
I  n t  , A r c h  A i l e r g ; '  A p p l  I  r n m u n o l  I  9 9  I  : 9 4 :  l . + 4 -  I  - 1 1

IgE-Dependent Histamine-Releasing Factors
A Brief  Reviewt

In  1979,  Thueson e t  a l .  [ ]  were  the  f l rs t  to  repor t  a
h is tamine- re leas ing  ac t iv i t y ,  subsequent iy  te rmed h is -
tamine re leas ing  fac to r  (HRF) ,  f rom cu l tu red  human
m o n o n u c l e a r  c e l l s .  S i n c e  t h a t  t i m e ,  H R F ' h a s  b e e n  r e -
por ted  f rom a  var ie t l '  o f  ce l i  sources  inc iud ing  a lveo-
l a r  m a c r o p h a g e s ,  p l a t e l e t s ,  v a s c u i a r  e n d o t h e l i a l  c e l l s ,
B  and T  lymphocy tes ,  the  U93 l  monoc) ' te , , /macro-
p h a g e - i i k e  c e l l  l i n e ,  a n d  t h e  R P M I  8 8 6 6  B  c e l l  l i n e

t2 -51 .  Fur thermore ,  F IRF has  been found in  in  v ivo
f l u i d s  f r o m  n a s a i  i a v a g e s ,  l a t e - p h a s e  b l i s t c r  f l u i d s ,
l a t e - p h a s e  n a s a l  i a v a g e s  a n d  b r o n c h o a l v e o l i r l  l a v a g e
f l u i d s  t 6 - 9 1 .  A l l  o I  t h e s e  H R F  i n d u c e  i r o n c v t o t o x i c
c a l c i u m - d e p e n d e n t  h i s t a m i n e  r e i e a s e  f r o n t  h u r n a n  b a -
s o p h i l s .

T h e  e x a c t  m e c i t a n i s m  o f  H R F - i n d u c e d  h i s t a m i n e
r e l e a s e  h a s  b e e n  p r o p o s e d  b y  o u r  l a b o r a t o r y  t o  b e
I g E - d e p e n d e n t  [ 6 ,  l 0 ] .  T h i s  h a s  r e c e n t l v  b c e  n  c o n -
f i r m e d  b y  A i a m  e t  a l .  [ 9 ] .  T h a t  H R F  i n r e r a c t s  r v i t h
ce l l -bound IgE ' , vas  approached bv  t \ \  o  t i ' pes  o f
e x p e r i r n e n t s :  d e s e n s i t i z a t i o n  a n d  r e n r o v u l  o 1 -  s u r f a c c '
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I g E  f r o m  b a s o p h i l s  [  1 ,  1 2 ] .  F i r s t ,  b a s o p h i l s  t v e r e  d e -

s e n s i t i z e d  b y  i n c u b a t i n g  t h e m  r v i t h  a i r t i - i g E  i n  t h e  a b -

sence o f  ca lc ium.  Such t rea tment  renders  t l ie  ce i l  un-

respons ive  to  subsequent  s t i rnu la t ion  b ,v "  an1,  o t i re r
I g E - m e d i a t e d  s t i n r u l u s  i n  t h e  p r e s e n c e  c f  c a l c i u m  [ 1 3 ,
1 4 1 .  D e s e n s i t i z a t i o n  r . v i t h  a n t i - l g E ,  a b l a t e d  s u b s e q u e n t
re lease w i th  each o f  our  HRF-  anc i  desens i t i za t ion  u , i th

H R F  b l o c k e d  t h e  r e s p o n s e  t o  a n t i - i _ e E .  s t r o n s i v  s u ' -
ges t ing  t i ra t  I JRF ac ts  v ia  ce l l  sur face  lg i : .  The second
t , v ' p e  o f  e x p e r i m e n t  t h a t  s u p p o r t s  t h c  l g i :  d e p e n d e n c e
o f  o u r  H R F  i n v o l v e s  r e m o v a l  o f  I g E ,  1 ' r o r n  t h e  b a s o -
p h i l  s u r f a c e  r i ' i t h  l a c t i c  a c i d  [ 1 2 ] .  I { i i F  d o e s  n o t  c a u s e
h i s t a r n i n e  r c i e  a s e  f r o m  c e l l s  t r e a t e d  u , i t h  l a c t i c  a c i d .  A
r e s p o n s e  c a n  b e  r e s t o r e d  r v i t h  o n l v  I g E  m o l e c u l c s
f r o m  i n d i l ' i d u a l s  i v h o  r e s p o n d  t o  H R F .  T h u s .  u / e  u n -
c o v e r e d  a  h e r e t o f o r e  u n a p p r e c i a t c d  l ' u n c t i o n a l  h e t e r o -
g e n e i t y '  o i  i g E .  W e  h a v e  d e s i g n a t c d  t h e  l s E  u , h i c h

b i n d s  H I ì F  a s  ' I * q E , * ' .

