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f f i "  l l e rgen-spec i f i c  immunotherapy  (S lT)  i s  one o f
a few ef f ic ient  t reatments and the only curat i -

wtw4.
I  % ve  approach fo r  a l le rg ies  to  de f ined a l le rgens .
The mechan isms under ly ing  success fu l  immunothe-
rapy  are  assumed to  opera te  a t  the  leve l  o f  T  he lper
c e l l s ,  l e a d i n g  t o  a  m o d u l a t i o n  o f  t h e  i m m u n e  r e s p o n -
se  to  a l le rgens .  The d isadvantages  o f  i t s  c l in ica l  app l i -
ca t ion  are  the  r i sk  o f  anaphy lac t ic  and o ther  lgE-
mediated side ef fects and the di f f icul t ies in standardi-
za t ion  o f  the  a l le rgen ic  ex t rac ts .  Deve lopments  in
molecu la r  b io logy  shou ld  lead to  improvements  in
convent iona l  S IT  and a l low a  sa fer  and more  ta rge ted
form o f  t rea tment .  Poss ib le  op t ions  compr ise  the  use
of better standardized extracts and of  recombinant
a l le rgens .  Moreover ,  recombinant  mo lecu la r  techno-
logy  has  made i t  poss ib le  to  deve lop  nove l  fo rms o f
a l le rgen vacc ines .  In  th is  contex t ,  the  concept  o f  hypo-
a l le rgens  has  ga ined much a t ten t ion .  Hypoa l le rgens
are def ined substances with decreased lgE react iv i ty
and a l le rgen ic i ty  bu t  conserved immunogen ic i ty  ( t

ce l l  reac t iv i t y )  (Durham and T i l l  1998;  Frew 2003) .
Thus ,  cur ren t  approaches a t tempt  to  eng ineer  a l le r -
gens ,  a iming  a t  a  reduc t ion  o f  the i r  lgE b ind ing  ep i -
topes  wh i le  ma in ta in ing  the  T  ce l l  ac t i va t ing  capac i ty
(T cel l  epi topes) and the structural  mot ives necessary
fo r  lgG ant ibody  (b lock ing  an t ibod ies)  induc t ion .

ENGINEERING ALLERGENS

Ear l ie r  s tud ies  showed tha t  chemica l  mod i f i ca t ion  o f
a l le rgens  (e .9 .  po lye thy lene g lyco l ,  g lu ta ra ldehyde,
fo rmaldehyde,  e tc )  cou ld  be  used to  decrease a l le rge-
n ic i ty .  Some o f  these prepara t ions  (a l le rgo ids)  a re
cur ren t ly  ava i lab le  in  the  c l in ica l  p rac t ice .  Exper ience
wi th  these hypoa l le rgen ic  a l le rgo ids  encouraged the
idea o f  des ign ing  hypoa l le rgen ic  vacc ines  based on
synthet ic pept ides or recombinant proteins.  Present ly,
four  ma jor  g roups  o f  hypoa l le rgens  can be  d is t ingu i -
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shed:  syn the t ic  pept ides ,  chemica l l y  mod i f ied  a l le r -
gens ,  na tura l l y  occur r ing  hypoa l le rgens ,  and genet i -

ca l l y  eng ineered hypoa l le rgens .  We are  present ing

here  a  b r ie f  summary  on  eng ineer ing  o f  a l le rgens .
A l though chemica l  mod i f i ca t ions  have been most ly
used in  combina t ion  w i th  na tura l  a l le rgens ,  the  poss i -

b i l i t y  o f  chemica l l y  mod i fy ing  recombinant  a l le rgens
cou ld  be  an  in te res t ing  approach fo r  p roduc ing  hypo-
a l le rgens .  There fore ,  we inc luded a  shor t  overv iew on
approaches fo r  chemica l  mod i f i ca t ion  o f  a l le rgens .

