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Are  ca rbohyd ra te  ep i t opes ,  and  t hus  CCD,  ab le  t o  l ead

to  a  deg ranu la t i on?  Up  to  now ,  t he  t hes i s  t ha t  t hese

ep i t opes  have  no  c l i n i ca l  impac t  has  p reva i l ed  (4 ,  31 ) .

B u t ,  c o n s i d e r i n g  r e c e n t l y  o b t a i n e d  e x p e r i m e n t a l

r e s u l t s ,  t h i s  o p i n i o n  h a s  b e e n  c h a l l e n g e d  ( 1 0 1 ) .  F o r

examp le ,  a  comb ined  b ind ing  i s  conce i vab le ,  compr i -

s i ng  a  pep t i de  ep i t ope  and  a  ca rbohyd ra te  ep i t ope  o f

t he  same  a l l e rgen  mo lecu le  bound  to  2  ad jacen t  l gE

on the mastocyte  (5 ,  6 ,  160) .

A r g u m e n t s  a g a i n e t
a  s i g n i f i c a n t  c l l n l c a l  r c l e

A work by Van der Veen et  a l .  is  c lassical ly c i ted as a
proof  aga ins t  any  c l in ica l  impact  o f  carbohydra te  ep i -
topes (94).  These authors studied pat ients who were
RAST-posi t ive to peanuts but c l in ical ly not al lergic to
this food. They observed a histamine release af ter  the
contact  of  a peanut extract  wi th the basophi ls of  these
pat ien ts ,  bu t  on ly  when very  h igh  concent ra t ions  o f
th is  ex t rac t  (o r  o f  ind iv idua l  a l le rgens  l i ke  Ara  h  1  o r
Ara  h  2 )  were  app l ied .  Th is  cont ras ted  w i th  the  much
l o w e r  c o n c e n t r a t i o n s  n e e d e d  w i t h  b a s o p h i l s  o f
p a t i e n t s  t r u l y  a l l e r g i c  t o  p e a n u t s .  l t  w a s  c o n c l u d e d
tha t  the  an t i -g lycan lgE de tec ted  by  in  v i t ro  methods
w e r e  c l i n i c a l l y  i r r e l e v a n t .

M a r i  t e s t e d  t h e  r e a c t i v i t y  t o  b r o m e l a i n  i n  4 5 3 5  s u b -
j e c t s  w i t h  a  s u s p i c i o n  o f  r e s p i r a t o r y  a l l e r g y  ( 3 1 ) .  H e
found 23o/ '  posi t ive resul ts in v i t ro but only 0.1% (4

(1)Lrb"r" t . re de Biochimie -  Centre Hospi ta l ier  Chuber- t  -  56017
Vannes  (F rance)  -  E -ma i l :  hen r i .ma landa in@ch-b re tagne-a t lan t ique . f r

sub jec ts )  pos i t i ve  reac t ions  on  sk in  tes t ing .  So,
n e a r l y  a l l  p o s i t i v e  C A P  r e s u l t s  w e r e  w i t h o u t  c l i n i c a l
s ig  n  i f  i ca  nce .

A subset of  the same cohort  (1076 pat ients)  was also
skin tested with other glycoproteins (31):  none pat ient
was posi t ive for  ascorbate oxidase, 6 were posi t ive for
honeybee PLA2, and 90 for horseradish peroxidase.
These di f ferences in skin test  resul ts were assigned to
the  respec t ive  va lenc ies  o f  the  pro te ins  (31) :  horsera-
d i s h  p e r o x i d a s e  i s  a  " m u l t i v a l e n t "  g l y c o p r o t e i n
(7  g lycan cha ins) ,  whereas  bromela in  i s  "monova len t "
( o n l y  1  g l y c a n  c h a i n ) .

