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:fype I allergy. a hypersensitivtty disease aflecùng
almosi Lo.oi} of the population worldwHe, is based on
the lgE recognitlon of olherurise harnrless antigerrs
{i. e.. allergens}, Allergen-tn<tuced crossllnk of effec-
torcell-bound lgE antibodles l€ods to lh€ rel€ss€ of
biological rnediators and lhue to immsrJiato dtsees€
symptoms {allcrgic rhinitla, conjuncÙvitis 8nd ssth-
maì, Specific immunotherapy, ths only causativ€
tr€atment ol1ype I allerg;v. ie bssed on the adminielra-
tion ol increasing doses of allergent to alhtgic pa-
tients in order to yield allergen-spccific non-rc$pon-
slvèness. Major dieadvantagès ere 1. that currcnt
lorrns of allergen immunotherapy are prlormed with
allergens difficult to stancJardire which cannot bo
match€d ro th€ patients reactivity profile and 2. that
the admlnistration cf active allorgen proparations can
cause anaphylaclic side effects, Through the applica-
tlon ot molecular biological techniques rnany relevant
onylronrn€ntal allergens have bcen produced as ac-
tlye r€combinant protcirc which allow componeni-re-
solved allergy dlagnosis and thus represent the basis
for patlent-tailored forms of immunotharapy. Here we
review molecular atrategles whlch have b€en rècently
applied to g€nerete genetlcally engin€ered and syn-
thetic hypoallergenic allergen derlvstives for paflènt-
tailor€d and safe vaccination agatnst lvpe I altergy.
Key w':rds: G€n€tic engineering / lmmunothsrapy i
Recombinanr artergen i SyntheUc peptide i Type taliergy /
Vacc.nat o.r.

Introduction

Type I aliergy repr€ssnîs a gènetically determined hyper-
eengitivrry dissas€ vihich affects about 209ó ol the world
populalior: iKay, 1997) The oathoph.ysiotogicat hatlmark
cl Type i allei'qy is the production o{ inmunoglobulin E
ilEEl ar:tibodies agarnst ott-ren /is€ hennlcas anîiqÈns
l3if ergerr;:; ; le.l; ze.l. a ei at,, 1 gti| ; . iol,lns;cn and E ennìclì.
l9fj7ì lljE irDrts.ltr'iS iit: i:"rsi Arr,.lrrLlí1.rl .;rÉlìs (d ;:ìl-
f f 'J { ì i . l l i ' . f . , r  r1 ' , i  : ) i i : ) : l ' t  r r r  ;p7: ,11;1 à l ì { j  . - , ' : ' r ' : : r  f r : ; i . j ,  1 ! , . t  í l l

í : a i r f : .  i i - - ì : , ; L : , . 1 , r , . : r . . ' r 1 . ; l j ; a í i , è i , ì : i ( , r . : . . , i . - [ ì l r . ' ; r r : ì . ] : , i ; . : î i

: r ' i ì r í . . 1 . , - . r t . . . . ,  i , . r . , :  j - l  l i , , ; . i , , l i l : ' , , 1 , ' 1 , -  1  , ; ,  i  r , .  , - r ;  ; 1 ,  : : l  i .  i r . , .

i i :s t f r - rZ: ,  - : r  t tar  Ì  j .  i ' , .d j - ' ' ì ì . r i - r : ' - i :  : ' l ' : . " ; \  , , Ì t r  : l r . i r  1 , .  i l ' . r :

Sf.fr.r'cj..1.^g- a r,-.:::.l jfrii :rf F.: :É,-t',:t.rrr:i l JÍ ..,rrr1rf,i. i lrr:;
,ril ir-,-ì le.lcs ;a, ',i-!rj fJ,c.ri; cf c;cii ' l,Jicerl íîedid.lorì 13. \, .

histarì1ine, iei-;1.:or.i-ieTesi Ír'_rnì etf€rjtor r.€ll:ì i na$t ,teltíj.

