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SUMMARY: Cross-reactive carbohydrate determinants (CCD) dif fer from classical peptide epitopes because their cross-reacti-
v i ty  is  not  rest r ic ted to  a  prote in  fami ly  or  domain.  They can be cons idered as panepi topes.  Ant igen present ing ce l ls  (ApC)
express membrane receptors  for  lgE.  APC-bound lgE are ab le  to  widen the pat ient 's  sens i t iza t ion spect rum through cross-b in-
d ing of  a l le rgens be longing to  the same prote in  fami ly  or  domain.  In  the case of  carbohydrate  panepi topes the same mecha-
n ism could  induce a much larger  ar ray o f  new sens i t ìzat ions than pept ide ep i topes can do.
Key-words: Cross-reactive Carbohydrate Determinants - CCD - Panepitopes, cross-reactivi ty - lgE - Sensit izat ion process

a r b o h y d r a t e  c h a i n s  b o r n e  b y  g l y c o p r o t e i n s  a r e
a  p o t e n t  s o u r c e  o f  l g E  s y n t h e s i s  ( 1 ) .  T h e  n a t u r e
o f  t h e  s u g a r s ,  a n d  t h e i r  s e q u e n c e s ,  g r e a t l y  v a r y

a m o n g  t h e s e  g l y c a n s  r 2 r ,  B u t  s o m e  o f  t h e m  s h a r e
c o m m o n  f e a t u r e s  a n d  a r e  a b l e  t o  b i n d  t o  t h e  s a m e
an t i - ca rbohyd ra te  l gE  mo lecu les .  These  c ross - reac t i -
v e  s t r u c t u r e s  a r e  n o w  w e l l  s t u d i e d  a m o n g  a l l e r g e n i c
p roduc t s ,  such  as  po l l ens ,  and  a re  re fe r red  t o  as  CCD
o r  C r o s s - r e a c t i v e  C a r b o h y d r a t e  D e t e r m i n a n t s  ( 3 ) .

C ross - reac t i v i t y  i s  a  gene ra l  p rope r l y  o f  l gE  an t i bod ies .
Unspec i f i c  b i nd ing  o f  l gE  i s  poss ib l e  as  l ong  as  c ross -
reac t i ve  ep i t opes  sha re  a  m in imum leve l  o f  homo logy
(4 ) .  I n  t he  case  o f  pep t i de  ep i t opes ,  c ross - reac t i v i t y  i s
rest r ic ted to  members o f  a  same prote in  fami ly :  for
e x a m p l e ,  b i r c h  p o l l e n  a n d  a p p l e  c o n t a i n  a l l e r g e n s
be long ing  t o  t he  PR-10  p ro te in  f am i l y  ( i e .  Be t  v  1  and
Ma l  d  1 ,  r espec t i ve l y )  ( 5 ) .  Some t imes ,  t he  homo logy  i s
more  concen t ra ted  and  i t  app l i es  on l y  t o  a  p ro te in
doma in :  f o r  examp le ,  Pe rs  a  1 ,  a  ch i t i nase  f r om avoca -
do  pea r ,  c ross - reac t s  w i t h  Hev  b  6 .01 ,  a  ba rw in - l i ke  p ro -
t e i n  f ound  i n  hevea  l a tex ,  t h rough  the  heve in  doma in
they  have  i n  common  a l t hough  these  a l l e rgens  do  no t
be long  t o  t he  same  p ro te in  f am i l y  ( 6 ) .

CCD can g ive r ise to  a  wider  cross- react iv i ty  than pept i -
de ep i topes because the spect rum of  cross- react ive g ly-
cans is  ne i ther  rest r ic ted to  a  def ined prote in /domarn

(1 )  Labora to i re  de  B ioch im ie  -  Cen t re  Hosp i ta l i e r  Chuber t
l eva rd  Gu i l l audo t  -  56017  Vannes  (F rance) .
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fami ly,  nor to c lose organisms. For example,  the carbo-
hydrate chain found on bromelain,  a plant cysteine pro-
tease from pineapple,  can cross-react wi th Api  m 1,  an
insect phosphol ipase from honeybee venom (7).

Why a protein is an al lergen is great ly unknown. Even
the  mechan isms the  an t igen present ing  ce l l s  (APC)  use
to catch some proteins in order to s ignal  them as al ler-
gens to T lymphocytes have been poor ly studied (8).  A
role for  special ized membrane receptors located onto
APC could be suspected because such sensors const i -
tute the f i rst  defense l ine in many organisms l ike plants
and insects.  For example,  Tol l - l ike receptors have been
shown to  p lay  a  major  ro le  in  innate  immuni ty  mecha-
n isms (9 ) .  Bu t  these molecu les  sense danger  w i th  a
rather low speci f ic i ty:  they have af f in i ty for  a molecular
pattern,  a s ignature less def ined than an lgE epi tope.

