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Ailergy to vegetable foods is frequently observed in pa-
tients with poll inosis. The common e.xplanation for this
phenomenon is  c rossreac t ive  IgE,  as  can be  demon-
strated wit l r  radioal lergosorbent test  (R,\ST) inhibi t ion.
IgE against  b i rch pol len al lergens is of ten crossreacr ive
with f ru i ts f rom the' fami lv of  the Rosuceae. Another
example is IgE against  celery and potato,  rvhich is usu-
ally found in sera fronr patients with grass or weed poll i-
nosis.  The indiv idual  a l lergens responsible for  these
types of crossreactivit ies were identifìed in the last few
years. The most important allergen for the birch pollen-
fruit crossreactivity is the major birch pollen allergen Bef
v I .  The counterpart  of  th is al lergen in f ru i ts probably
plays an important role in the c l in ical  manifestat ions in
pat ients wi th birch pol l inosis,  af ter  the in:est ion of  f ru i ts
like apple. Another crossreactive ailergen that rvas iden-
tif ied recently is protìl in. Profi l in is not only involved in
bircti pollen-fruit crossreactivitv, but has a more wide-
spread spectrum of crossreactivity covering almost all
vegetable foods. As in the case of Bet v I, cl inical symp-
toms related to profi l in seem restricted to the consump-
tion of raw vegetable foods. Besides Bet v I and profi lìn,
carbohvdrate strucrures on glycoproreins are also in-
volved in pollen-r'egetable fcrod crossreactiv.iry. Their
c l in ical  re levance is,  however,  doubttul .
Keyn'ords: IgE; Crossreactivity; Bet v I; profi l in;
Carbohy'drates.
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ln t roduc t ion
I t  has  been kno, ,vn  fo r  y iears  thar  b í rch  po t l inos is

pred isposes  to r  symptoms re te r red  to  as  the  on t l  a l -
l e r g y  s y n d r o m e  ( O . { S ) .  c a u s e d  b y ,  v a r i o u s  t r u i t s  o i
the  fami ly  o t '  the  Ro. i r tL .eae,  fo r  e rempie .  rhe  lpo le
(1- i ) .  fh is  concorc jance o f  a l le rg rc  j ! ,mproms causet l
by  a l le rgens  f rom unre la ted  or ig in  i s  no t  a  un ique phe-
nomenon.  N luewor r  po l len  a l le rgy i  i s  i requent ly  ac-
c o m p a n i e d  b y  c o m p l a i n r s  r e l a t e d  t o  r h e  c o n s u m p t i o n
of  cena in  vesetab le  toods  such ; l s  c : - ì r ro t  an t i  ce lc '11 ,
6 , n .  A n o t h e r  r v e l l - k n o w n  e . \ a m p l e  o I  l i i l e r s e n s  t h a t

a r e  l i n k e d  i s  r a g r v e e d  a n d  s o m e  f r u i t s  l i k e  m e l o n
and ban: rna  (8 ,9 ) .  Among a l le rgens  o f  an ima l  o r ig in .
unexpected  concordances  are  a iso  found.  Food a l -
le rgy  caused by  sna i i s  seems to  p reva i i  a r r rong p í r -
t ien ts  a l le rg ic  to  house c lus t  mi te  (10) .  A l le rgy  to r  cc : - -
t a i n  i n s e c t s  m i g h t  a l s o  b e  l i n k e d  t o  h o u s e  d u s t  m i t e s
( l  t ) .

The common e . \p laner t ion  to r  these observa t ions
i s  e  r o s s r e a c t i v e  I g E .  F o r  e x a m p l e ,  I g E  b i n d i n g  t o  a l -
le rsens  f rom app le  can usua l l r , '  be  inh ib i ted  bv  b i rch
p o l l e n  e x t r a c t  ( 1 2 ) .  T h i s  i n d i c a t e s  t h a r  b o t h  a l l e r g e n
s r ) u r c e  s  c o n t a i n  s t r u c t u r e s  t h a l  s h a r e  s i m i l a r  I g E  b i n t l -
i n c  s i t e s .  I s  I g E  a g a i n s t  s u c h  c r o 5 . s ; ' c a c t i v e  e p i t o p e s  o f
c i i n i c a l  r e l e v a n c e  ' l  l d e n t i f ì c x t i o n  o i  r h e  i n d i v i d u a l  a i -
le r -eens  tha t  a re  respons ib le  to r  the  observcd  c rossre-
a c t i v i t í e s  i s  a  m a j o r  h e l p  i n  a n s , . v e r i n g  t h i s  q u e s r i o n .
Recent  p rogress  in  a l le rgen research  has  resu l ted  in
the  ident i f i ca t ion  o f  sc l  e ra l  c rossresc t ive  a i le rgen: ì .
e s p e c i a l l y  a l l e r g e n s  o f  p l a n t  o r i g i n .  I n  t h i s  p a p e r  w e
w, i l l  focus  on  two o f  these a l le rgens .  Bet  u  i  and pro-
f i i i n .  and on  carbohydra te  s t ruc tu res  on  g lycopro te ins
t h a t  a r e  i n v o l v e d , i n  I e E  c r o s s r e a c t i v ' i t r ' .

B e t v l
The t i rs t  repor ts  on  rhe  major  e l le rgen f rom b i rch

p o l l e n  ( n o w  k n o w n  u n d e r  r h e  n a m e  E e r  ' . ' l )  g o  b a c k  t o
t h e  e a r l y  i 9 7 0 s  (  l 3  , ; - l ) ,  S i n c e  t h e n  t h e  p u r i t ì c a r i o n  o f
the  major  a l le rgens  o f  b i rch  po l len  \vas  repor ted  in
severa l  papers  (15-17J .  The produc t ion  o f  monoc lonzr l
an t ibod ies  reac t ive  rv ' i [h  Bc , r  r '  I  fu r ther  tac i l i ra ted  i rs
p L r r i t ì c a t i o n  ( 1 c 9 ) .  T h e  e n t l  t i  r h e  1 9 8 0 s  s a r v  t h e  c l o n i n g
o f  B e t  i ' l  u h i c h  r e s u i t e d  i n  r h e  e l u c i d a r i o n  o f  r h e  c o r r ì -
p l e t e  p r i m a r v  s t r u c t u r e  o i i h e  e i l e r g e n  t  1 9 \ .  B e t  r , I  w ' a s
shorvn  to  be  respons ib ie  i c - ' r  igE c rossreac t iv i t v  b . : -
t w e c n  b i r c h  p o l l e n  a n d  o t h e r  i r e e  p o l l e n .  l i k e  a l d e : ' .
h a z e [ .  a n d  h o r n b e a m  Q 0 . : 1 ) .  P r ; l l e n  o f  t h e s e  l r e e s  c o n -
t a i n s  e l l e r g e n s  t h a t  a r e  h i g h l v  ì r o m o l o g o u s  w ' i t h  B e t  v  I
, J-'-J-Í).