irasopnt:s; iRavet':h and Krnet, 1191 ieava;r e|-ld h,13'ff-

!èr, 1993;. 
'f:t: 

chr':;;ri: diseasè rnanifestaÌion: (i3iÉ phasú

reaùTF:rns ir Asthflla an(j ' j iop:t alÈrf:"ìJÌ jiìSì resr.rlt ftc'l.n il i:

rjc tivàlrcrr í\i ti l"-;rJer- -spec.iiir: -i cr:,ils, a er ocess rvhicli rc-
po.rtg'llv j; r:..irea;ecl !,, '1.3n allsrq€ns ere.l;lkEr. u;' b; i:rtr.
g€n crès€rrtrnE c€llS (rracroFhages, monocytes. dendrilic

cellsi via igE rBreber, i 99e; Stingl and ìy1au'er, 1397j.

f)rar;:r9-er5. qf lypa l.alleEy is periormed vta detec:;ùî of

all*.gerr-s1-xrr.,írc il lÈ arìtÌf,cdies rn ierurn ly'y'id* úi j/.,
'1 

967: EnksL-r,r rytd .4trlsreclt. 1 97 7). îhè r.l inical relevtnoe

c'í lhe lrresau* rf elleroe'r-specr'ic. IOE jn se,urrr cari be

corrfircrad t'y frrylvoc.aîion lesting, wh,,th n:easures the

iltntaciate G'ìil ,.?iÈ frrrars€ r'Lìaa',i{)n:, Edh.',i.J b, e:tg.;si,rq

iîe patr€,nt to el;€rgerrs le. g,, skirr. skin pflck-. iÍìtradermal

tastiDl: t1t.rsr;s. rraSal-. i)r,)rìahial Dtofr-rcation : .'y'Ès. crln-
ji:riciival crovcìc:licn: gastrciìltestinal iract: iocd chat.

lenge) (Fuchs. 1979). The cinlv causati.rs {orir of allergy

t:eatinent. :. e.. alle:gBn-sp€ciirc immunot.hgrapy, t€pie-

senÌs îhe :raotrce ol adrrrrlistarirrE iricreasirrg aliergen

doses îf, the patrent In order to induce spscif c unrespcn-

siveness and fras been fìrst d€scribeO in 19'1 1 (tloon 191 1 :
Bouscuel ef a/., 1?98; Drrrl-am and Till, : 993). Wlrìle ;ev-

eral stJdies Ì;ave shorln îhst allergaî-specific inìn-r.tno-

thera.y is clinically ef,ective. the underlyir.g intnrur,oiogr.

ca mechanisms are not fullv understocro fDurhanl end filr.

I  J Y O J .

What Can We Learn from Current Fofms
of Allergen lmmunotherapy?

The ciassila e).oerinent by Ccc*le a:rci .;olleargr-r*s slrovl-
i:r(: i'r:it tiiitsft,siir, ol cicar,l fl':rn a':rowsed arl€rc'! p3-
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trgn: whù h Fd s lcî€3S;rl y rÉce vr, ,rl.nrr rr.ctf.èrf,F\,/ aúc t-
rsiìed SympìJms in anri-rer ragweed ailerg c recipient,
Droì.,:rJed Ìhe iirst eviclsnce thai btock, ng ariibod,És nìight
Oe tnvolved in protection aiì&nst Type I ailergi_ {Ccoke
et ai.. -l935). These blocking antibcdies vrere then ctass -
r,sd as arlergen-Specrfrc- lgG anr i:cd,es wl- jcF b€longBcj
marnly  to  fhe fgc{  6nd lgc l  sr rbc iasses iLoveress,  

.g40,
"1943;  Lchrenstern et  5 / . ,  . , lg68;  