i n  a n  e f f o r t  t o  d e f i n e  t h c  r e s p o n d i n g  p o p u i a t i o n .
6 4  a t o p i c  p a t i e n t s  w e r e  c o m p i ì r c c i  t o  l 7  s k i n - t e s t - n e g -
a t ive ,  nor rna t  sub jec ts  i v i th  respec t  to  the  lb i l i t l '  r - . f
t h e i r  b a s o p h i ì s  t o  r e l e a s e  h i s r a m i n e  t o  H R F .  F i l ' t y  p c r ' -
c c n t  o f '  a t o p i c s  r e s p o n d e d ,  * ' h e r c i ì s  n o n e  o f  o u r  n o r -
r n a l  d o n o r s  r e s p o n d e d  [ 1 5 ] .  S i n c e  H R F  i s  f o u n d  i n
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Abstract, A cytokine, termed histamine-releasing factor (HRF) and produced by many celi types, has be-
come the focus of research by many investigators due to its potential importance as a stimulus ìn chronic in-
flammation. We are producing and characterizing an HRF whìch causes IgE-mediated histamine release from
human basophils. Following extensive purification procedures, the molecule will be sequenced and synthe-
sized. A functional heterogeneity of lgE molecuies was revealed by these studies. We are currently producing
IgE antibody in vitro and testing the hypothesis that differential glycosylation is the basis for the heterogeneitv.
Knowledge of the structures and interactions of these molecules should advance our undcrstanding of allergic
and more chronic diseases.
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r , ' i v o  i n  l a t e - p h a s e  n u s a l  l e v a g e s  i i n C  l a r e - p h a s e  s k i n
b l i s t e r  t l u i d s , ' , v e  a s k e d  t h e  q u e s t i o n .  I s  t h e r e  a  l i n k . b e -
t \ v e e n  b a s o o h i l  r e s p o n s i v c n e s s  t o  H R F  a n d  t h c  l a t e -
p h a s e  r e a c r i o n ' l  i r r  a  r r a s u l  c h e l l e  n g e  s t u d y  o f ' p a t i c n t s
r v i t h  k n o w n  I u t e - l t i l i s e  r e l c t i t ) o s ,  t h c r e  w i ì s  a  s i g n i f i -
c : l n t  c r > r ' r ' c l a t i o n  b e t i , , ' e e n  t h s  b a s o p h ì l  h i s t a r n i n e  r c -
l c l i s e  t o  l - l R F  l n c l  t i r . -  s c v e  r i t ; v  o l '  I a t e  . s - v m p t o r n s  i r r
t h o s e  p a t i e n t s  e r p e r i e r r c i n g  a  l a t e - p h e s e  r e a c r i o n  [ 1 6 ] .
S i n c e ,  t s  m e n t i o n e d ,  o n l v  c e r l a i n  c i o n o r s  r e s p o i i d  t o
H R F ,  t h e  i i n k  b e n v e c n  H I I F  l n d  t h e  l a t e - p h a s e  r c a c -
t i o r i  m i t y  r x p l a i n  (  i )  * ' h 1 , '  o n l . v  a  s u b s e t  o f  i n d i v i c l L r a l : s
e x p e r i e n c e  a  l a t e - p h l s e  r c a c t i o n  ( i . e .  o n l l r  t h o s c  , , r , ' i t h

I g l . ' , , v h i c h  c a n  b i r r c i  H i ì l - ) .  a n d  ( 2 )  r v h y  c e r t a i r ' ì  p l r -
t i c n t s  e x p e r i e n c r  n l o r ' ù  s e v c r e  a l l e r g i c  r e s p i r a t o r l '  d i s -
e t s e .  S o m e  o f  t h e  b e s t  c l i n i c i t i  d a t a  s u p p o r r i n s  i h c  r e -
l e l l n c e  o f  H R F  c o r n c  [ r o m  t h e  l v o r k  o f  S a n r p s o n  e r
a l  I i 7 ] .  T h e y  s h o i v e c l  t h a t  s p o n t a n e o u s  p r o d u c r i o n  o t '
a n  l g E - d e p e n d e n t  I - [ R F  i n  f o o d - a l l e r g i c  c h i l d r e n  l v i t h
a t o p i c  d e r m a t i t i s  \ v a s  a b o l i s h e d  w i t h  a  s t r i c t  f o o c i  e l i -
m i n a r t i o n  c i i e t .