Van der Veen et  a l . ,  used the same reasoning to
exp la in  the i r  resu l ts  (94) :  peanut  p ro te ins  cou ld  po ly -

mer ize  and become "mul t i va len t "  a t  h igh  concent ra -
t ions .  Tenants  fo r  a  neg l ig ib le  c l in ica l  impact  o f  CCD
also argue that the few posi t ive resul ts obtained
dur ing  ex  v ivo  exper iments  cou ld  be  re la ted  to  the
m u l t i v a l e n c y  o f  t h e  g l y c o p r o t e i n s  u s e d  ( 4 l ' :  f o r
example ,  ce le ry  Ap i  g  5  bears  a t  leas t  3  g lycan cha ins
(59)  and tomato  Lyc  e  2  has  4  g lycan cha ins  (84) .

But the resul ts obtained by van der Veen (94) and by
Mari  (31 )  cou ld be seen f  rom a di f ferent point  of  v iew (6):
>  in  the  case o f  peanuts  (94) ,  the  pa t ien ts  were  pr i -

m a r i l y  s e n s i t i z e d  t o  g r a s s  p o l l e n s :  t h e i r  a n t i - g l y c a n
lgE were  thus  more  re la ted  to  g rass  g lycans  than to
peanut  g lycans  (most ly  o f  M0XF3 type vs  h igh-man-
nose type,  respec t ive ly ) .  And perhaps  on ly  h igh
concent ra t ions  o f  peanuts  cou ld  overcome th is  g lyco-
me inadequacy  a t  the  basoph i l  leve l ;
>  in  the  case o f  sk in  tes ts  w i th  b romela in  (31) ,  i t  i s
no t  surpr is ing  tha t  near ly  no  pos i t i ve  resu l t  was
observed in  an  unse lec ted  popu la t ion .  A  degranu la-
t ion  requ i res  the  b ind ing  o f  2  ep i topes  to  2  ad jacent
lgE.  As  long as  bromela in  bears  on ly  one g lycan cha in ,
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a posi t ive skin test  requires that  pat ient 's lgE are direc-

ted to 2 pept ide epi topes or to one glycan and one

pept ide epi topes. In both cases only pat ients actual ly

sent i t i zed  to  b romela in  cou ld  have an t i -pept ide  an t i -

bodies and would give a posi t ive skin test ,  a s i tuat ion

on ly  seen in  ra re  cases  o f  occupat iona l  a l le rg ies .

S imi la r  remarks  cou ld  be  made about  the  resu l ts  Mar i

ob ta ined w i th  o ther  g lycopro te ins  (31) :  ascorbate  ox i -

dase is not known as an al lergen; PLA2 posi t ive rate
(0.6%) could match the actual  prevalence of  sensi t iza-

t ion  to  honeybee in  unse lec ted  popu la t ions ;  and hor -

serad ish  perox idase f igures  cou ld  be  re la ted  to  the

sens i t i za t ion  to  food perox idases  such as  those found

i n  l e g u m e s  o r  f l o u r s  ( 1 6 1 ) .

f m c t s  f m w q p u n i m g
m s i l ín f rc* *  ro f ;e  mS g f lyc#-ep f l t cP**

Ohta er a/ .  f i rst  publ ished a proof for  a c l in ical  ro le of  car-

bohydrate epitopes (1621: these authors observed posi-

t ive skin tests wi th an ol igosacchar ide isolated from

Styeta plicata, an oyster parasite responsible for occu-

pat ional  asthma in Japan. But th is work suf fered from

methodological  f laws (119).  More signi f icant resul ts

have been recent ly obtained with plant products:
> Vieths's team studied pat ients al lergic to celery,

tomato  or  zucch in i .  Basoph i ls  o f  these sub jec ts  degra-

nu la ted  in  contac t  w i th  b romela in  g lycans  coup led  to

bova lbumin  (84 ,  163) .  Tomato  Lyc  e  2 los t  i t s  degranu-

lat ing power i f  deglycosylated (3a).  And a posi t ive oral

cha l lenge tes t  (DBPCFC)  was observed w i th  ce le ry  and

zucch in i  (3  and 1  sub jec ts ,  respec t ive ly ) ,  a l though

these pat ients were sensi t ized in v i t ro only to glycans

in  these foods  (164,  165) .
F lacovacci  et  a/ .  studied pat ients al lergic to cypress