At jk ,nson et  et . .  i9Z9;
S o b o t k a  e t a l . ,  1 9 2 6 ;  G l e c h  e f  a i .  l g g l ;  A a , b a r s e  e î  a t  .
19&?), Othe, investigaîors rsportec a reduction of rrr6d,a_
tor concentrations (Crsticosota/., .l gg5), decreasGd nurr-
bers of mast c€lls and eosrnoplrils ,n targe: tjssues of
atcpy (Rak et  3/ . .  1g8B;  Olsuka ef  a/ . ,  j9g1;  - runn 

et  a l . ,'1991i  
and the gsnera i ;on of  suppresscr  ce{ lg  qJur l l iq  i rn-

mJroî le fapy (Rcckl , : r  er  a i . .  t  gaùt .  Tt ,e  a ra |vsrs of  
-ar te^

gen-speci f ,c  OD4-poei t ive T cel ls  i r r  tne c( ,ur3€ o i  rn_
munornefapy inoic.at6s à,edúction of thes. cÈlls toqeilìer
lv i Ìn  o d€r : ,ease in  therr  lL-J  pro l i r i . : t ior  tsecnst  Lr  ar .
i 9 9 1 i ì  , . j u t È l  e l a j . .  1 . t r 9 5 ;  D u r h a m e t e t  i ? : t 6 :  E b r . a r e r a , . .
1ùì97:  O'Er .ù{ i  e !  a ì . .139î t .  F.a:en. i  S iJ Ícs L. ls ; r re É, l r r f iec
ritonì OirìarìI al';r.1ef .S ai-lr,j B c9i | .?pttcpes atÌ:f-iî.f.qtrztè
ihai  SpeCrf i r -  i l . r ì l ' ìu t rc , i  ì , l rap! .  may r t i , . : ( ,aé a ,J€ ,OuCr r rn_
r i ' ì , rn€ r 'aJpl , f  rS9 tO t le  aCr i t in j : t : . rcC ; t ìe ! . : ì t  i  , ,v i t r t : : t  , . t r r
L'e drrectÈO to lgE eprV:pes and vr'i l l then rornpete wi:h ine
è l Ì S i i r l Q  l g E  r e ' : O O n S e ; l - ì 3 l l  r l f  2 ;  ; g 9 g A ) . r r r r ; r i S  a o r r : è r t ; i
15 Ol ìrL1te tl.rat 59,7€ra1 ot:lfir strdi+:S ìjr.l[,COr1 trre trlaa tnai
succÈSS:ui irnmunCtirerap\i rèquia6s fl,;É 3cirl nrStrîtirjn C,:
high alle,r3Ér dcses to Ìfìouce a preîererìiral l-1.: 1 ,rnr-nr:r;e
rÉsfi(rìSè v.,hici rs accùrrí-rarlred Lr!. thF producti(,r úf'b f  

cc k i : ig  loG lat , r ,cCies (KorDe l i  e l  .  1  9!  i ,  : : . :c  r .  sr  er : i . .
1995) .  There i3  a iea qag6 q,7111.1661, . : ;  f l :a ;  r r . r - r . ì : iv ( i ; i :e . ,
(ì6rì5 'thiCn dre itirt rer:o3r,i:+Ci b,, ,,.18 ar t b-C,esj arF
pro':.es"Se,i r.L a ;îé',/ tf,ar pr6:er6niiellV Thl tvce c,;"t,Kilì6s
ùe sea r àìc/j,rf, i i,h give: ris(' tr:r F.l lÉi.J €n -S!-ec rfi,._ hlc ; ri-r _
i ; . r r - t to ' r  i ' rsng sra l  ' r .9 .1_t  grc i ig  : l : i  lg jp ;  r .  s t i r ,n- i - , r . ;
; -  o1. ;J- . :ar : .  t ; ì i l  a i terúe. ì ,5 i : r ,  i r r : :  t t - : f  . t , r ,  r { j ì r r3r ,1 iJ , .  L ; r :  !  a ' : :_
, . , r - [ : ì j t - ì r :  . l r i : . t n ; : l t r  f . . , ; . . , i . - 1 y - . _ -  . ) , l t  : i , t ,  r _ .  f  , . , .  L r - , ! r . r  ì
. 1 , .  . , , r j  : , ;  1 1 , , : . : . . . . ' f  : _ - . : i , r ì i , ì r . : r : i ; , - . :  i  I  a t . j . ì n : . : , , - , , . , . ! r . - , , i
. :  : i . i  r i i :  . i j ; .  , . t 3 ! t . , ,  . : r :  : , 1 .  ,  i . ì _ , :  r . . ì , ì , : .  - : i . . : : ,  . È . 1
:i r r ::,. : l r,-i 1: !, 1ì-_ .-:!.-_,:-:, .:l- t .,.