f f ihernícaf i  rnndÉf ieat icm mf a8[*rg*n*

I  A l le rgo ids :  A l le rgo ids  are  chemica l l y  mod i f ied
a l ie rgens  or  a l le rgen ex t rac ts  d isp lay ing  s t rong ly
reduced lgE b ind ing  ac t iv i t y  bu t  re ta ined immunoge-
n ic i ty .  Common mod i f i ca t ions  are  carbamyla t ion  or
t rea tment  w i th  g lu ta ra ldehyde or  para formaldehyde.
These chemica l  mod i f i ca t ions  seem to  des t ruc t  some
B ce l l  ep i topes  o f  an  a l le rgen,  thus  h inder ing  an t igen
in te rna l i za t ion  v ia  Fce or  Fcg receptors .  B  ce l l s  can
in te rna l i ze  lgE-ant igen complexes  v ia  FceRl l ,  so  tha t
even B ce l l s  no t  spec i f i c  fo r  the  par t i cu la te  a l le rgen
can e f f i c ien t ly  take  up  and present  a l le rgen-der ived
pept ides  to  Th  ce l l s ,  lead ing  to  an  upregu la t ion  o f  the
a l le rg ic  response.  Consequent ly ,  the  des t ruc t ion  o f  B
ce l l  ep i topes  by  chemica l  mod i f i ca t ion  h inders  an t i -
gen presentat ion by B cel ls and prevents fur ther
ampl i f i ca t ion  o f  the  a l le rg ic  reac t ion  (Kah ler t ,  Grage-
G r i e b e n o w  e t  a l .  2 0 0 0 ) .  F u r t h e r m o r e ,  c h e m i c a l l y
mod i f ied  an t igen pre feren t ia l l y  e l i c i t s  induc t ion  o f
Thl- type cytokine synthesis patterns in v ivo (Yang,

Gien i  e t  a l .  1993) .  These observa t ions  suggest  tha t
a l le rgo ids  are  a  p romis ing  bas is  fo r  the  deve lopment
of  new vaccines for SlT,  but the undef ined propert ies

and the  subopt ima l  ba tch- to -ba tch  reproduc ib i l i t y  o f
the  a l le rgo id  p repara t ions  remain  to  be  op t im ized.

I Maleylation: Scavenger receptors (SRs) belong to the
fami ly of  pat tern recogni t ion receptors and bind to a
var iety of  polyanionic l igands. Internal izat ion of  pro-

teins through scavenger receptors resul ts in increased
immunogen ic i ty  w i th  a  dominant  Th1- type immune
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response. Many proteins can be targeted to SRs by che-
mical  modif icat ion wi th acet ic acid or maleic anhy-
dr ides ,  resu l t ing  in  an  inc rease o f  the i r  negat ive
charges. Furthermore, maleylat ion disrupts the B cel l
epi topes but not the T cel l  epi topes of  a protein,  making
th is  app l i ca t ion  idea l  fo r  a l le rgens  used in  spec i f i c
immunotherapy  (Abraham,  S ingh e t  a l .  19g5;  S ingh,
Bhat ia et  a l .  1998; Bhat ia,  Mukhopadhyay et  a l .20021.

I Allergen-immunostimulatory sequences Conjugates
(A lC) :  Synthe t ic  o l igodeoxynuc leo t ides  (ODNs)  tha t
conta in  unmethy la ted  CpG mot i fs  (hexamer ic  consen-
sus  sequence cons is t ing  o f  a  cent ra l  GpG d inuc leo t i -
de  f lanked by  two 5 'pur ines  and two 3 'pyr im id ines)
can dev ia te  a  normal  fh2  response to  a l le rgens
toward  a  non-a l le rg ic  Th1 response.  The induc t ion  o f
Th1-po la r ized  immune responses  resu l ts  f rom the
ab i l i t y  o f  CpG-ODNs to  induce ac t iva t ion  and secre-
t ion  o f  lL -12  and lL -18  by  macrophages and dendr i t i c
ce l l s .  Bo th  cy tok ines  t r igger  IFN-g  produc t ion  by  NK
and T  ce l l s  (Chu,  Targon i  e t  a l .  1997;  Roman,  Mar t in -
Orozco et  a l .  1997; Tighe, Takabayashi  et  a l .  2000;
Kr ieg  2002) .  Add i t iona l l y ,  CpG-ODNs induce the
m a t u r a t i o n  o f  i m m a t u r e  d e n d r i t i c  c e l l s ,  e n a b l i n g
them to  ac t iva te  an t igen- reac t ive  na jve  T  ce l l s
(Santel iz,  Van Nest et  a l .  2002lr .  Approaches l inking
pur i f ied  na tura l  Amb a  1 ,  the  major  a l le rgen f rom rag-
weed,  w i th  a  22-mer  ISS-ODN enhanced i t s  immuno-
gen ic i ty  and reduced i t s  a l le rgen ic i ty ,  charac ter ized
by  an  induc t ion  o f  a  Th1 response in  Amb a  1- lSS
t rea ted  mice ,  whereas  Amb a  1  a lone induced a  Th2
response.  Fur thermore ,  the  Amb a  1- lSS con jugate
was ef fect ive both in the prevent ion of  a Th2 react ion
and in  the  convers ion  o f  a  p reex is t ing  Amb a  1-spec i -
f i c  Th2 response towards  a  Th1 response (T ighe,
Takabayashi et al. 2000).