, \pp le  a l le rgy  is  f rc -quent ly ,  found r Ìn long b i rch-
p o l l e n - s e n s i t i v e  p a t i e n t s  (  i - - i ) .  f  h e  e . \ i s t e n c e  o f  a n t i -
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b i rch  po l len  IgE.  c rossre i ìc t i ve  w i th  app ic ' .  r , vz rs  f l rs t
d e m o n s t r a t e d  b y  m e a n s  o l  r a d i o a l l e r g o s o r b e i l l  i e s t
( R A S T )  i n h i b i t i o n  ( 1 2 ) .  T h e  i n v o l v e m e n t  o f  B c r  v  i  i n
th is  c rossreac t iv i t y  'uvas  demonst ra ted  by  Ca lkhoven e t
a l  (2ó) .  igE an t ibod ies  e lu ted  f rom so l id -phase bound
app ie  ex t rac t  bound to  a  band cor respond ing  to  Bet  v
I  on a birch pol len i rnrnunoblot .  The same , .vas shorvn
or  peach and cher ry .  Ebner  e t  a l  per lo rmed nor thern
r l o t t i n g  w i t h  a  B e t  v  I  c D N A  c l o n e  a s  a  p r o b e  ( 2 D .

Jross-hybr id iza t ion  o f  b i rch  and app le  a l le rsen cod ing
nuc le ic  ac ids  rvas  demonst ra ted .  con t ì rming  the  ex is -
t e n c e  o f  a  B e t  v  l - l i k e  c o m p o n e n t  i n  a p p l e .  i t  r v a s

shown tha t  th is  app le  a l le r l ' sn  had a  NIW comp. r rab le
t o  B e t  v  [  ( a r o u n d  l 7  k D ) .  i n  t h e  s a m e  s t u d y .  8 3  b i r c h -
po l ien-sens i t i ve  pa t ien ts  were  ana lyzed by  immuno-
b lo t t ing  to r  reac t iv i t y  w i th  b i rch  po l len  and app le  ex-
t r a c t s .  O f  t h e s e  p a t i e n t s ,  6 3  d e m o n s t r a t e d  c l i n i c a l
symptoms a f ie r  inges t ion  o [  app le .  These symptoms
.vere  more  severe  dur ing  the  po l len  season.  ind ica t ing
tha t  po l l inos is  and food a i le rgy  are  indeed l inkcd  in
s o m e  w a y .  I t  w a s  s h o w n  t h a t  8 l / 8 3  p a t i e n t s  w e r e  B e t  v
I -pos i t i ve .  On ly  n ine  o f  these sera  recogn ized o ther
a i le rgens  in  b i rch  po l len  than Bet  v  l .  A l l  8  |  Ber  v
I -pos i t i ve  sera  a lso  recogn ized the  app le  equ iva len t  o f
Bet  v  L  These resu i ts  s t rong iy  suggest  an  invo lvcment
o f  c rossreac t ive  lg .E  aga ins t  Bet  l  I - [ i ke  s t ruc tu res  in
both  b i rch  po l l inos is  and food a l le rv ic  symptoms l i kc
O A S .  c a u s e d  b y  f r u i t s .  A l t h o u g h  o t h e r  c r o s s r e a c t i v e
s t ruc tures  in  f ru i ts  werc  repor ted  Q8) .  Bet  u  l  seems to
be o f  ma jor  impor tance fo r  the  IgE reac t iv i t y  w i th
t ru i ts  f rom the  tami iv  o f  the  Rosaceae.  Horvever ,  th is
does  no t  imp lv  tha t  every  po l l inos is  pa t ìen t  w i th  c ross-
react ive IgE against  the groLlp I  a l lergen from trec po[-
len  and i t s  counterpar t  in  f ru i t  has  symptoms tb l lo rv ing
c o n s u m p t i o n  o f  t h o s e  t o o d s .  O [  t h e  8 l  p a t i e n t s  w i t h
IgE aga ins t  Bet  v  I  and i t s  counterpar t  in  app le .  on ly
6 3  h a d  a p p l e - r e l a t e d  s y m p t o m s .  A  r e c e n t  s t u d y  b y
Hirschrvehr et  a l  analyzed two groups of  pat ients rv i th
t ree  po l l inos is  (29) .  One group had sy ,mptoms a t ìe r
inges t ion  o f  haze lnu ts ,  the  o ther  d id  no t .  Bo th  g roups
i -ecogn ized the  group I  a l le rgen f rom haze l  po i len
t C o r ' . ' l u s  u v e l l a n a ) ,  C o r  u  I .  a n d  t h e  c r o s s r e a c t i v e
) i ruc iu re  in  haze lnu ts .  ( )ne  p , rss ib le  exp lanat ion  o i  the
o b s e r v e d  c l i n i c a l  d i t f e r e n c e  b e n v e e n  b o t h  g r o u p s
cou id  be  the  t i te rs  o f  c rossreac t ive  IgE.  The au thors
d i t i  no t  ana ivze  the  an t i -g roup I  IgE quant i ta t i ve iy ,
. i n c r '  i h e v  p e r t b r m e t l  i m m u n o b i o t t i n g .  T h e l , d i d  h o q , -
- rver  repLr r t  tha t  s ) /mDtoms a i te r  inges t ion  o f  h i rze lnu ts
in  the  rood-a l le rg ic  g r t t i rp  ! \ ,e re  more  ie \ ,Ère  dur ing  po l -
len  se  : rson .  ' , r 'hen  lgE r i te rs  rend to  inc rease.  The same
' , \ ' r s  r :Cserved in  the  g t 'oup  o t  pa t icn ts  i v i th  app le -
i - e i a t e d  s v m p t o m s  ( l l .  I t  i s  p o s s i b i e  r h a t  t h e  t i t e r s  o f
c t ' ( )ss reac t ive  igE in  the  gr i tup  ' , i ' r rho i i t  food  symptoms
w e r e  b e l o w  a  t h r e s h o l d  l c v e i .  i h r s  s h o u l d  b e  a n a l y z e d
b v '  d e t e r m i n r n g  t h e  I g E  l t t e r - \  r i l  . r  J L l . t n r r i . r t r \  e  m e n n e r ,
t ì r r  erampie.  in a R^\ST i ' r l r  ,Jui  , .  i .