Oísadvantages of Currenf Forms
of lmrnunotherapy

The :na1or 3isacjvanÌage o: airergen,specjriic inrrnunother-
apv s€éms to bÈ relatéd to the use of natural aligrgsn
exiracts whicf.t ùonsist of difticuir to standaru,ze nìi.x.!utes
crÌ allergenic ano non-allergeîic .noieti6s. Theracy vrith
gtiergen extr€cts thus can,rot be F,€rtorm6d accofdiîq to
the patienîs reactiviry profire f,/alen-a ef ai. . 1 ggg). tt .s o;s-
sible that certarn altergens are not pj.es€,ìt in tne aclmints_
tered s{traùt or that patients car bacoms sensitis_ed to
new componEnts rn thg s6rl.aa Of tr6aimert (van Ree €te/. .
1 997: Bali ef ai., 1 ggga). AnolhÈr disadvantage of extract-
bas€d therapy results from the tact that the admrnistration
oî bir-rrggi63;1y acrrr'e arlerg€î preparations ;an induce
anapnyfacttc srde efiects. Tne lstier prob.lern cart ba rs_

duced by ad;o,b,ng inÈ à;lÉrgerr exÌract iù d,t  ac] lLr\rar.ì t
whrch prevents sys.iemic reiease of alle:E€ns aÍsr rnJec-
'-ron and lry cnemical denatui.a.rron ct th6 gllrsql yierding
denatureo allergens \i/ith reduced IgE binding capactty
arrd lo!,r'er anaphylactic activity (e. g., allergords) ltvars,l
et at. ,  19A1; Nonnan et ai. ,  jgg2: l ler iney ar 3/. ,  l9g6;
Bousquetetai.. 1g9C; Lcckey and Bukantz, 1 g9B).

Recomblnant Allergon-Based
Component- Resotved AIergy Diagnosf s:
Selection of Crossreactlve Marker A[ergens
for lmmunotherapy

The application of molecular biotogical techrrrcues rr, the
field of allergeri characterizatron has aifoweo to iso ate the
cDNAs coqing for many of ih6 rglovani environrnenur
0t101966r 