ff iecormb[n*mt produ*tfrsn of naturnfl[y
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Many al lergens show a considerable degree of  hetero-
genei ty in that  they are encoded by gene fami l ies and
natural ly occur as a complex mixture of  d i f ferent iso-
forms. Sequence polymorphisms have been descr ibed
for ragweed Amb a l ,hazel  Cor a 1,  b i rch Bet v 1,  group
I  and group 5  grass  a l le rgens ,  app le  Mal  d  1 ,  ce le ry  Ap i
g  1 ,  o l i ve  O le  e  1 ,  g roup 1  and group 2  dus t  mi te  a l le r -
gens, latex Hev b 7,  cow dander Bos d 2 and others.

Several  studies concentrated on the possibi l i ty  of  d is-
t inc t  a l le rgen ic i ty  bu t  s im i la r  T  ce l l  immunogen ic i ty  o f
d i f fe ren t  i soa l le rgens .  In  a  c lass ica l  example ,  Bet  v  1
iso forms were  d iv ided in to  th ree  groups :  i so fo rms
wi th  h igh  lgE-b ind ing  proper t ies  ( i so fo rms a ,  e ,  and j ) ,
in te rmed ia te  lgE-b ind ing  ac t iv i t y  ( i so fo rms b ,  c ,  and
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f ) ,  and loWno lgE-b ind ing  ac t iv i t y  ( i so fo rms d ,  g ,  and
l) .  Interest ingly,  the T cel l  act ivat ing potency of  the
iso forms tes ted  d id  no t  cor re la te  w i th  the i r  lgE-b in -
d ing  capac i ty .  Such na tura l l y  occur r ing  hypoa l le rgens
wi th  h igh  immunogen ic i ty  wou ld  be  idea l  cand ida tes
for SIT (Ferreira,  Hir thenlehner et  a l .  1997\.

&ene*icatEy engimeened hypaaf lersens

G e n e t i c  e n g i n e e r i n g  m a n i p u l a t e s  a l l e r g e n  g e n e s  i n
order to produce modif ied proteins wi th al tered pro-
per t ies ,  a iming  a t  the  genera t ion  o f  hypoa l le rgens
wi th  low a l le rgen ic i ty  bu t  conserved immunogen ic i ty .
S i te -d i rec ted  mutagenes is ,  gene de le t ion ,  gene f rag-
m e n t a t i o n ,  o l i g o m e r i z a t i o n ,  a n d  t h e  c r e a t i o n  o f
hybr ids  and ch imeras  are  common techn iques  used.

I  Si te-directed mutants:  l f  the epi topes of  a an
a l l e r g e n  i n v o l v e d  i n  l g E - b i n d i n g  a r e  k n o w n ,  i t s
s e q u e n c e  c a n  b e  s p e c i f i c a l l y  a l t e r e d  b y  s i t e - d i r e c -
t e d  m u t a g e n e s i s ,  t h u s  m o d i f y i n g  o r  d i s r u p t i n g  t h e
c r u c i a l  a m i n o  a c i d s  o r  m o t i f s  r e c o g n i z e d  b y  s p e c i -
f i c  a n t i b o d i e s .  M a n y  a l t e r a t i o n s  t a r g e t  e l e m e n t s
c r u c i a l  f o r  m a i n t a i n i n g  t h e  t h r e e  d i m e n s i o n a l  s t r u c -
t u r e  o f  t h e  p r o t e i n  s u c h  a s  d i s u l f i d e  b o n d s  o r  c a l -
c i u m  b i n d i n g  d o m a i n s .