and compared nCup a  1  w i th  i t s  non-g lycosy la ted

recombinant counterpart  rCup a 1 (53).  /n v i t ro,  a l l

subjects posi t ive to nCup a 1 were found negat ive to

rCup a  1 .  Pass ive ly  ac t i va ted  basoph i ls  o f  3  pa t ien ts

responded s imi la r ly ,  a  degranu la t ion  be ing  observed

on ly  w i th  the  na tura l  g lycosy la ted  a l le rgen.
È Batane ro et  a l .  tested a glycopept ide obtained from

the o l i ve  po l len  major  a l le rgen,  O le  e  1  (166) .  Th is  g ly -

copept ide was able to act ivate the basophi ls of  5 ol ive

al lergic pat ients.  And the same resul t  was even obser-

ved w i th  f ree  g lycans  ob ta ined f rom Ole  e  1 .
> A histamine release was demonstrated with Api  g

5  in  a  pa t ien t  a l le rg ic  to  ce le ry  (59) .  A f te r  deg lycosy la -

t ion of  Api  g 5 th is ef fect  was lost .  But these resul ts

were  d isputed  on  the  grounds tha t  the  deg lycosy la -

t ing agent used could have af fected the protein spa-

t ia l  con format ion  (6 ) .
>  A l though Hev b  13  is  a  ma jor

latex,  i ts  lgE-react iv i ty was shown
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a l l e rgen  i n  hevea

rest r ic ted to  g lyco-

e p i t o p e s  ( 1 0 1 ) .  A  s i m i l a r  f i n d i n g  h a s  b e e n  r e p o r t e d  f o r

H e v  b  4  ( 1 6 7 ) .  H o w  m a n y  g l y c a n  c h a i n s  a r e  a c t u a l l y

p r e s e n t  o n  H e v  b  1 3  i s  u n k n o w n ,  b u t  t h i s  a l l e r g e n

c o u l d  b e  " m u l t i v a l e n t "  b e c a u s e  i t  h a s  3  p o t e n t i a l  g l y -

cosy la t ion  s i tes .
>  T i m o t h y  g r a s s  P h l  p  1 3  a l l e r g e n  w a s  a b l e  t o  e l i c i t  a

med ia to r  re lease f rom the  basoph i ls  o f  a  pa t ien t

whose lgE- reac t iv i t y  was  res t r i c ted  to  g lycans  (45) '

B e c a u s e  P h l  p  1  g a v e  n o  r e s p o n s e  i n  t h e  s a m e

pat ien t ,  the  au thors  s ta ted  tha t  mu l t i va lency  is  man-

datory  fo r  any  g lycan-based ce l l  reac t iv i t y  (4  g lycan

c h a i n s  a r e  p r e s e n t  o n  P h l  p  1 3 ,  c o m p a r e d  t o  o n l y  o n e

c h a i n  o n  P h l  p )  1  ( 4 5 ) .

recent ly  suggested  in  mugwor t  po l len  a l le rg ic  pa t ien ts

(168):  responses to skin and to nasal  provocat ion tests

were  h igher  w i th  na tura l  Ar t  v  1  a l le rgen than w i th  i t s

non-g lycosylated recom bi  nant cou nterpa r t .

Data support ing a s igni f icant c l in ical  ef fect  of  g lyco-

ep i topes  are  thus  on  the  r i se  bu t  s t i l l  p re l im inary '  Th is

contrasts wi th the high rate of  CCD-mediated posi t ive

results observed with in vitro techniques such as

RAST or  immunob lo t t ing '  An  exp lanat ion  cou ld  res t

on  methodo log ica l  d i f fe rences :  in  serum-based tech-

n iques  the  ep i tope/ lgE ra t io  i s  typ ica l l y  h igh  so  tha t

even low a f f in i t y  b ind ings  are  revea led ;  in  add i t ion

lgE molecu les  are  f ree ,  an  oppor tun i ty  absent  in  ce l l -

based sys tems (4 ,  169) .