"n 

' 
uilowed the pro<juctiof ì cf rg€cr rrbinantailer_

gerìs (ValÉrta and l.írait. 19.9S). Us;ng reconìb;n3nt aller_
ge;rs ;1 has become poss,tlle to detennir,e Ìhe jnrj,vrct.jat
;rattèttts reacîivif,/ profil€ Èr'iilsr by n vitra JÍ;g:rostia rr,e, r -
ods íi.e.. d€terîiorì ot altergen-specific igE antrboclies
riì 3e:Ufìr! lVaienta el al., ..1 gg1 : Vaienta et al., t J?2; ttt b r_
Ír vr'r,,o testìng ii. e., skin iesting) (tvlenz et ar.. rv96: par.,ti
t{ al., 19961. Recamhirla,ìt a,leígcn base,J ,lr:jrr,[,cnanr-
.eîolyed diagnosis r.'.,crLrlci allow to trle3tih, p:.<)lseì.1 thu
disaase-eliqtinq molecul€s vvhei.eas pevious eríait-
basèd diagnosis et best ajlcwÈd to define flrs 3l:;1gap_
c c,:rtai:rin!! sor"rrce r.y'atenîa sr ai.. .l9gg3, ì 9gg). Th€ coEsl
Lriiiiv to iden:;fy the cOtponer-ts against ,af ,;.[ 2 p,4;rer1f 1s
a.e'tsrt;:Èd,,.yor..i il ha'.rE ir t1i? cùrrs!,queFa gù^ lor I rlifìt ;rre,
tt'erapy ii iircr€ u-,as a 3fea1 ìiariè:y oÍ .n,irr rn6l6gis:3 l), di_
verse àile€eng and ,f patients r,vrrr13 chaDOe their reactrv-
rt)r p -oaìle Írr the naiural coursÉ of thorr dÍsa?9È. Hov,rcver,
:l:e anai!seg oÍ the !l'lA ar.j deducgtl ic.J.rarrces of are-
.JÈ1i h;13 ,evezlerJ unexpectèd si,r:c:!,r:ìt sirnilerrties c,i
| :r:ìrìv retÈ'1if,t àf lerg_-ns rvaii_:r-rÌa ei ìt . -i;g€,) A.., a const
r . 'ue; r :  Ì  Oi  i . l  'É $t , l rc :Jra i  S i  l i t l ,Ar i i ;ÉJS i t  . tJ  , t r .OSî ièa,- - t :V i l t4 : .  ;
l,,rit 'qti Orli i lrut e fi,:,t f.?(:ùn.ìirirl.ltìi 3l:tt,JerìS C;l^r Ícr.ìÈ-rnbti:j
1r '1 7;1in.i.1,1 i l,Jf rF,:toi-1És ùÍ e,,rr: (ju;ìiL.ier a.,letlr.:.j ey.
f raci.': rfriar,lerb erEer el à í., I g.iga. u; ln rrnur,oloqicai cctr.r,
p€titror e;i[eflments Show€r, ttra: a tew oollen alier_ce,rs
cortain€d nìost cl ihe lgE eprtop..s ;Jresetìt rn na.iurel
pollen e;(tracts of a variety of plarrt species. floreovÉf. ihe
monitoring of igE ar,tibo,Jy reactivity profiies in ailergic pa-
tl€rrts ssra that wefe collectd in the course of the nafural
drsease indicated ihat lvhile there is variatrorì rn the aller.
gen-specific antibcrdy lsvets depending on naturat aher_
gan exposure, the profile qf recognized conìponents re-
mains stabi€ (Balt etai., l gggb)

Based on the rìotiorrs above it appears pgs-sible to
oevelop ncvel component-basal vaccinatroo shatèrJies
agair,st fype I allergy wnich are taiJored to the patients
sensltrzation profile (Vaienta et a/. l99ga). Using recom-
binant allerger,-based component-reùolverj ciiagnosis
ICRD) rhe diseass-elicitlng allergens can be seiec.ted and
Jseo for crlrîponent-resolved immunoiherapy (CRlf
fvalenta ef à1., 1g9g). Diagnosis sîould b€ perforrîed with
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recon-ìbri'ìant molecules .,vhich clos€iy mirnick the alle!.-

gsnjc activlty of their natural counterpans in order to.Ce-

t6ct lnost of the relevanl s€nsitivities. However, in order to

irrprove immunotherapy th€ allargenic actrvity of the allef-

g€ns has tc be reduced which will allovr to increase the

doee of administered allergeno \!ith a lorv risk of anapny-

Jactic side €fiects. Based on the detailgd rnorvtedge cf
gligrgen sitquerrces and structuj'es sev€ral strategiee are

currer:tly app;ied to convert allergens into hypoallergenic

oef rvalrveg.

Requlrements for the Gonversion ol Allorgens
into Hypoallergenlc Allergen Derivatives

The croesiinr.ing of eflectoi celi irr'ìast rell, be.sú'f,t-ìi iì-

:ou**l lgE lrn:if.;csres bv a.llergens !'eF,.e3eiÌT:ì ih€ kcy

a\r!r|Ì !Èa3-n!; lc tîe ler€ase .;f b,claJic;ri r-rìv(,,r11)i': .irìr'

l i  t r r j ,c  lh ,e i , .n : - r . : r : : r î te  t ' , .1- : , tc . l rS i ; i .1 t r : : i l r3r r ; ;  i I r i ; r . , r ;  1r