Based on  a  computer  a lgor i thm used to  p red ic t  func-
t iona l  res idues  in  p ro te ins ,  s ix  amino ac id  res idues  o f
the  h igh  lgE b ind ing  iso form Bet  v  1a  were  rep laced
by those present  in  the  same pos i t ions  o f  low lgE b in -
d ing  iso forms o f  Bet  v  1  and some c lose ly  re la ted  t ree
po l len  a l le rgens .  Th is  mo lecu le  d isp layed s ign i f i can t -
l y  reduced lgE b ind ing  bu t  normal  T  ce l l  ac t i va t ion
compared to  Bet  v  1a  (Fer re i ra ,  H i r ten lehner  e t  a l .
1996;  Fer re i ra ,  Ebner  e t  a l .  1998) .

As  ca lc ium-b ind ing  pro te ins  a re  known to  change
the i r  con format ions  in  the  presence or  absence o f
Ca2* ,  o ther  s tud ies  presumed tha t  muta t ing  the  EF-
h a n d  d o m a i n s  o f  c a l c i u m  b i n d i n g  a l l e r g e n s  w o u l d
lead to  conformat iona l  changes in  d iscont inuous  lgE
ep i topes .  Indeed,  muta t ions  in  the  EF-hand domains
of  the  two ca lc ium-b ind ing  a l le rgens  Bet  v  4  and Bra
r  1  caused a  dramat ic  decrease in  the i r  lgE-b ind ing
act iv i ty (Engel ,  Richter et  a l .  1997; Okada, Swoboda et
a/ .  1998).  Studies on the T cel l  act ivat ing capaci ty of
these mutants st i l l  have to be performed.

Other  approaches ta rge t ing  the  d isu l f ide  bonds o f
P a r  j  1 ,  t h e  m a j o r  a l l e r g e n  f r o m  p e l l i t o r y ,  a n d  o f  D e r
p  2  r e s u l t e d  i n  m o l e c u l e s  o f  a l t e r e d  t h r e e  d i m e n s i o -
na l  s t ruc tu re  w i th  a  g rea t ly  reduced lgE-b ind ing
c a p a c i t y  ( S m i t h  a n d  C h a p m a n  1 9 9 6 ;  B o n u r a ,
Amoroso e t  a | .2001\ .
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The use o f  such fu l l - leng th  recombinant  p ro te ins  w i th
reduced lgE an t ibody  b ind ing  is  a  p romis ing  too l  fo r
the development of  safer and more ef fect ive vaccines
for  spec i f i c  immunotherapy .  A  po ten t ia l  d isadvantage
of  these molecu les  migh t  be  the  so lub i l i t y  because
denatured  or  un fo lded pro te ins  can po ten t ia l l y  fo rm
aggregates.

I  Delet ion mutants:  Knowledge of  the T- and B cel l
ep i topes  o f  an  a l le rgen a l lows the  spec i f i c  de le t ion  o f
DNA segments  encod ing  ep i topes  invo lved in  lgE b in -
d ing  wh i le  p reserv ing  T  ce l l  ep i topes .  Th is  approach
was success fu l l y  used fo r  Ph l  p  5b ,  a  t imothy  grass
po l len  a l le rgen,  fo r  the  Amer ican cockroach a l le rgen
Per  a  1 ,  and fo r  ryegrass  Lo l  p  1 .  De le t ion  mutants  o f
Ph l  p  5b  showed reduced lgE-b ind ing  proper t ies ,  no
h is tamine- re leas ing  ac t iv i t y ,  and reduced sk in  reac t i -
v i t y .  No s ign i f i can t  impa i rment  o f  T  ce l l  reac t iv i t y  was
observed (Tambor in i ,  Facc in i  e t  a l .  1997:  Schramm,
Kahlert  et  a l .  1999; Wu, Lee et  a| .20021.