A low lgE-react iv i ty does not infer that  carbohydrate

ep i topes  are  poor ly  immunogen ic ,  however :  i t  seems

that  g lycan cha ins  have an  impor tan t  ro le  as  an  ad ju -

vant dur ing the sensi t izat ion process (70-172) ' '

PRAGTTGAL GOIUSEOUENGES
FOR ALTERGY DIAGNOSTS

As long as the demonst ra t ion o f  a  c lear  in  v ivo e f fec t

o f  ca rbohyd ra te  ep i t opes  i s  s t i l l  t o  be  con f i rmed ,  one

shou ld  cons ide r  t hese  ep i t opes  as  po ten t i a l  i n t e r f e -

ran t s  i n  se rum-based  assays .  l n  v i t r o  resu l t s  cou ld  be

affected in two dif ferent waYS:

>  t he  pa t i en t  i s  sens i t i zed  t o  t he  ex t rac t  a l l e rgen  t es -

t e d :  a n t i - g l y c a n  l g E  a r e  m e a s u r e d  i n  a d d i t i o n  t o  a n t i -

pep t i de  l gE :  t he  quan t i t a t i ve  resu l t  i s  exagge ra ted '  Fo r

examp le ,  t he  pa t i en t  i s  mono -sens i t i zed  t o  peanu ts

and  he r /h i s  peanu ts  RAST resu l t  i s  t he  add i t i on  o f

some  kU / l  r e l a ted  t o  pep t i de  ep i t opes  and  o f  some

kU/ l  r e l a ted  t o  g l ycan  eP i t oPes ;

>  t he  pa t i en t  i s  no t  sens i t i zed  t o  t he  ex t rac t i a l l e rgen

tes ted  bu t  t he  ca rbohyd ra te  ep i t opes  recogn i zed  by

the  pa t i en t ' s  l gE  a re  c ross - reac t i ve :  t hey  behave  as

C C D .  F o r  e x a m p l e ,  i n  a  p o l l i n i c  p a t i e n t  n o t  s e n s i t i z e d

to  l a tex  some  g l ycan  ep i t opes  p resen t  i n  t he  l a tex

Europeon Annols of Al lergy ond cl inicol lmmunology - volume 37 - n" 7 - 2005



ext rac t  can  b ind  to  an t i -g lycan lgE present  in  the
pat ien t ' s  serum.  The RAST resu l t  i s  " fa lse ly "  pos i t i ve .

Serum-based assays ,  such as  RAST and o ther  "spec i -
f ic"  lgE tests,  are typical ly at  r isk of  a carbohydrate
in te r fe rence.  But  th is  a lso  app l ies  to  immunob lo t  as
exampl i f ied by the recent discovery of  Hev b 13, a
major  la tex  a l le rgen wh ich  has  been mis taken fo r  Hev
b  7  f  o r  a  l o n g  t i m e  ( 1 0 1 ) .

Ce l l -based tes ts  (eg .  basoph i l  ac t i va t ion ,  h is tamine
re lease,  o r  f low cy tomet ry )  a re  much less  prone to
this carbohydrate/CCD interference (  1 73).

One  mus t  s t r ess  some  po in t s  abou t  t he  i n te r f e rence

in  " spec i f i c "  l gE  assays :
> the d ivers i ty  and the concent ra t ion o f  the ep i topes

con ta ined  i n  a  commerc ia l  " spec i f i c "  l gE  assay  d i f f e r

f r om a  manu fac tu re r  t o  ano the r  one  (o r i g i n  o f  t he

ex t rac t ,  b i nd ing  on  a  so l i d  phase ,  e t c . ) .  The  impac t  o f
g lyco-ep i topes can thus great ly  vary  between commer-

c ia l  reagents ,  some of  them being less a fected (174l ' ;
F  t hese  d i f f e rences  can  a l so  ex tend  t o  uncha rac te r i -

zed  p ro te ins  p resen t  i n  t he  ex t rac t  ( and  i n  t he  reagen t )

a l o n g  w i t h  k n o w n  a l l e r g e n s .  T h e s e  s e e m i n g l y  h a r m -

less  p ro te ins  can  c ross - reac t  w i t h  an t i - g l ycan  l gE  as

eas i l y  as  we l l - known  g l yca ted  a l l e rgens  p resen t  i n  t he

ext ract  ( f igure 5) .  An exaggerated response or  a  pos i -

t ive  "spec i f ic "  lgE test  can thus resu l t  f rom a wide

array o f  natura l  products .