O n g o i n g  e x p e r i m e n t s  i n  o u r  l a b o r a t o r l ,  i n r . , o i v e
p u r i f y i n g  I - { R F  i n  o r c l e r  t o  u n d e  r s t a n d  t h e  f i r n c t i o n  o f
t h i s  c y t o k i n e -  a r r d  d e c i p h e r  t h e  m o l e c u l a r  b a s i s  a n d
i m p o r t i l n c e  o i  t h i s  a p p a r e n t  l g E  h e t e r o g e n e i t y .  I t  i s
r ,ve l l  recogn ized tha t  HRF f l rom mor - ronuc lear  ce l l  su-
p e r n a t a n t s ,  n a s a l  l a v a g e s  a n d  f r o m  t h e  U 9 3 7  c e l l  l i n e
a r e  v e r v  h e t e r o g e n e o u s .  E v e n  a t i e r  a  S e p h a d e x  G 7 5
s i z i n g  c o l u m n ,  t i r e  n a s a i - l a v a _ e e - d e r i v ' e d  H R F  h a s  a
l a r g e  p e a k  o f  h i s t a m i n e - r e l e a s i n g  a c r i v i t y  w i t h  a  d i s -
t i n c t  s h o u i d e r .  B e c a u s e  a  l a r g e  c o n s t a n t  s o u r c e  o f
F IRF is  necessary  in  o rder  to  pur i t l l  th is  cy tok inc ,  rve
r r e  c l r r r e n t l v  u s i n g  t h e  U 9 3 7  m o n o c y t e z / m a c r o o h l g c -
l i ke  ce l l  l i ne  rvh ic l - r  p roduces  HRF.  We have deve l -
o p e d  i , ì  p u r i f i c a t i o n  s c h e m e  f o r  t h e  i g E - d e p e n d e n t
U931 F iRF.  The cy tok ine  is  genera ted  by  growing  rhe
ce l l s  in  RPN,{ l  rv i thout  pheno l  red  fo r  21  h .  The resu l -
t a n t  s u p e r n a i a n t  i s  c o n c e n t r a t e d  a n d  p l a c e d  o n  a  S e -
p h a d e x  C 7 5  c o l u i n n  i n  p h - v s i o l o g i c l l  T r i s  b u f l ' e r .  T h e
HRF ac t iv i t y  e lu tes  in  a  b road peak  be t r ,veen L i  and
i ( l  k i l o c i a l i o n s .  T h e  f r a c t i o n s  c o n t a i n i n g  H R F  a c t i r  i t - v ,
a r e  c o n c e n t r a t e d  a n d  p l a c e d  o n  ; - l n  a n i o n - e x c h u n g e
f , lONO-Q co lumn i r r  T r is  bu f fe r  and e lu ted  r .v i th  an
i n c r e a s i n g  s a l t  g r a d i e n t .  H R F  a c t i v i t y  i s  f o u n d  i n  j

d is t inc t  reg ions  -  f ronr  0  ro  ( ) .3 - j  rU  sod iu in  ch lo r ide ;
be t rveen 0 .4  and 0 .6  , \ [  soc i ium ch lo r idc .  and t ìna t1 . " -
f r o n r  0 . 6 5  t o  I  r V l  s o d i u m  c h l o r i d e .  T h e  I g E - d e p e n c l e n t
H R F  i s  f o u n d  i n  t h e  s e c o n c ' l  p e a k ,  0 . 4 - 0 . 6  r V I  s o d i u m
c h l o r i d e .  T h i s  f r a c t i o n  i s  n e x t  c o n c e n t r a t e d  a n d
p l a c e d  o n  i t .  r e v c r s r - p h a s e  h i g h - p e r i o r n l a n c ù  l i q u i d
c h r o m a t o g r a p h i c  C - l  c o l u m n  i n  r h e  p r e s c n c e  o f  0 .  l , l , i

t r i l - l u t t r o a c c t i c  l c i r i  ( - f  F - \ ) e r r d  e I u t e t l  u , , i t h  u r r  i r r c r e a s -
i n g  a c e t o n i t r i l e  g r a d  i e n t .