!'t :t de' :a iìrlitàt: as ari 3lie.q't an i,.-11 :l:r" ilìi,is;-, I -r:5,

1cre corri-ti,r ss.rèrE! b rì,1,'ig -ri1g5 i.: ' ieE :-."ril '.:,Jie.. li i i.
: l . r i lopest  rF.gr i re  1.  F,  Q.  F)  h ios i  - r l  i i rg  r4,s ; ; ' : i  r r ' ' .  i t iv , r ' '

rrrerrlal all:rger ìs rÉpre:)eat l3w,-Ìrclecu la' v,'?:qht t-rrcriaìrs
or gtycoOrotejnS. iî3 r1'ìuleaul3' ,ìnri 3truc1uf al analv.:ts ù:

aliergens ir,dicaies that'the lqE epìÌcp€s a'e alnlgsî erulu-

sìve l1,c f  p ; 'o ta in r :a ture.  igE epi tope:  are 0 is t inct  ider ì t ; t .es

rather îh3o repeais cf the ganrc brnding 3i1e anC ai e ih:re-
'ùre rÉ':ognized h,y lgE alrticottier, r,,,i ': lr i ifferert >pi.,uri,,. -

l ,es (Frgure 1 :  P J ,  Fr .  igE e1-r i to i :es can be 'epreser t ; - ,d  b,

a s t re ich of  a i l r ' r i . ;  ac ids i r r  a  rJrv  { i .  e . .  ! - ,cnt r i luous Ép:opel

lFigure 2: !) or na;' be i:cnrposec rry non-aciacent s e-

rirÈnÌs ol ihe al;ergen wh:ch ate brought togetner t"y fold-
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Fig. 1 Allerger-lnclc€d Croslinking of Effeclorr;ell-Pcu-,d 19E

Catne: l '4edratc: Reloase.
AllerEens contain s6vÈril lgE e citopes (F, Q. Ri wFich îy aross-
irkirg d FcsRl-bound lf,E erticodles 6ac to re,e.lsc cf rnedt'r-

'tÈ,s

FlaùamblEFl anC Synthet,c Alle'geF Derivatfvec as Aiiwg'/ Vacci.res 8i7

i ) i1 ; . - r ' ì t ì r ìùr .u. , t l . t - ì , iÈ: . - ' r \ r r i  l iJ ' r l r : i r r ! i ì ,1 i i ' ' i l i : ' lùr , t r . i r - ' ìa iu( . , , r : .

.l l iaí,f!:fr.lserr€rì1: ,,/î;.r.1 t:9 nrc(,gi t :,: 'gtl ì:r o!'lar.JJrlJ.

r - r . ;  o f  tha p i -o iern l r . : . .  d is t , l i t , , ì l i iL ls  ec, topet  tF ) r rc  2:

:- r: B - r: ., Í:ls íac 1 "ìai tl.,e nropsr aÈseiill l lv r:' ,Ji3co r-

;lituwLis ci.'rrilpa: Ja!.:t:Js on a :en:llt îo1l?(îa\'a,:^, ot

tru tno1s..r,ig !r39 j;r) ta, ìh€ stnon),'motrs d8g;L:rlalrùn

of :juc.h epriopeg as confcrrnatir-'nai eÍiitc'pas alÌh(,ugft

.r-3rraqniîroi. :1f a ciJiìtlr".ur)rls tpìiù:è nay deF,ancl as v,,éil

,ln rts corrfor|-rratior'ì. l iì urdÉiÎo I?olj,:e tfìe ailergar; r-, acliv-

tv oî an .rliereerl r'. lra-q tc Lì€ r:l^inggd tr such a way it a' it

.1.ìnnol crorsliri\ eilrc'rcrúeil-l)ounc tgE antibt'dies (Sil-tgh

al al , '9'39i. To reacrr tnis qoa' at lJast t!'/o slrai-1Jies catl

be apcliècl. l;rst, rt nray tÉ co'lsidered îcr Influence grclu-

î:v?l), rni.'J ai,l,\.i iv (r' .ì le'q"ir-tpír--,f ic T cells b7 a,Jnt:nis-

lrJticn ol pépîides qqrltaini:rg T cell :piiopes only (Rotfì-

oat,j. ',992, Rc)l,and aÍìc O'H€irir. -t99U)- 1 cell epitopes

rèpf€seF+ small f:ectides wh.ch resuit frorn:he cro1€olWic

djgest,oì'ì .Jf intact alle'gens by antigen presenting cerls.