Such  ma t r i x - i nduced  p rob lems  have  been  poo r l y  s tu -

d ied .  The  ra re  pub l i shed  da ta  dea l t  w i t h  a  d i f f e ren t

s i tuat ion,  ie .  the lec t in  e f fec t  o f  cer ta in  ext racts  (eg.

l egumes )  wh i ch  cause  a  non -spec i f i c  l gE  ( l gE  mo le -

cu les are themselves g lycoprote ins)  (175-177l , ;

a

P a l r e n t s  s e r u m  t g E s  a n t - g r y : a r f

/i"""::x\

L t  I  "#  
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I  f  an t i - g l ycan I

\  
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I  c r o s s - r e a c t  
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Class i ca l  CCD :  Unexpec ted  CCD:
cross-reaction with cross-reaction with
glycans borne by matrix
kno\tuî al lergens glycoproteins

Figure 5 :  CCD react iv i ty  is  not  rest r ic ted to  a l lergens
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>  the  r i s k  o f  a  CCD in te r f e rence  i s  h i ghe r  when  seve -

ra l  p roduc t s  a re  m ixed  i n  t he  same  reagen t ,  espec ia l -

l y  when  these  p roduc t s  a re  o f  t oo  he te rogeneous  o r i -

g i ns :  f o r  examp le ,  bee f ,  sh r imp ,  k iw i f r u i t  and  sesame

in  t he  same  reagen t .

I n  t he  examp le  shown ,  sens i t i za t i on  t o  t he  p roduc t  A

gave  r i se  t o  l gE  d i r ec ted  t o  g l ycans  i n  A  (b l ack  d ia -

monds ) .  These  l gE  cou ld  c ross - reac t  w i t h  t he  CCD o f

a l r eady  known  a l l e rgens  i n  t he  p roduc t  B .  Bu t  g l ycans

p resen t  on  non -a l l e rgen i c  p ro te ins  cou ld  a l so  c ross -

react ,  generat ing a  pos i t ive  response in  the case of

product  C.

F ina l l y ,  w i t h  t he  g row ing  use  o f  r ecomb inan t  a l l e r -

gens  f o r  d i agnos t i c  pu rposes ,  ca re fu l  a t t en t i on  shou ld

be  pa id  t o  check ing  t he  equ i va lence  be tween  recom-

b inan t  a l l e rgens  and  t he i r  na tu ra l  coun te rpa r t s :  f o r

example,  P ich ia  pastor is -based express ion systems

a re  ab le  t o  add  l gE - reac t i ve  mannosy la ted  cha ins

on to  na tu ra l l y  non -g l ycosy la ted  such  as  g rass  Dac  g  5
( 1 7 8 )  a n d  m i t e  D e r  p  1  ( 1 7 9 ) a l l e r g e n s .  A  s i m i l a r  p h e -

nomenon  was  obse rved  w i t h  recomb inan t  f i r e  an t  So l

i  3  a l l e rgen  exp ressed  i n  a  bacu lov i r us / i nsec t  ce l l  s ys -

t e m  ( 1 8 0 ) .

Whem sqluEs$ m ff iCff i
6n tmr fe ranse  hm sarspec ted?