P r o f  i l i n
Ca lkhovcn e t  a l  t i cmonst rn ted  iha i  lhc rc  l ' i zas  l r

s e c o n d  c r o s s r r r a c t i v e  l l l c r g e n  i n  b i r c h  o o i l e n  b c s i d c s
B c t  t ' 1 .  w i t h  a n  e v e n  l a r g e r  s p e c t r u m  o i  c r o s s r e a c t i v i t y
i ló ) .  Th is  s t ruc tu re  ' vx5  5 f ie rvn  to  be  c rossreac t ive  no t
on ly  , , v i th  f ru i ts  b r r t  a lso  ' , v i th  o thcr  a i ie rgens  l i ke  g ress
p o l l e n  a n d  p o t a t o .  I t  h a d  a  s i i g h t l l i  l o w e r  m o l e c u l a r
r i ' e igh t  than Bet  v  l .  In  a  s tudy  by  V 'a l l ie r  e t  a l .  a
c rossreac t ive  a i le rgen o f  ihe  same s ize  was repor te t l  in
mugwor t ,  b i rch  po l len .  and ce le r -v "  (J r )  Van Toorencn-
bergen e t  a i  demonst ra ted  IgE b ind ing  b-v -  immunob lo t -
t ing  to  a  band o [  comparab ie  molecu la r  rve igh t  in  var -
r o u s  s p i c e s  ( J 1 ) .  R e c e n t l y ,  V a l e n t a  e t  a l  c i o n e d  r h i s
a l l c rgen f rom b i rch  po l ien  (32 ,33) ,  shor i l . v  to l lo rved by
i ts  c ion ing  t rom grass  po l len  (J4) .  The 1 ,1  kD a l le rgen
,,vas ident i f ied as prof i i in.  Prot i i in f rom pol len can be
tso la ted  f rom po l len  ex t rac t  in  a  s ing le -s tep  a t f in i t y
punf ica t ion  w i th  Sepharose-coup led  po ly (L-pro l ine)
( ,U, j i ) .  Pro t ì l in  i s  a  h igh ly  conserved pro te in  p resent
in  a lmost  a l l  eukaryo t ic  ce l l s .  Th is  p roper ry  po ten t ia l l y
qave the  a l le rgen a  verv  b road spec tn Ìm o f  c rossreac-
t i v i t y .  !Ve  demonst ra ted  recenr ly  tha t  p ro f ì l in  i s  indeed
an a l le rgen in  a  la rge  var ie ty  o f  vegetab le  toods .  as
rve l l  as  in  po l len  (J i ) .  What  i s  the  ro le  o f  p ro f i l i n  in
po l i cn-vegetab le  tbod c rossreacr iv i t y ' l  F rom a  qroup
of  sera  tha t  was  submi t ted  to  our  d iagnos t ics  dep i - r r t -
ment  fo r  tes t ing  , ,v i th  the  most  commonly  inha led  a l -
l c rgens .  66  scra  were  se lec ted  on  ground o f  a  pos i r i ve
i l r \ST fo r  g rass  po l len .  Sera  f rom pat ien ts .  fo r  whom
tes t ing  on  tood a l le rgens  was requested  in  add i t ion  to
inha lan t  a l le r -gens ,  were  exc luded.  In  th is  way a  se lec-
t ion  was made fo r  pa t ien ts  tha t  were  main ly  suspec ted
of  a l le rgy  re la ted  to  inh l la t ion  i i l i e rgens .  In  a  R^ . \ST to r
Lo l  p  p ro t ì l in  >30% ( r r  :  l -1 )  was  pos i t i ve .  In  a  pane l
o[  sera that  r ,vas selected on ground of  IgE against
po ta to  and ce le ry .  in  add i t ion  to  g rass  po l ien  (n  :  73) .
> ,65?b had IgE age ins t  p ro t ì l in  (n  :  +8) .  Th is  f rnd ing
cont i rms s imi la r  resu l ts  repor ted  fb r  a  smal le r  p t rne l  o f
sera  ( i i )  and suggests  invo lvement  o f  an t i -p ro t ì i in  igE
in  the  lgE re i rc t i v i t y  rv i th  po ta to  and ce le ry .  To  inves-
t iga te  th is  hypothes is .  a  ser ies  o f  dep le t ion  exper i -
ments  was per fo rmed.  Sera  were  dep le ted  to r  the i r
r ìn t i -p ro t - i i i n  reac t iv i t l . ,  by  e  - l - i i r  incubat ion  rv i th  : ìn  ex-
cess  o f  Sepharose-coup led  Lo l  p  p ro t r l in .  Supernatanrs
werc  les ted  in  a  RAST fo r  vegetab le  toods .  As  cont ro l .
sera  were  dep le ted  r ,v i th  the  same amount  o f  g ly ,c ine-
rnuc t i r ' : i ted  Sepharose.  l r  add i t ion .  e  RAST rvas  per -
to rmed to r  Lo lp  I  to  chcck  ivhe ther  the  dep le t ion  rvas
spec i f ìc  tb r  p ro t ì l in .  The e t fec t  o f  dep le t ion  on  the
R. \ST to r  ce le ry  and po ta to  i s  i l l us t ra ted  to r  two sera
in  F ig .  i .  The lgE reac t iv i t -v  o f  serum I  w i rh  po ta to  and
celery ' ' , r 'as inhibi ted for  937c and 947c. respecr ivei l , .
Serrrm I  rvas much less af- fected 19Vc tor potato and
117c fo r  ce le ry .  A  s imi la r  exper iment  \vas  per fo rmed
for  l9  sera  rv i th  IgE aga ins t  lo l  p  p ro t ì l in .  t f t t l  i rgu insr
p o t a t o  a n d  c c l e  r - y .  F i g .  I  s u m m a r i z e s  t h e  r e s u l r s .  . \ l i
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Fig. 1 EJfect oJ'anti-pro1ìl in t lepleri ,n on potcrto (t l t( t  L.ete, i
R, {SZ.  Deple t ior t  o f  . ;era  n 'a . r  per lormed * , i th  Se: t i r ( / / . r ) îd-
t 'oupled Lol p proj i l in. Fttr both .sara 1-í14 of unrt-prol i l i r t
IqE vvas le f t  in  the supernotot t t .  IeE u, :arn .s t  Lo i  p  1r la .s
practiccl l t '  unalfectet l ;  >957o \t 'u.t  ret(rìnetl .  f  he unti-nro1ìi tn
t leplet ion re.stt i tet l  in a complate inhihit iort of ' t l te potaro Lut( l
c ' t lert,  Rl^ST yìtr . terutn I .  Serttm I r lrr .r  les.s , t f iectet l .