T oell epìtcl-:es are in rnost cas6s d;stinclfrorn lgE epitopes

and ther;loÌ-e cannot cro3sliîk sff€.jtLìr c€ll-bound lgE-

Tnay can te oroduced as synth€lic p€ptrdes. Second,

hypoallBrgÈrlc allergen derivatrves or fragnì?nts may be

prDdurd lry recombinant DNA tsclìnology or peptide

syniheg's, The lat'ier molecules bear Î csli epitopes and

can induce lgc antibcvJiesthal cornpeie tvilh lgE recotni-

tion cf the nÈli,.,e allergen (Valenta et a,'.. 1 998b).

T cell Epitope-Containing PepUdes

l'he ittea of r-rsrng T cell epltopc-contaiîirìg pepl,des for

ir-ì'nunotl'€raty of 
'!ype 

1 alleq]y is lrasec on iire lact ihat

atlerger-r-sp€cìf c OD4- T cells can .i€c' el€ Èrther cytol'i ines

:e.  g  .T. . ' ; . . :+r l ;  lL- .1  tL-1 l )  . r ,h i ; t ;  iavor  c lAS; :  E. r " i t r : l r  iO iEE

see
a (D



'-rr ;,r'trJuce c!'t.,k:nes. (e. g. Th1 celis: -i-lFNl v.,,rr ch fa,..úr
lgG arrtibooy productron. Deoendirrg on trre ios€ anc
îtcde cìf administration it was :or-rncl that T cell eprtoge
peFtides car, induce prolrie.Rri,)n or anergy of T ceils r.;
vifro iRoiland arct O'Héhi,, 1ggg,t. peptides coîtainrng f
cell epitopes of the major cat alleeerì Feld .t anrl or bee
venom a[ergen phosptìolip6se A2 were therefore aomrn-
rslerecl to allergic patisnts. While there was some evidence
that phospholipase A2-d€rivsd pep:ides irduced T cetl
.vìergy in bee venom allergic palierrts (Múllor el ai. 1998i,
aciministration of cat ailsrgeî-derved peptices ,ailB(j
to Induce significani intmunological or clinieal Ètf€cts
(Simons et a/. , 1 996; Ncrinan ef ai.. 1996, I 9g4. li rarher
appearèo thst ln case of cortain patients. T ceil peptides
incluced Tcerl activation as indicated by t,le earty app€ar_
ance of î cell-dependent reactions. Several explainaticns
torthe low efficacy oÍTcelipeptide_based thérapy may b6
consiclereci: firsr. it n:ay be iillìcult îo administs,, tÌiè olttl_
nìal dclse trJ acL;6yg T r;9ll iolelance insteùd oi ariiv8hou.
Secr:rrd, grris;l T csll epttope peptt6es ,,.ril, l-rave a Shortralf-llle i'r the booy. Thrrd. ther.: is consideraf,le eviCer,,:re
tlrat lgi prrurJuctior: rn atop:c Índiviouals repres€nìS a
tller,r'or! irrrrn(rr,e r€s;ionse rT.,ch Li,les rr.Ji tÉ(.ltltrg ..€
,loyo class svvitchlng and Ìnrrs ccnnot bÈ conkclled by T
càll-Cerived cyrokirre.c (Romaqr::ni èa at.. .lgg0: Sterr:ber,
gè. et a!., t 995: Dolecek e, al. .i gg5). Th*apy forr ns,rrltic:
srà bRsee exclusivelv on the administratic,rt of T cetl esr-
ropes may therelore mLrclulatè the activit,,, cl ailergen_sp€ _
cifi(:r T celts but may have iit:le irìflilanr;9 ,3;.1 i;19 prcxJuctiln
c,f ;ìli.igen-Spe.ct+ic Igi ùr:t bcdrÉs by ;rlrea,Jv svr'i:3r,ed
rrÈrîOry B rc-Íls.