I Wittr plant-derived products: All plant products
must be suspected to contain lgE-reactive glyco-epi-
topes:  po l lens,  foods,  la tex,  e tc . .  A cross- react iv i ty

be tween  these  g l yco -ep i t opes  i s  a l so  poss ib l e ,  g i v i ng

r i se  t o  p l an t  CCD (p -CCD) .  The  l eve l  and  t he  f r equen -

cy o f  p-CCD cross- react iv i ty  is  d i rect ly  dependant  on

the  deg ree  o f  homo logy  be tween  the  g l ycan  cha ins

p resen t  i n  t he  c ross - reac t i ng  ex t rac t s .  The  ma in  cause

o f  p - C C D  i s  p o l l i n o s i s ,  e s p e c i a l l y  i n  m u l t i p l e  p o l l e n

s e n s i t i z e d  p a t i e n t s  ( 2 2 ,  3 1 ,  1 8 1 ) .  B e c a u s e  p o l l e n  a n d

food  sens i t i za t i ons  a re  o f t en  assoc ia ted ,  i t  i s  d i f f i cu l t

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

in to  t he  obse rved  l gE - reac t i v i t y .  I n  some  cases ,  howe-

v e r ,  o n e  c a n  f i n d  h e l p  i n  p a y i n g  a t t e n t i o n  t o  g l y c o m e s :

f o r  e x a m p l e ,  l e g u m e  s e e d s  c o n t a i n  h i g h l y  m a n n o s y -

l a ted  g l ycomes  (182 )  wh i ch  a re  on l y  s l i gh t l y  p rone  t o

c ross - reac t  w i t h  g rass  g l ycan  cha ins  (22 l .The  same

cou ld  app l y  t o  non - fucosy la ted  v i c i l i ns  such  as  peanu t

A ra  h  1  o r  haze lnu t  Co r  a  11  (39 ,  183 ) .

I  Wlttr other products:
F  some  a l l e rgens  p resen t  i n  mamma ls  a re  g l ycosy -

l a ted :  ovomuco id  i n  egg ,  Fe l  d  1  i n  ca t  ha i t  e t c . . .  The i r

g l ycan  cha ins  seem unab le  t o  c ross - reac t  w i t h  p -CCD;

(c rus tacea ,  mo l l usks ,  m i t es ,  and  many  o the r  i nve r te -
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-

brates) have no signi f icant carbohydrate-related lgE-
react iv i ty;
F  some mol lusk  g lycopro te ins  possess  1 ,3 - fucosy la -
ted  or  xy losy la ted  g lycan cha ins  (eg .  sna i l  hemocya-
n in ) .  They  migh t  c ross- reac t  w i th  p -CCD.  But  such a
cross-react iv i ty is st i l l  to be demonstrated;

seems unl ikely wi th mites,  at  least  any cross-react iv i -
ty between mites and p-CCD;
> the  re levance o f  g lycan- induced lgE- reac t iv i t y  i s
proved for hymenoptera venom. The cross-react iv i ty
between p-CCD and venom glycans needs further stu-
d ies .  Data  are  lack ing  about  the  insec t -der ived  aeroa l -
le rgens  (eg .  cockroaches) ;
>  f u n g i  c o n t a i n  h i g h  m a n n o s e  g l y c a n  c h a i n s  a b l e  t o
generate cross-react ions between di f ferent mould
spec ies .  These mou ld-CCD probab ly  do  no t  c ross-
react wi th p-CCD.

What is  the qunnt i ta t ive * f f *c t  a f  t r# f f i
on  fn  v i t r s  resu l t s?

This  ques t ion  has  no t  been proper ly  s tud ied  up  to
now.  Few data  are  ava i lab le :
È  bromela in  CAP resu l ts  were  found <  3 .5  kU/ l  in  po l -

len  a l le rg ic  sub jec ts  (n=14)  (35) ;
> 75-90% pat ients posi t ive for  CCD in birch,  mug-
wort  or  ryegrass pol len extracts had ant i -CCD lgE
concentrat ions < t  kU/ l  (39);
> but 42% CCD RAST were > 1 kui l  in pol len al lergic
pat ien ts  w i th  an  app le  CAP resu l t  >  2  ku / l  (184) .
> very recent ly,  Kochuyt et  a/ .  reported convincing
data  in  14  pa t ien ts  a l le rg ic  to  hymenoptera  venoms
but wi th fa lse posi t ive in v i t ro tests for  pol lens (185):

CAP bromela in  resu l ts  ranged f rom 0 .49  ku / l  to  10 .8
kU/ | .  A  good para l le l i sm was found be tween CAP bro-
mela in  and CAP po l len  resu l ts  in  these pa t ien ts .

ln addi t ion,  some in v i t ro resul ts could be turned posi-

t ive only by the presence of  CCD react iv i ty (34, 78, 165).