sera  were  a f fec ted  by  ihe  t l cp le t ion  ' . v i th  fe  :p - rgg1 io
the i r  an t i -po ta to  and an t i -ce lc r -y  reac t iv i t , . ,  (> l0có  in -
h i b i t i o n ) .  E l e v e n  o f  t h c  j c r t  d c m o n s r r a t r d  a n  S ( )  i r r
1 0 0 9 / c  i n h i b i t i o n  o f  b o l h  p ( ) t e r o  e n d  c c i e r v '  R . . \ S  i ' .
Thesc  resu l ts  in . i i ca te  tha t  c rossrc í rc t i ve  an t i -p ro t r t in
IgE is  o f  ma lor  impor tance to r  the  IgE i .eacr iv i t1 , ,  r r i
p o l i e n - p o s i t i v e  p a t i e n t s  . " v i t h  v e g e t a b l e s  l i k e  p o r a t t r
and ce le ry .  , { l though a l le rgy  to  f ru i ts  i rom the  iami lv
o f  t h e  R o s a c e a e  i s  p r c d o m i n a n t l v  c o n n e c i e c j  t o  r h e

n r a - l L r r  b r r c h  p o l l c n  a i l r r g e n  I J t , t  ' . . i .  s c r a  e x i s t  r h a t  a r .
p o i l e n - t r u i t  c r o s s r e r . c t i ! ' r  m a i n i , " '  d u c  r o  a n t i - n r o t ì l i i r
I g E .  I n  F i g .  - l  t h e  e i i c c r  o f  a n t i - l - L  t l  p  p r o r l ì i n  d e p l e t i g n
o n  t h e  r e a c t i v i t v  w  i r h  b i r c h  p o l l e n  a n d  a p p l e  i s  s h o , , v n
f o r  s u c h  a  s e r u m .  

- l - h . .  
b i r c h  p o l l e n  I ì ^ { S T  i s  i n h i b i t c d

[or  7 l7c .  rhe  app le  I ìAST fo r  8 i i7 .  Th is  i s  comparab le
t o  t h e  i n h i b i t i o n  o b s e r v c d  t o r  c e l e r l z  ( 1 5 % )  a n d  p o t a t o
( 8 1 % ) .

W h a t  i s  t h e  c i i n i c a i  r e l c v a n c e  o f  c r o s s r e a c t i v e  I e E
a q a i n s t  p r o t ì i i n l  T h e  a b o v ' e  m e n t i o n e d  p a n e l  o f  f i r
g rass-po i len-pos i t i ve  scra  * ,as  ies ted  in  a  R, , \ST fo r
po ta to  and ce le ry ' .  Of  these sera .  -19  had a  pos i t i ve
R. \ST io r  po te to .  and i0  fo r  ce le r \ , .  The i lep le  t ion  ex-
per iments  , , r , i rh  Seoharose-coup ieC L t t /  s t  p ro t r l in  h l r t l
sho ' "vn  tha t  an t i -p ro f ì i in  IgE o i  g rass-po i l cn-pos i t i ve
sera  is  o f  ma jor  impor tance tb r  the i r  IgE reac t iv i t y
w i th  po ta to  and ce le ry , , .  I t  i s  un l i ke ly  tha t  so  many
sub jec ts  , , v i th  IgE aga ins t  g rass  po l len  s r r f fe r  f rom veg-
e t a b l e  t o o d  a l l e r g y .  P o s s i b l v  p r o r r l i n  i s  a  h e a t - l a b i l e
a l l e r s e n .  T h i s  w o u l d  i m p l v  t h a t  o n l y  r a w  v e g e t a b l r : s
a r c  c a u s l n g  s y m p t o m s ,  P r o b a b l y , , .  t h e r e  i s  a l . s o  a
t h r e s h o l d  l e v e l  t o r  a n t i - p r o f i l i n  I g E  t o  b e c t t m e  o i  c l i n -
i ca i  re levance.  There  are  inc l i ca t ions  rha t  p ro t i l i n  p lavs
a  ro le  in  food- re la ted  symptoms.  The pa t ien t  w,ho : ;e
s e r u m  , . v a s  u s e d  f o r  t h e  d e p l e t i o n  e x p e r i m e n t  s h o w n  i n
F ig .  - :  su t fe rs  i rom OAS- l i ke  s l /mproms a f te r  ingesr i t rn
o f  r a w  v e g e i a b i e s  i i k e  c e l e r y  a n d  c a r r o t .  P e e l i n g  u n -
cooked po ta toes  o f  r r í ì t ing  car ro ts  cause: j  s ) impton ts
s u c h  a s  c o n J u n c i i v i t i s  a n d  r h i n i r i s .  R e c e n t l y  t h i s  p i t -
t ien t  su f fe red  f rom an es thmat ic  a t tack  fo i low ing  the
ù o n s u m p t i o n  o f  l n  e p o l e .  A s  d e m o n s t r i r t e d  i n  F i g .  ì .
the  pos i t i ve  R, \ST ro  veqetab le  fc - rods  is  ma in iv  due to

