagocytic capaci ty suggests that  the 

re cep to r  m ed ia t e s  endocytosis.  In addi t ion ,  I have  d e tec ted  the  p re sen ce  o f  a novel 

F c 7 RII,  which is likely to be an im por t an t  m ed ia to r  o f  i m m u n e  responses .
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I have shown that  F c 7R I E  is expressed as a t r a n s m e m b r a n e  prote in  in 

va r ious  m ac roph ages .  T h e  results o f  these s tudies  impl ica te  Fc7RIlo as a m ed ia to r  

o f  phagocytos is  in macrophages .  I have also identi f ied a novel mRN'A species of 

F c 7RII  pr e sen t  in macrophages .  T h ese  exp e r imen ts  suggest  tha t  the s t ructure  of  the 

m u r in e  Fc7R family is more  h e t e r o g en eo u s  than rea l ized previously.  It is p robable  

tha t  individual  F c 7R species  function distinctively f rom o n e  another .  Ex per im en ts  

ar e  now n e e d e d  to ascer ta in the following:

1 ) ce llu lar  events m ed ia ted  by the individual F c 7 R ’s:

2 ) regu la t ion  of  recep to r  expression;

3) re la t ionships  bet w een  s t ructure  an d  function of  the var ious  F c 7 R's;

4) signal t ransduc ing mechan isms

5) ce llu lar  d ist r ibut ion o f  individual  Fc 7 R ’s

U p o n  a co m ple te  un der s ta nd in g  of  the b iochemical  and molecu lar  intricacies 

of  these  recep tors ,  we can begin to u n d e r s ta n d  the  fine tuning o f  the cells involved 

in the  i m m u n e  response .
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