I  F ragments :  Whi le  T  ce l l s  recogn ize  shor t  l inear  ep i -
topes  c rea ted  by  an t igen process ing  and presenta-
t ion ,  B  ce l l  ep i topes  can be  e i ther  fo rmed by  a  l inear
s t re tch  o f  amino ac ids  (cont inuous  ep i topes)  o r  by
separa ted  sequence e lements  b rought  together  in  the
three  d imens iona l  s t ruc tu re  o f  the  fo lded molecu le
(d iscont inuous  ep i topes) .  Even the  recogn i t ion  o f
cont inuous  ep i topes  migh t  be  conformat ion-depen-
dend and occur  on ly  in  the  contex t  o f  the  cor rec t ly  fo l -
ded a l le rgen.  l f  the  th ree-d imens iona l  s t ruc tu re  o f  an
a l le rgen is  d is rup ted  by  f ragmenta t ion ,  con format ion-
dependend ep i topes  are  abo l i shed,  reduc ing  the  ana-
phy lac t ic  po ten t ia l  o f  the  a l le rgen

Vrtala et  a l .  produced two recombinant Bet v 1 f rag-
m e n t s  c o m p r i s i n g  a m i n o  a c i d s  1 - 7 4  a n d  7 5 - 1 6 0 .
These f ragments  los t  the i r  lgE b ind ing  capac i ty  and
showed reduced a l le rgen ic  ac t iv i t y ,  p robab ly  due to  a
loss  o f  the i r  na t ive  conformat ion .  Both  f ragments
were  ab le  to  s t imu la te  T  ce l l s  and induced the  secre-
t ion  o f  b lock ing  lgG ant ibod ies  in  mice  and rabb i ts
(van Hage-Hamsten,  Kronqv is t  e t  a l .  1999;  Vr ta la ,
Akd is  e t  a | .2000) .

Fragmenta t ion  o f  the  major  house dus t  mi te  a l le rgen
Der f  2,  of  b i rch pol len Bet v 4,  of  Aln g 4 f rom elder,
and o f  ryegrass  Lo l  p  1  resu l ted  in  decreased lgE b in -
d ing  ac t iv i t ies .  S tud ies  on  the  T  ce l l  ac t i va t ing  po ten-
t ia l  and immunogen ic i ty  o f  these molecu les  s t i l l  have
to be performed (Tamborini ,  Faccini  et  a l .  1997;
Twardosz, Hayek et al. 1997; Hayek, Vangelista et al.
1998;  Taka i ,  Mor i  e t  a / .  1999) .

I  Ol igomers:  Ol  igomerizat ion
eng ineer  a  der iva t ive  o f  a
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i s  another  approach to
r e c o m b i n a n t  a l l e r g e n .

D imers  and t r imers  o f  Bet  v  1 ,  the  major  a l le rgen f rom
bi rch  po l len ,  were  recombinant ly  p roduced and ana-
lyzed in terms of  structure,  a l lergenic act iv i ty,  and T-
and B ce l l  ac t i va t ing  capac i ty .  The t r imer  exh ib i ted
reduced a l le rgen ic  ac t iv i t y  and was ab le  to  induce Th 1
cy tok ine  re lease,  even though i t  con ta ined the  same
B-  and T  ce l l  ep i topes  as  the  w i ld - type  a l le rgen.  Th is
is  most  l i ke ly  caused by  an  impa i red  ab i l i t y  to  c ross-
l i n k  F c e R l - b o u n d  l g E  o r  b y  a  d e c r e a s e d  l g E - b i n d i n g
aff in i ty of  the t r imer.  Furthermore, i t  induced the for-
mat ion  o f  b lock ing  lgG-ant ibod ies  when in jec ted  in
mice  and rabb i ts  (Vr ta la ,  H i r ten lehner  e f  a | .2001) .