" o  i n h i b i t i o n  a f t e r  d e p l e t i o n
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-  i - o s s r c a c i r v c  a n t i - p r o f i l i n  I g E .  l t  i s  t h e r c i o r c  p l u L r s r b l c
i h a t  t h e  c o n r p i a r n t s  a r e  r e i z i t c d  t o  p r o f ì l i n . ' f h c  t ' r r c t  t h r r t
on ly  ra i .v  vegetab les  induced .symptoms secms io  con-
t l rm tha t  p ro t ì l in  i s  a  heat - lab i le  a l l c rgen.  There  urc
o ther  e ramples  o f  pa t ien ts  w 'hosc  tood- re la tc , - i  com-
p l a i n t s  a r e  m o s t  l i k e l y  c a u s e d  b y  , i n t i - p r o f ì i i n  t g E .  O n c
pat ien t  (p faO)  whose Ig .E  response s  to  vegetab lc  tboc ls
w e r e  s h o w n  t o  b e  h i g h l v  d e p e n d e n t  o n  a n r i - p r o t r l i n
i e E  h a d  f o o d - r e l a t e d  d c r m a t i t i s .  D e p l e t i o n  o f  a n t i -
r ro t - r l in  IgE resu i ted  in  i r .n  inh ib i t ion  o f  an t i -po ta to  and
- rn t i -ce le ry  reac t iv i t y  o f  > .80%.  IgE o f  pa t ien t  p t {0  rvas
>hown to  recosn ize  pro t ì l in  f rom a  la rge  var ie ty  o f
v e g e t a b i e  f o o d s .  i n c l u d i n g  f r u i t s .  n u t s .  l e g u m e s .  c e r c -
a l s ,  h e r b s ,  a n d  o t h e r  v e g c t a b l c s  ( j i ) .  A l t h o u g h  t h e  e x -
ac i  ro le  o f  p ro f ì l in  as  e  food t r l le rgen s r i l l  necr ls  to  be
d e t e r m i n e d .  t h e s e  p r e l i m i n a r y  r e s u l t s  i n d i c a t e  r h a :  i r  i s
a  c l i n i c a l l y  r e l e v a n t  a l l e r g e n  f o r  s c l e c t e d  p e r i e n t s .
Both  pa t ien ts  descr ibed above (serum o i  F ig .  j  and
s e r u m  p f a 0 )  h a d  h i g h  l e v ' : l s  o f  c r o s s r e a c r i v e  I g E
t g a i n s t  p r o f i l i n  ( R A S T  c l a s s  - 1 + / 5  +  ) .  i n d i c a r i n g  r h a t
the  t i te rs  o f  an t i -p ro t i l i n  igE cou ld  be  dec is ive  in  de-
te rmin ine  i t s  c l in ica l  re levance.

Crossreac t ive  carbohydra te  de terminants  (CCD)
Al le rgen ex t rac ts  a re  complex  mix tu res  o f  p ro-

t e i n s ,  o f  w h i c h  s o m e  a r e  g l y c o s y l a t e d .  E s p e c i a l l y  i n
v 'eqetab le  ex t rac ts  some o f  these g iycopro te ins  a r t
known to  be  lec t ins  (Jó) .  l -hese lec t ins  can b ind  Ig l i
th rough the  carbohydra te  s ide  cha ins  on  rhe  Fc-par t  o f
IgE.  Th is  i s  the  main  reason rhzr t  the  ex is rencc  o f  lgE
spec i f ìc  to r  carbohydra te  s t ruc tu res  on  g l i zcoprore ins
\ v a s  d o u b r e d  a n d  t h o u g h t  r o  b e  l e c t i n  b i n r l i n g  ( J t .
Other  exper i rnents .  however .  demonst ra ted  tha t  IgE
, ,v ' i th  an t i -carbohydrare  spec i f i c i ry  does  e . r i s r  \ j7 - jg ) .
The IgE b ind ing  capac i ty  o i  var ious  a i le rgen er t racrs
w a s  s h o w n  t o  b e  ( p a r t l v )  p e r i o d a t e - s e n s i t i v e .  p o i n t i n g
to  invo lvement  o f  carbohydra te  de terminants  in  the
IgE b ind ing .  A  s t rong argument  aqa ins t  lec t in  b ind ing
* 'as  the  tac t  tha t  severa l  sera  rv i th  e leva ted  IgE r i re rs
\r 'ere shown to be unreact ive.  Sera rv i th CCD-react ive
IgE are  usua l lv  c rossreac t ive  beyond the  borc le rs  o f
plant-der ived al lergens. The carbohydrate structures
respons ib le  to r  e l i c i t ing  IgE responses  are  found no t
, rn l r . '  i n  p len ts  bu i  ; r i so  in  a l le reen ic  e r t rac ts  l ì -onr  in -
ver tebra tes  i i ke  mol luscs  and ar th ropods.  An example
of an al lergen rv i th an IgE-binding carbohydrare struc-
ture is PLA" (J0).  The ant igenic structure , ,vas iound to
o e  a n  N - l i n k c d  o l i g o s a c c h a r i d e .  i n  r v h i c h  a n  a l . j -
l i n k e d  t u c o s e  s e e m s  t o  b e  i n v o l v e d  i n  i t s  i m m u n o g e -
nrc i ty  r1  Ì -J3 \ .  In  p lan t -der i . . ' e ,_ i  N- i inked o l igosaccha-
n c i e s  a  B  I  . l - l i n k e d  r v l o s e  i s  t h o u g h t  t o  h a v e  a  r o l e  i n
r n i r b o t l v  b i n d r n g  t J ' J . - l i  r .  i n  l t i d i t i o n  t o  t h e  o .  i . i - i i n k e d
f u c o s e .  B o t h  t h e  f u c o s e  l n d  l h e  r v l o s e  l i n k e d  i n  t i r i s
I , r 'av i t re ,n l ingw'f i  in mlrnmai ian crr i 'oh, , ,drate struc-
i u r e s  a n d  t r e  t h e r e f o r e  h i g h i v  i n t m r . l n o s e n i c . . { , n t i -
C C D  I g E  p i a v s  r  r o l e  i n  ; r o s . ; r e r e  : r ' .  i r . ,  , l c t ' v r c : r  y c l l -