Recent ly,  the presence of  cel l  receptors for  lgE onto
APC was demonstrated (10).  Al though these receptors
sl ight ly di f fer  f rom those found on mastocytes ou
basoph i ls ,  the i r  a f f in i t y  fo r  lgE is  h igh  and APC do bear
lgE l inked to these receptors as soon as the pr iming
phase o f  an  immune response resu l ts  in  lgE syn thes is .

B ind ing  o f  lgE on to  APC has  a  s ign i f i can t  consequen-
ce :  APC are  now ab le  to  recogn ize  more  e f f i c ien t ly  the
a l l e r g e n  t h a n  i n n a t e  i m m u n i t y  p r o b a b l y  c a n .  A n d  t h i s
APC's  func t ion  ga in  tu rns  to  an  ampl i f i ca t ion  o f  the
i m m u n e  r e s p o n s e  d e d i c a t e d  t o  t h i s  a l l e r g e n  ( 1 1 ) .

But  lgE b ind ing  on to  APC
i m m u n e  c o n s e q u e n c e  :

generates another im portant
because lgE are not str ict ly

20 ,  bou-
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speci f ic  for  a given epi tope (a given al lergen),  other
epi topes (or al lergens) wi th a suf f ic ient  level  of  homo-
logy  can a lso  b ind  to  the  same lgE.  Th is  c ross-b ind ing
can then lead to a faci l i tated presentat ion to T cel ls of
o t h e r w i s e  p o o r l y  i m m u n o g e n i c  a l l e r g e n s .  F o r

example,  a pat ient  a l lergíc to birch pol len has APC bea-
r ing ant i -Bet v 1 lgE: these APC can ef f ic ient ly bind an
homolog a l le rgen,  l i ke  Mal  d  1  f rom app le ,  and can
pr ime an immune response to  th is  app le  a l le rgen.  Th is
si tuat ion,  cal led pol len-food related al lergy,  c lear ly
shows that sensi t izat ion to birch faci l i tates the pr iming

of  another  immune responses  (12) :  so  lgE b ind ing  on to
APC can widen the pat ient 's sensi t izat ion spectrum.

The more  homologous the  a l le rgens  the  pa t ien t

comes in contact  to,  the greater the chance that th is
mechan ism opera tes .  Some pro te in  fami l ies  a re
known to  g ive  r i se  to  such mul t i -sens i t i za t ions  and
the i r  members  have been ca l led  "pana l le rgens" :  p ro-

f i l i ns ,  t ropomyos ins ,  l ip id - t rans fer  p ro te ins ,  e tc .  (13) .

As explained above, CCD are even wider cross-react i -
ve  s t ruc tu res  than pept ide  ep i topes  o f  pana l le rgens :

they  c lear ly  cor respond to  "panep i topes" .

Ant i -CCD lgE do not di f fer  f rom ant i -pept ide lgE :  they
both bind to APC lgE receptors.  And they both are

ab le  to  expand the  immune response to  the  a l le rgens

they are dedicated to.  But a major di f ference can be

inferred from the larger cross-react iv i ty of  ant i -CCD

lgE in  compar ison to  tha t  o f  an t i -pept ide  lgE:  an t i -CCD

lgE have the potent ia l  to cross-bind many more diver-

se  a l le rgens  than c lass ica l  an t i -pept ide  lgE.  Such sen-

s i t i za t ion  w iden ing  cou ld  thus  encompass  g lycopro-

te in  a l le rgens  wh ich  do  no t  be long to  the  same pro-

te in /domain  fami ly  and wh ich  come f rom very  d is tan t

organ isms.

The fol lowing hypothesis is thus suggested: cross-

b ind ing  o f  carbohydra te  panep i topes  to  lgE on  APC is

a powerful  means to widen the sensi t izat ion spectrum

far ther  than the  c lass ica l  p ro te in /domain  fami ly  l im i ts .

f igure 1 depicts how i t  could work.

Demonst ra t ing  th is  mechan ism cou ld  exp la in  why so

many pat ients show in v i t ro posi t ive resul ts to very

d i f fe ren t  a l le rgen ic  p roduc ts  (14) .  l t  cou ld  a lso  recon-

cí le the discrepancy between these frequent posi t ive

data  and the  apparent  absence o f  c l in ica l  impact  o f

CCD:  a l le rgens  sensed th rough CCD cross-b ind ing  by

APC could give r ise to new ant i -CCD lgE rather than to

new ant i -pept ide  lgE,  a  s i tua t ion  lead ing  to  a  l im i ted

diversi ty of  IgE on mastocytes and to a poor in v ivo

reactivity.