T h e  I ' l  R F  l c t i v i t v  i s  r c p r o c i L i c i b l l  f ' o u r r d  i n  t h c  6 5  t , î
i r c e t o n i t r i l c  f ' n r c t i o n . , { t ' t e r  t h e  r c v e r s c - p h a s c  c o l u m n .
t h i s  I g E - c l e p r c n t i r : n t  I - { R F  r e t l i n s  b i o l o g i c t i  a c t i r  i t 1 , .  I t
s h o u l c ' i  b c  n o t e  r i  t h r r t  t h i s  I g E - c i e p c i r C c n i  F I I ì F  h a s  a
chron l l i t t . rg t 'L tph ic  pa t te i l l  c ' l i s t inc t  t ' rom l r r  i - lR I t r  ho-
n r o l t l g o L r s  t r )  c o n n e c t i v c  t i s s r r e  t c t i v l i i i n S  n e  p t i . . l e  I i l .
p L r r i t ' i e d  b y  l ì a c z a  e t  e l .  I  t i ] .  O u r  f u t u r e  p l a n s  i n c l u d e
r e f - i n i n g  t h i s  l . r u r i t - i c e t i o n  s c h e n r e  u s i n g  i t  l i r r _ 9 e  a m o u n t
o f  s ta r t ing  rna tc - i ' i a l  as  l ve i l  per l ' t t rm ing  v \ i cs te rn  b lo ts
t o  d o c u n r c n t  I g [ : '  b i n d i n g .  O n c e  t h ì s  i s  a c c o n - r p l i s h e d ,
w e  r v i l l  t r a n : ; [ e r  t h e  m a t e r i a l  t o  i r n n i o b i i o n  f o r  d i r e c t
u r n i n o  : r c i d  : e  q u c n c i n g .

. \ n  o b v i o u s  q u e s I i o n  e r i s e s .  I s  H R F  u  k n o r , v n  c y t o -
k i n e ' ?  T o  d a t e .  d e s p i t e  t h e  l ' a c t  t h a t  s o n r e  c y t o k i n e s ,
n o t a b l . , , '  h u n t a n  l e c o m b i n a n t  i n t e r l e u k i n - j ,  d o  c a u s e
b a s o p h i l  h i s t a m i n e  r e l e a s e ,  t h e i r  r n e c h a n i s m  o f  r e -
l e a s e  d o c s  n o t  r e s e m b l e  t h a t  o f  H t { F - i n d u c e c i  h i s t a -
m i n e  r e l e a s c  [ 9 - 2 2 ] .  T h u s ,  H R F  c J r , r c s  i n c l e e d  a p p e a r
t o  b e  a  u n i q u e  c y t o k i n e .

T h e  o t h e r  m a j o r  i n t e r e s t  o f  o u r  l r r b o r a t o r y '  i s  t o  d e -
f i n c  t h e  n a t u r e  o i  I g E  h e t e r o g c n e i r \ ,  a t  t h e  r n o l e c u l a r
l c v e  l .  S e v e r a l  k n o l v n  o b s e r v a t i r l n s  h a l , e  a l l o r v e c i  u s  t o
f o c u s  o n  a  p a r t i c u i i r r  r n e c h a n i s m .  l - h e r e  i s  o n l y '  o n e
gene fo r  the  Fc  ree ion  o f  hLr r r ì lu ì  Ig ts  [23 ] .  Th is  ' , vou ld

s u g g e s i  t h a t  h e t e r o g e n e i t y  r n i g h t  o c c u r  p o s t t r a n s l a -
t i o n a l l y .  F u r t h c ' r m o r e ,  I g E  f r o m  N D  r n y e l o m a  h a s
30?ó more  carbohydre te  than does  PS mye loma [24 ] ;
t h e r e f o r e ,  t h e r e  i s  k n o w n  d i f f e r e n t i a l  g l y c o s y l a t i o n  o f
the  IgE rno lecu ie .  Lec t ins  a re  kno 'uvn  to  cause h is ta -
m i n e  r e l e a s e  b v  c r o s s - l i n k i n g  c a r b o h v d r a t e s  o n  I g E