c t a t t i c  i ì t , t t i  l l l e r g c n s .  a i l e r g c n s  i r o m  i n , . , c l - i ù b r a t e  . r n r -
r n i l i s  ( t ' o t t d s  e n d  v r n o m s ) .  e n d  p o l l e n .  

- f h i s  
c a n  i , . c

' . l cmonst ru tcd  by"  pcr tb rming  RAST inh ib i r ion .  F ig .  - r
i l l u s t r a t c s  t h a t  t h c  C C I D - t , , , p e  c r o s . \ r e í ì c t i v i t , v  r s  í ì ( ) t  r e _
s t r i c t e d  t o  v e g e t a b l c  a l l e r g e n s .  R A s r  i n h i b i r r o n  r v a s
pcr tb rmed fo r  sc runr  vw rv i th  vegetab le  fooc i  cx t rac ts
rnd  musse l  ex t rac t .  N lusse l  ex t rac t  inh ib i tec i  thc  RAsr
fo r  vegc tab le  foods .  The musse l  RAST r ,vas  inh ib i rec i
b ; r  var ious  vegetab le  ex t rac ts .  The IgE reac t iv i i v  o f
t h i s  p a t i e n t  w i t h  t o o d  e x t r a c t s  w a s  c o m p l e t e l y  i n h i b -
i t cd  a f te r  per iodate  t rear rnent  o f  the  ex t rac ts .  Th is  i s
shorv 'n  to r  a  [e ' . v  tood ex t rac ts  in  F ig .5 .  Th is  po in rs  in
the  d i rec t ion  o f  carbohydra te  ep i topes .  Not  a i l  ser l
rv i th  [gE aga ins t  carboh.vdra te  s t ruc tu res  on  vegetab ie
a i le rgens  are  c rossreac t ive  w i th  inver tebra te  a i le rsens .
E v e n  r m o n g  v e g e t a b l e  r l l e r g e n s .  c r o s s r e a c r i v i t y  p a r -
tcrns can be cl i t ferent.  Fig.  j  shows the inf luence of
per iodate  t rea tment  o f  a l le rgen ex t rac ts  on  vegetab le
RASTs fo r  th ree  sera .  Serum VW is  unreac t ive  w i th  a i l
f ì ' " ' e  per iodate- t rea ted  vegetab le  ex t rac ts .  For  serum
3325 on ly  the  wheat  RAST is  inh ib i ted  s ign i f i canr iy .
Serum 1429 again has a di f ferent partern.  The RAST
for  no ta to ,  peanut .  wheat ,  and green pea is  c lear l , v -
a f fec ted  by  per iodate  t rea tment ,  a l though no t  as  s r rong
as  observed to r  serum VW.  The RAST to r  haze lnu t .
h o r , v e v e r .  i s  t o t a l l v  u n a f f e c t e d .  T h e s e  d i f f e r e n c e s
c o u i d  i m p l y  t h a t  I g E  o i  s o m e  p a t i e n t s  d i s t i n g u i s h e s
carbohydrate groups with smal l  structural  d i t - ferences..

. { l t h o u g h  p e r i o d a t e  t r e a t m e n t  i s  g e n e r a l l v  t c -
cepted  as  a  method to  des t roy  carbohydra te  s r ruc-
tu res .  i t  cannot  be  ru led  ou t  compie te lv  tha t  the  peo-

pota îo  wheat  s t rawber ry  musse l
p e a n u t  s p i n a c h  h a z e l n u !R A S T  f o f :

un inh ib i ted

i n h i b i t o r :  P o t a t o
h a z e l n u t

p e a n u t
w h e a t

g f e e n  p e a
s p i n a c h

strawberry
o a n a n a

r i c e
s o y

m u s s e l
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Fig. 4 CCD-t ' , 'pe cro.t. tre(r( ' t i  l rr i '  i .s not re.srr i t , te,J to \ .( :e-
tuble' yLtttr i .v. RA jr inhibit i r tr t  t t 'us perJormetl x. i tr t  serunr \ , ,11'.
Tlr i . ;  sertrr l? Ì1'(I .r  sl toryrl  to huye u high t i ter of unti-CCD IgE.
,vlrrssel extuct inl t ihi tet l  the RAsr oJ'u *, i<re ,t tr ie*" o1'v:eg-
erub le  j 'oods.  T i ra  tnr t . tse l  RAsr  x 'o .s  inh ib i ted b t .  u i l  t ,e !e tu-
! ) le  ( . \ r r ( rc ls  l . ls r /  us  in l r ih i tor .  Th is  i l lu . r t rures ihc ,  : t ro t t r l  \pe( ' -
I t ' t tnt r)J CC D ,- ' t ' r) . \ .rr .e(jc ' t i r . i l r ' .
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9 / "  b i nd ing

F i g . 5  , \ n t i - C C D  I g E  i s  i t n r e o c ' t i ' . ' e  w i t l t  D e r i i t d t t t è - t r e u i t ' L l

c l l c rgen  e ,y t r ( tC t . t .  [ ' e r iOdu tC  i rae lme t t t , ; J ' t i l e r ' : a /?  r ' , i . ' i l ' / J ( ' I . !

des I ro t ' s  the  cu rb r t l t t ' d ra te  t l e te r tn inu t t l s  o t t  q l t c ' op r r : t t ' i t r s .