I

Figure î :  Carbohydrate  panepi topes and widening of  sens i t iza t ion spect rum.
Sensi t iza t ion to  a l lergen A induces the synthes is  o f  lgE which u l t imate ly  b ind onto ant igen present ing ce l ls  (APC).  Th is  b ind ing

leads to  an ampl i f ica t ion o f  the immune response next  t ime a l lergen A comes in to  contact  w i th  these lgE- loaded APC.  The same

mechanism of fers  a  means for  widening the pat ient 's  sens i t iza t ion spect rum i f  another  a l lergen is  ab le  to  cross-b ind to  the same

lgE than a l lergen A on APC (2nd contact  on the le f t  s ide.o f  the f igure) .
Cross-b ind ing of  a  carbohydrate  panepi tope leads to  a  poss ib ly  more widened spect rum of  new sens i t iza t ions than in  the above

s i tuat ion :  sens i t iza t ion widening is  not  rest r ic ted to  the molecu lar  fami ly  which a l lergen A be longs to  (2nd contact  on the r ight

s ide of  the f igure) .
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MILVI|AUKEE - The.ongoing cough you can't  get r id of could be a signal that you have asthma, according tothe American Academy of .Al lergy, Asthma dlrnrnunology (AAAAII Asthma is a chronic lung disease thataffects 20'3 mil l ion people in the Ùnited States. l t  accounisfor approximately 14.5 mil l ion missed work daysfor  adul ts  and 14 mi l l ion missed school  days for .À i tor "n  annuat iy .
For  people  who have asthma,  the a i r . f lowing in  and out  o f  the i r  lungs may be b locked by musc le  swel l ing andsqueez ing '  Symptoms of  as thma inc lude cough,  chest  t ightness,  sÈor tness of  breath and wheezing.Ask yourse l f  these quest ions:
For  you:
.  ls  there a  fami ly  h is tory  o f  as thma or  a l lerg ies?
. Are you constantly short of breath and whéezing?
'  when do you not ice your  symptoms -  when you-  have a co ld ,  when you are exerc is íng or  around a l lergens,such  as  po l l en ,  mo ld  and  an ima l  dande r?
'Are you miss ing work because of  symptoms?
-  l s  cough ing  and  wheez ing  keep ing  you  up  a t  n i gh t?
Fo r  you r  ch i l d :
'  Does your  ch i ld  cough,  wheeze (a  ra t t l ing sound when they breathe) ,  have chest  t ightness or  shor tness ofbreath?
'  Does your  ch i ld  cough or  wheeze wi th  p lay,  exerc ise,  laughter  or  dur ing temper  tant rums?.  l s  vou r  ch i l d  m iss ing  schoo l  because  o i  symp toms?
.  l s  cough ing  and  wheez ing  keep ing  you ,  ch i l d  up  a t  n i gh t?. - l s  t he re  a  f am i l y  h i s to r y  o f  as thmà  o r  a l l e rg i es? '
l f  you are exper ienc ing symptoms and the-y  are keeping you f rom work,  school  or  normal  act iv i t ies ,  youshould  cons ider  ta lk ing to  a  doctor  to  see i f  you have asthma.
"Every  person has the i r  own t r iggers , "  sa id  Jonathan Corren,  MD,  member  o f  the AAAA| ,s  eual i ty  o f  Care forAsthma Commit tee.  " l f  you havé asthma,  you can min imize your  symptoms by avo id ing the factors  that  t r ig -ger  your  symptoms and by work ing wi th  your  a l lerg is t / immunolog is t , ; .  

'  !  i

An a l lerg isVimmunolog is t  is  a  phys ic ian spec ia l ly  t ra ined to  manage and t reat  a l le rg ies and asthma.  To he lpprevent  symptoms,  he or  she wi l l  work  wi th  you to  f igure out  yor l r  as thma t r iggers  and develop an appro-pr ia- te  management .p lan,  inc lud ing develop ing enví ronmenta l  cont ro ls  and prescr ib ing medicat ion i f  needed.To f ind an a l lerg isVimmunolog is i  in  your  area or  to  learn more about  asthma,  .a i í  th"  AAAAI  phys ic ian
Referral and Information Line a1 1-800-822-2762 or visi t  the AAAAI web site at www.aaaai.org.
The American Acade!|Y of Al lergy, Asthma & lmmunology is the largàst professional medical specialty orga-n izat ion in  the un i ted States,  rep iesent ing a l lerg is ts ,  as tÈma specía l is ts ,  c l in ica l  immunolog is ts ,  a l l ied heal thprofessionals, and.others with a special iÀterest-ín the research and treatment of al lergic disease. Establ ishedin 1943, the AA'AAI has nearly 6,000 members in the United States, Canada and 60 other countr ies.
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