A r e  t h e r e  * i m p l e  n n e t h o d s
t o  p o l n t  o u t  a  C C n  i n t e r f e r e n c e ?

As long as  commerc ia l  reagents  fo r  "spec i f i c "  lgE

assays are interfered by glyco-epi topes, the s implest

way to point  out  such an interference consists in per-

fo rming  a  b romela in  RAST.  l f  th is  tes t  i s  pos i t i ve  the
pat ien t ' s  serum conta ins  some ant i -CCD lgE (o r  the
pat ien t  i s  ac tua l l y  sens i t i zed  to  b romela in ,  an  ex t re -
mely  ra re  event ) .  A  pos i t i ve  b romela in  resu l t  means

that certain other in v i t ro resul ts could be exaggera-
ted, or even posi t ivated, by the glyco-epi topes pre-

sent in the extract  tested.

One must  keep in  mind  tha t  b romela in  i s  an  imper fec t
CCD mode l .  Th is  g lycopro te in  bears  a  g lycan cha in

c loser  to  g rass  po l len  a l le rgens  than to  t ree  po l len

a l le rgens  (M0XF3 vs .  GnGnXF3 or  MMX3,  respec t ive-
ly )  ( t6 ,  186-188) .  The type o f  po l l inos is  has  thus  i t s

impor tance (39)  and i t  cou ld  he lp  to  take  in to  account
the  g lycomes o f  the  na tura l  p roduc ts .

A bromelain RAST could be useful  when in v i t ro

resu l ts  do  no t  match  the  c l in ica l  p ic tu re  (symptoms,

sk in  tes ts ) ,  espec ia l l y  when numerous  RAST are

found pos i t i ve .  Check ing  the  poss ib le  p resence o f

an t i -CCD lgE is  adv isab le  w i th  th ree  k inds  o f  na tura l
products:
>  foods  o f  p lan t  o r ig in :  th is  ma in ly  app l ies  to  vege-

tab les  and f ru i ts  bu t  cou ld  be  a lso  use fu l  to  seeds

such as  peanuts ;

pa t ien t  w i thout  occupat iona l  r i sk  fac to rs ;

w a s p  v e n o m s  ( 4 1 l .

GOIIIGLUSTON ANID
FUTURE PROSPEGTS

Carbohydrate epitopes and CCD add a third level to lgE

cross-reactivity mechanisms. A cross-reaction can arise:
.  f rom taxonomy c loseness  (eg .  ins ide  a  bo tan ica l

fa  m i l y ) ;
.  f rom pro te ins  be long ing  to  the  same fami ly  (eg '

b i r c h  B e t v  l  a n d  a p p l e  M a l  d  l  a r e  P R - 1 0  p r o t e i n s ) ;
.  bu t  a lso  f rom carbohydra te  ep i topes ,  ie .  w i th  ne i -

ther  taxonomica l  nor  mo lecu la r  re la tedness '

Whi le pept ide epi topes have a c lear impact on in v ivo

I  gE-react iv i ty,  g lyco-epi topes st i  |  |  wa i t  for  co nf i  rmat ion

of a c l in ical  ro le.  Their  in v i t ro react iv i ty is thus to be

cons idered as  a  po ten t ia l  compl ica t ion  in  a l le rgy  d ia -
gnos is .  Th is  i s  espec ia l l y  t roub lesome when a  pos i t i ve

resu l t  i s  on ly  due to  the  presence o f  CCD,  ie .  to  ep i -

topes  unre la ted  to  the  ac tua l  pa t ien t ' s  sens i t i za t ion .