Th i . s  resu l t s  i n  a  c i t rnpLe te  in i t i i t i t i o r t  t t i ' : l t e  { .4 [ :  reuc t t r  i t r " . r /

se r lun  l 'W.  .Seru  i325  tn t j  J ' i : 9 ,  ' , ,  l t i t  j t  n r t t l t  i t t t ' , ' e  r t t t t i -CC D

r r , . r c r i r ' r n ' ,  d re  l ess  , t1J 'ec te t i .  T i tLs  t t t t i i cd tc . t  I i t u t  L 'u . rbo ì t \ ' -

t l . r t t t e  c le te rm inan t , t  On  q l t ' t ' t t p ro t t ' i nS , f i ' ( ) t t r , l i . i - ' f ' e r t ' n t ' , ' ( ' : e t ( t '

h le  1 -oodS c lemOnSt r t t {e  en r t t t , 4 i t  t ' a r i e t t  t t t  be  t l i . t l t ' r t ' 4 t r i . s l t t ' L l  , : t t '

un t í  f  CD [ , : 8 .

t ide  b , r rckbone is  changed ls  ' ' t ' t l l .  Son- rc  l Ìm ino  . i c i t i5 .

s u c h  a s  c y s t e i n e .  m e t h i o n i n e .  a n i l  t r v p t o p h a n '  l r e  s c n -

s i t i v e  t o  o x i d a t i o n .  i n d i c a t i n g  i h a t  t h c ' /  c o u i t i  b c  n c r -

ioc ia te -sens i t i ve .  In  add i t ion .  des t l ' r , l c t ion  o f  c l t rho i ' t ' ; -

d ra te  de terminants  can i rave  an  in t i i r cc i  e  i t ' ec t  o i r  thc

c o n f o r m a t i o n  o f  t h e  p r , ) l È i n .  s i n c e  i t  i s  k n o r v n  i h ; - t t

g lycosy la t ion  c r rn  be  necessar i ' i ( ) r  p roper  fo id ing  t r t -

g lycopro te ins .  t t  i s  lhere fore  no t  su t t l c ien  i  t t l  . jh t ) r , r r

thar  g ivcopro te ins  lose  the i r  IgE-b ind ins  c i ìp i l c i t v  a f te r

chemica l  mod i f i ca t ion  o f  the l r  sugr l r  g roups .  Demon-

s t ra t ion  o f  IgE,  b ind ing  to  cerbohydr l r te  s t ruc tu res  sep-

ara ted  t iom the  nept ide  backbone is  a  more  d i rcc t

p roo f  o f  IgE w i th  an t i -CCD reac t iv i t \ ' .  Th is  can be

a c h i e v e d  b y  d i g e s t i n g  t h e  p e p t i d c  b a c k b o n e  o f  g i v c t l -
p ro ie ins  enz) /mat ica i l v .  io r  l \ s rnDie  " ' , ' i th  P [oo l ]sc  i ) l -
p r o t e i n a s e  K .  r e s u l t i n g  i n  s L r s s r  g r o u D s  l i n k e d  t o  s m a l l
p e D t i d e  i r a g m e n t s .  o r  e ! ' e n  : r  s i n g i t  a s p a r a g i n e .  F o r
exemple .  p ronase d iges t ion  \À . ' i l . s  spp l ied  in  o rder  io
demonst ra te  tha t  ihe  suc : r r  g rouDS ùn PL. \ '  I rom bee
venom are  recogn ized b ' ' '  i gE er r t rbod ies  (J r i ì  When

coup iec i  to  Sepharose.  ihe  cer rohvdr ' : i i e  : { roups  can be
u s e d  i c r r  s c r e e n i n s  s e r r  ( ) n  J n r i - C C D  a c t r " ' r t l ' ' .

i s  r n t r - C C D  I g E  o i  c l i n i c e i  : ' e  i e " ' : i n c e  
' l  

F r t i n t  , i
g r o u D  o i  s e v e n  p a t i È n t s  . r , i r h  h i g h  t n i i - C C D  t i t e r s .  r - e  -

por te ' j  in  the  s tudy 'b . .  Aa l te rse  r t  e l .  no  one ha t i  food-
a l i e r e i c  s y m p t o m s  a i t e i -  . ( ) n s u i r r p t i o n  r t f  ' ; e g e t i r b l e

f o o d s .  i n d i c a t i n g  t h a t  t h e  r - o i e  c i c : r r b o t r l ' d r a t e  c p i t t  p c s
in  food a l le rgy  is  neg l ig ib ie  ( - i , J ) .  ì ' Ì r c - re  l re  .  h t lu  e ' ,  c r .
recent  rcpor ts  c la i in ing  ihe t  sug l i i '  l ' t rupS l :Ln  be  c l in -
i ca i l v  re ievant  (16 .1n .  Th is  \ . \ , ' as  r l cmonst r l ted  i 'o r  u

g i i , c o n r o t e  i n  f  i ' o m  j c i r  s q u i r t .  . \  s i n g l e  s u g a r  g r o u p  w i t h
; , r  \1W o i  I  kD iso la ted  f rom the  g l - " -copro te i i - r  was

sht t , , vn  to  e l i c i t  a  sk in  reac t ion  in  sea-squ i r t -a l le rg ic
p a t i r n t : ; .  T h i s  m t l n s  t h a t  s u c h  a  s m a l l  s t r u c t u r e  w o u i d

c o n t a i n  : ì t  i e e s t  [ ' . v o  ù p i t o p e s .  T h e  r e l e v a n c e  o f  t h i s

t r b s e r ' " , a t i o n  i s  o l  c o u r s c  h i g h l y  d e p e n d e n t  o n  t h e  p u -

n t ' v  o i  t i r e  i s o i a t e d  m a [ e r - i a l ,  W h e t h e r  o t h e r  c a r b o h y -

d r a t e  s t r u c t u r e s .  i n  ' , ' e g e t a b l c  e . K i r a c I s  i o r ' e x a m p i e .