[ 2 5 ] .  A l s o ,  i n  d a t a  r . v e  h u r e  p u b l i s h e d  i n  a b s t r a c r  [ o r m ,
l e n t i l  l e c t i n ,  a t  a  c o n c e n t r a t i o n  o f  5  , u g l m l .  d i f f e r e n -
t ia tes  IgE*  a rnd  lgE-  [26 ] .  There fore ,  we hypothes ize
t h a t  t h e  d i f f e r e n c e  b e t w e e n  I g E '  a n d  I g E -  i s  m o s t
p r o b a b l y  a t  i . r  p o s n r e n s l e t i o n r r l  l c v e l .  i n  p a r r i c u l a r ,
c l  i  f feren t i  a I  g I rvcosy I  at io n.

B a s e d  o n  t h e  m e t h o d  o f  L o h m a n  a n d  H a l o n e n  [ 2 7 ] ,
w e  h a v e  p u r i f  i e d  p o l y c l o n a t  I g E  f l r o m  h u m a n  s e n r m .
Th is  rvars  no t  on lv  labor ious  bu t  a lso  l , ie lc ied  smal l
a m o u n t s  o f  p u r i t l e d  I g E .  W i t h  t h e  a v a i l a b i l i t v  o f  h u -
m a n  r e c o r n b i n a n t  i n t e r l e u k i n - . 1 ,  t h e  p r o d u c t i o n  o f
I g E  i n  v i r r o  b e c a m e  i e a s i b l e .  I n  e d d i t i o n ,  b a s e d  o n  t h e
w o r k  o l '  S a r f a r t i  e t  a l .  [ 2 8 ] ,  m a r ì v  i n v e s r i g e r o r s  h a v e
b e e n  a b l e  t o  p r o d u c e  l a r g e  q u a n r i t i e s  o f  I g E  i n  t h e  t e s r
t u b e .  \ \ ' e  a s k e d  t i r e  q u c - s r i o n :  i i  I g E  c a n  b e  p r o d u c e d
i n  l l r s e  q u a n r i t i c s  i n  v i t r o ,  c e n  I g E -  a n d  I g E -  b c  p r o -
d u c e d  i r r  v i t r o ' l  S e v ' e r a l  d e f i n i t i o n s  a r e  i m p o r r a n t  t o
t h i s  q u c s t i o n .  ( l )  I g E ' d o n o r s  a r e  t h o s e  w h o  i r a v e
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srea ie r  than l0? î  h is taminc  re iease !vhen s t imu larc ,d
w i t h  H R F .  ( 2 )  I g E *  i s  t h a t  r g E  r v h i c h  p a s s i v e l - v  s e n s i -
t i zes  lac t i c -ac id  t rea ted  basoph i ls  and renc je rs  rhem
r e s p o n s i v e  t o  H R F - .  w e  a r e  c u r r e n t l v  p r o d u c i n g  I g E -
a n d  I g E -  i n  v i t r o  u s i n g  h r - i m a '  r e c o m b i n a n t  i n t e r l e u -
k i n - 4  a n d  m a n i p u l a t i n g  t h e  c u l r u r e  c o n d i t i o n s  r v i r h
c a r b o h y d r a t e - p r o c e s s i n g  i n h i b i t o r s  i n  o r d e r  r o  r e s r
o u r  h y p o t h e s i s  t h a t  d i f f e r e n t i a i  e l v c o s v l a t i o n  i s  t h e
b a s i s  f o r  t h e  h e t e r o s e n e i t y .

T h u s ,  t h e  d i s c o ' e r v  o f  H R F  a n d  t h e  o b s e r ' a t i o n  o f -
a  func t iona l  he tero-eene i t ,v  o f  the  IgE molecu le  have
added add i t iona l  compiex i ty  to  a i le rg ic  c i i sease.  Ho* ' -
e v e r ,  u n d e r s t a n d i n g  t h e s e  c o m p l e x  r e l a t i o n s h i p s
s h o u l d  l e a d  t o  a  b e t t e r  a b i l i t y  t o  c o n t r o i  t h e  a l l e r g i c
r e s p o n s e  a n d  t h e  s e v e r i t y  o f  c h r o n i c  i n f l a m n l a t i o n .
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