For  the  same reasons ,  the  prob lems induced by

g lyco-ep i topes  cou ld  compl ica te  the  pre-marke t ing

a s s e s s m e n t  o f  g e n e t i c a l l y  m o d i f i e d  o r g a n i s m s
(GMO). One step of  the WHO/FAO protocol  about

GMO requires to check the absence of  any in v i t ro

react iv i ty of  pat ients sera wi th the protein to be trans-

fe r red  to  the  GMO (189) :  Must  CCD-pos i t i ve  sera  been

avoided or pre-treated, as suggested in the protocol?

O p i n i o n s  a r e  d i v i d e d  a b o u t  t h i s  p o i n t  ( 1 9 0 - 1 9 2 ) .

As  long as  the  ques t ion  o f  the  c l in ica l  impact  o f  g lyco-

ep i topes  is  unanswered,  e f fo r ts  shou ld  be  urgent ly

made fo r  cor rec t ing  or  measur ing  the  in te r fe rence o f

250 Europeon Annols of Al lergy ond cl inicol lmmunology - volume 37 - n" 7 - 2005



these ep i topes  in  commerc ia l l y  ava i lab le  RAST- type
assays. To this end, some attempts have been recent-
ly made (221.

Other  p rogress  wou ld  be  des i rab le ,  such as  be t te r
d e l i n e a t i n g  t h e  i m p o r t a n c e  o f  C C D  a m o n g  a n i m a l
produc ts ,  o r  improv ing  our  knowledge about  O-g ly -
can lgE- reac t iv i t y .  For  example ,  the  unexpected  lgE-
react iv i ty of  beta-arabinofuranoses on mugwort  Art  v
1  a l le rgen (193)  opens  new avenues fo r  s tudy ing  O-
glycan cross-react iv i ty.  l t  could be also of  interest  to
s tudy  the  par t  p layed by  an t i -g lycan lgG (25) ,  espe-
c ia l l y  in  pa t ien ts  t rea ted  w i th  immunotherapy ,  and to
so lve  the  ques t ion  o f  whether  ad jacent  pept ide-  and
carbohydra te-ep i topes  are  ab le  to  co-opera te  a t  the
ce l l  leve l  (45 ,  169,  187) .

One can expec t  s ign i f i can t  advances  in  our  unders-
tand ing  o f  CCD-re la ted  phenomena f rom the  fas t  p ro-
g r e s s  m a d e  i n  t h e  d o m a i n  o f  g l y c a n  c h a i n  m a p p i n g .
Just as genome mapping ef for ts have benef i t ted to
phy logenet ics  and to  a l le rgen c lass i f i ca t ion ,  the  accu-
mula t ion  o f  g lycomes ana lyzed fo r  g lycob io logy
research aims could give better c lues to correct ly
interpret in vitro results.

I n  a d d i t i o n ,  u n r a v e l i n g  g l y c a n s  a n d  g l y c o s y l a t i o n
cou ld  speed up  works  such as  the  syn thes is  o f  g lycan-
h u m a n i z e d  p r o t e i n s  o r  t h e  p r o d u c t i o n  o f  n o n - g l y c a -
ted  a l le rgens  su i tab le  fo r  d iagnos t ic  o r  therapeut ic
purposes  (29 ,  194,  195) .

F ina l l y ,  g lyco-ep i topes  open up  o ther  exc i t ing  areas  o f
resea rch:
.  because carbohydrate epi topes can cross-react out-

s ide  the  boundar ies  o f  p ro te in  fami l ies ,  they  cou ld
behave as  "panep i topes"  and,  as  such,  cou ld  be  a
power fu l  means o f  expand ing  the  sens i t i za t ion
s p e c t r u m  i n  a n  i n d i v i d u a l  ( 1 9 6 ) ;

.  a re  some sub jec ts  genet ica l l y  p red isposed to  deve-
lop  an  lgE response towards  CCD (197)  Such "CCD
phenotype"  cou ld  represent  a  r i sk  to  become po ly -
sens i t i zed  (31) ,  a  r i sk  wh ich  wou ld  be  impor tan t  to
screen as  ear ly  as  poss ib le  in  in fancy .
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