can c l i c i t  sk in  re i . . rù i lons  or  in t iuce  in  ' " i t ro  basoph i i

h i s t a n - r i n e  r e i e a s e  s t r i l  n a s  l o  b e  d e t e r m i n e d '  A i t h o u g l ,

s ing le  sugur  q roL IDS ' . \ ' e re  c la imed to  be  capab le  o f  e l i c -

i t r n g  s k r n  i ' e a c t i o n s  t J ó . 1 / ) .  m u l t i p i e  c o p i e s  l i n k e d  t o  a

n o n a l l e r g e n i c  p r o t c l n  i r o m  h u m a n  o r i g i n  r v o u l d  b e  a

m o r e  p o t , l n l  t o o l .  T h i s  c t l u i d  b c  a c h i e v e d  b y  e x p r e s s -

i n g  c D N A .  e n c o t l i n g  a  h u m a n  p r o t e i n  r v i t h  m u l t i p l e

g i - v - c o s y l a t i o n  s i t c s .  i n  r r  o l a n t  ù x p r e  s s i o n  s y s t e m -  T h e

n im rvou ld  be  lo  i r 'o ta in  I  human pro te in .  g iycosy la ted

t i k e  a  p l a n t  g l v c o p r o t e i n .  B y  a o p l i c a t i o n  o f  s u c h  a  r e -

c o m b i n a n t  a l i e r g e n  i n  s k i n  t e s t s  o r  h i s t a m i n e - r e i e a s t '

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

b c  d e t e r m i n e d .

C o n c l u d i n g  r e m a r k s
A s  p o i n [ e d  o r - r t  . l b o v c .  a t  l c a s t  i h r e e  c r o s s r e a c t i v e

i t ruc tu re  s  l t re  1p \ r t ) i ' , ' ed  in  po l len-v 'ege ' .ab Ie  food c ross-

i ' c a c t i v i t v :  ( l )  B e t :  I  r n c i  t h e  l e l a L e d  o r o t e i n s  i n  o t h e r

e l l e r g e n  5 o u r c ù s .  i l ) l r o r ì l i n .  a n d  ( i ) C C D '  i n  a d d i t i o n .

the  carbghyc l ra te  de  te rminants  a rc  invo lvec l  in  c ross-

r c e c t i v i l v  b c t r i ' e ' t o  r ì i l e r g e n  s o u r c e s  o f  b o t h  p l a n t  a n d

i n v e r r e b r a t t  a n i m n l  , : i - i g i n .  T h e  a n a l y ' s i s  o f  s e r a  w i t h  a

l r rou t i  sL)cc t rL lm r t i  l3E i -e l i c t i v i t ' ;  i s  there fore  very

c o m p l e x .  . \  ; c r u m  J l I n  b e  c r o s s r e a c t i v e  t o  p o l l e n  a n d

v e g c t e b i e  f o r t t l s  l l e c u u s c  i t  c O n t e i n s  c r ( ) ) s r c l c t i v e  I g E

d i rec te t l  to  onc  o i  these ) t i -uCt t ì reS or  lo  en ,v '  combina-

r i o n  o i  t h e  t h r e e .  
- i ' h e  

a v r i l a b i l i t y  o i  i h e  c r o s s r e a c t i v e

a l le rgens  in  pur i t ' i ed  io rm crea tes  the  oppor tun l t ) i  to

inves l iga tc  the i r  i rnp , - t r t l tnce  f< l r  the  lc rosS ) reac t iv i t y  o l '

i n t i i v r t iu l r l  ser i l  w ' i th  po l ien  and vegetab ie  tog t is .  Pro-

i i l i n  l n c i  B e r  t , i  c a n  b o t h  e 1 s i 1 1 ' b e  o b t a i n e d  i n  p u r i t i e c

fo rm by '  u i f ìn i r ; ' '  pur t t ì c i l t ion  rv i th  Sepharose-coup le t :

p o l ' , r l  - p r o l i n e )  , i n i , l  S e n h a r o s e  - c o u p l e t l  a n t i - B c /  r ' '  I

monoc lona ls .  resDecr ive l l , ' .  For  the  carboh.vdra te  de-

ie rmin i rn ts .  the  rn r )S i  impor ten t  i ssue is  to  Se l )a ra tc

i ìn t i -CCD' .1s1 i \ , ' i i v  i rom ant i -pent ide  ac t iv i t r , ' .  Combin-

ing  en t i -CCD t i te i -s  . ' i  i th  en t i - ,9gr  l  I  : tnd  ln t i -p ro i ' l l i r i

l l i e rs  
"v ' i Ì l  

p rov ide  rns igh t  in to  ihe  c rossreac ' . . i v i t v  pa t -

: r rns  o i  in t l r ' , ' i t j u l r i  j t r : I .  in  sc rmc CùSc-s .  S t l r l ì  tu rned ou t

t o  b e  u n i q u c l v  i - : a c l i i ' e  
" v i t h  

o n l v  o n e  t l i  t h e  c r o s s r e

: rC t l , .  t  i t t - t i e  lU r - ;S .  . j . ; an  i ú i l i  J . i i Ì  ; l ' .  a  r i ì  l ; l t i i u l r t i t ) o  i r i

i t s  c l i n i ce I  r e i e . . , ance .  : ìS  w 'ns  t l r eed r  O i scL iSSùd  fo r  n r , ' t r

pa t i en i s  , . v i t h  m l r i n l ' " '  an t i - p ro t ì i i n  l gE .  F ' c t r  í ] r : t  ' ' '  I  ; l n t i

p ro i ì l i n .  i t  seems  c ie : r r  r : ha t  t ney  a re  i n i  e - l ' ' " ' ed  i n  c l i n i c . l l

r n a n i f e s t a t i o n s .  F o i -  C C D  l h i s  i s  s i i l l  t l e b l t a b l e .  l t  i : ;

i i n p r - t r i t r l i  i p  c l u r i i i '  l h i s  i s s i l e .  l i  c l i n i c e i l v  l n ' e i ù v l l . r l t .

i h i s  r , r ' t t t t l t l  p c : t n  l h e t  l r , t i - C C D  1 s I  q o r r i d  p r e l c r a b i ' l

g o  u n t i e t r : c t e t i  i n  e i i e r ' 3 ' '  J i l g n ( ì s i i c s .
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