I  chimeras
> Hybrids of allergens and homologues; King et al.
repor ted  an  approach to  genet ica l l y  mod i fy  a l le rgens
by  produc ing  hybr ids  cons is t ing  o f  a  smal l  por t ion  o f
the  a l le rgen o f  in te res t  and a  la rge  por t ion  o f  a  homo-
logous but weakly cross-react ing host protein.  The
homologous host protein serves as a scaffold to sus-
ta in  the  na t ive  s t ruc tu re  o f  the  gues t  a l le rgen,  thus
main ta in ing  d iscont inuous  B ce l l  ep i topes ,  bu t  a t  a
reduced dens i ty .  The homologous a l le rgens  Ves v  5
f rom ye l low jacke t  and Po l  a  5  f rom paper  wasp show
59% sequence ident i t y .  A  hybr id  o f  bo th  a l le rgens
wi th  Ves  v  5  as  the  gues t  a l le rgen and Po l  a  5  as  the
hos t  a l le rgen showed a  s t r i k ing  reduc t ion  in  a l le rge-
n ic i ty ,  as  de termined by  basoph i l  h is tamine re lease
assays  (K ing ,  J im e f  a1 .20011.
> DNA shuff l ing;  DNA shuff l ing is a powerful  tool
fo r  d i rec ted  evo lu t ion .  l t  genera tes  d ivers i ty  by
r e c o m b i n a t i o n ,  c o m b i n i n g  u s e f u l  m u t a t i o n s / v a r i a -
t i o n s  f r o m  i n d i v i d u a l  g e n e s .  T h e  D N A  s h u f f l i n g
t e c h n i q u e  c o m p r i s e s  t h e  r a n d o m  f r a g m e n t a t i o n  o f  a
poo l  o f  re la ted  genes,  fo l lowed by  a  random reas-
s e m b l y  o f  t h e  f r a g m e n t s  a n d  a n  a m p l i f i c a t i o n  s t e p .
R e c o m b i n a t i o n  p r o c e s s e s  c a n  t a k e  p l a c e  i n  a r e a s  o f
s e q u e n c e  h o m o l o g y  d u r i n g  t h e  s h u f f l i n g  p r o c e s s ,
c r e a t i n g  n e w  g e n e s  t h a t  c a n  b e  h i g h l y  c h i m e r i c  i n
s t ruc tu re .  The pro te ins  encoded by  these new genes

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

t i a l  ( r e d u c e d  a n a p h y l a x i s ,  c o n s e r v e d  T  c e l l  a c t i v a -
t i n g  c a p a c i t y ,  i m p r o v e d  i m m u n o g e n i c i t y ) .  T h i s
approach bypasses  the  need o f  a  p r io r  charac ter iza-
t i o n  o f  s t r u c t u r a l  o r  f u n c t i o n a l  c h a r a c t e r i s t i c s  ( B -

a n d  T  c e l l  e p i t o p e s ,  t h r e e - d i m e n s i o n a l  s t r u c t u r e )  o f
t h e  a l l e r g e n s  o f  i n t e r e s t  ( S t e m m e r  1 9 9 4 ;  C r a m e r i ,
R a i l l a r d  e r  a / .  1 9 9 8 ) .

Another  p romis ing  approach no t  d iscussed here  is
the  deve lopment  o f  DNA-vacc ines  encod ing  eng inee-
r e d  a l l e r g e n  g e n e s .  T h e  c o m b i n a t i o n  o f  g e n e t i c
immuniza t ion  w i th  the  hypoa l le rgen concept  i s  an
attract ive al ternat ive for  the development of  novel
vacc ines  fo r  the  t rea tment  o f  t ype  1  a l le rg ies  (Le i tner

a n d  T h a l h a m e r  2 0 0 3 ) .
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coilcrustoNs
Although SIT is an ef fect ive t reatment of  type 1 al ler-
g ies ,  i t  s t i l l  imp l ies  a  cer ta in  r i sk  o f  anaphy lac t ic  and
other  lgE-med ia ted  s ide  e f fec ts .  Fu ture  d i rec t ions  in
spec i f i c  immunotherapy  must  address  these shor tco-
mings .  The use o f  recombinant  eng ineered (hypo- )
a l le rgens  is  an  a t t rac t i ve  s t ra tegy  fo r  improv ing  vacc i -
ne safety and permit t ing a more targeted form of
t reatment (Frew 2003).
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