Recombinant Allergen Fragments Representrng
lgE-Binding Haptens

: . . Í , ' , - | : :  - , î , , j r : j r ; : :  
, j r : ,1,).  l t , .e\. t  i r t .(È l i i ._r lr  , : i  

.yèàtî,  
f i i ; . ,

. , . , ,  : -  : . j i ? . : : , , . : , ; . p  i  . _ _ {  i r . . . , , l r r ì j _ , j : t U : 1 _ , . i . 3 ; l " . , r q ; 1 r i ; , . , - i .

. : '  : ' ) : i : , : i l - ;  J i r i : . - : . t t ì , r - : . : 1 ,  . ' :  . - . r \ , \ ; , t t î , + t i , , r " i * , . y , : ; , ;  r , : f
i  , ' i . j  i , . :  i , 1 , i . ) ; , . . t  ,  r . : . , î  : : : i e . .  . . . _ .  

r . l . _ r ,  i ì :  í í l . a r l : r t t . i . , , 1 ,g ;1 , . 1_ ,

i  Ì l ." ,nìr '  1, '- l  gy ei . :r . .  j  . : t , ' ,1; r .harrah;jLÌ,  . : :  Ji . .  :  t ] ,9(t l .  T5e
ì eASCrr fr,r  this t ,-c: iqv:611- f  .  i11A: ai!èrEer) ir?.qnxj, l ts wl- j t f  ,
cí$ta;n tìs lgE binding siteforonlyonespectes cf lgF ú. e.,
lgE-b,nctirrg haf-rtens) are unable tc crcsslink BffÉcfor.ceil-
bour;o lgE antibodies. Low molecular !!,eight allergen
tragrj€nts obtain€d by proter>lyic digesùon wÈre suc-
cessfully Used Íor imrnunctherapy lcng ago (fvrallsy ea a/..
1kig; Litvrin 6f er., 19Bg) and the hapten pririciple was also
apphed for the treatment ùf pÈniciitin arìd dBxtran allergy
(DeWec! and Schneider, 197p; Richter ef a/., j 9g1 ; Hedin
ancl Richter. 1982;. There ir vras oentonstrattd thar mcno-
valent 5ienicillin-derived hapteng inhioiled allergic reac:-
t ions to penici l l in.

Whif6 the proteol,vsls of arrergen ez.tracts is difficult to
co,ìtrol aîd will yielo a difrictrlt to standardize mixrure c,f
fragrnents and enzymes. mol€ctilar brofogy has openeo
nev/ avenues for th€ procftrction of lgE_bindjng haptens.
By gene fragmenratisn it has becorne poss;biè to dissecr

l iS.! 
lqE-B'ndng haprcr,s Containing t!îe Binding Sifes fcr

One Species cf lgE.
litE- binciîq haîtèns cùn tjo r€pres6îtr;d by continlous (Dj ordis-
aontrrrrJous tA- E -ì _ C) eortupes.

the igE binorrrg srts.s of rîajcr alisrgens arrd to produce dè_
finad alle43en fragrnents :gE-brnding haptens rvere isotst_
eci ír.ii.he rraj)f Ì inoth)/ grags poll€.rr aliergen phl p 1 and
fcr birch Lìrcfrlrn, e righly arossrsactive plant altergen (Ball
e i  a /  .  1 .19.1:  F+eorcv ef  ;1 .  t .Jg7) .  Frgure 3 i l tustÀtes i l re
,JBnitilcaÌioiì oi lqE blncjing haf,tens. While c:ntrnur]l.s
ii;E-t;ir;c!rr:q i:apters iF,gure 3: Dt can be easiiy detir,ec i:y
lragrr,entat'cn ai ilr6 3.1619€,,,-encoding cDl\lA ar:d rub-
saqr;erì1 ra;prr ss.,],l r,l ;,re fri1.,{ fragrneats. discontinuoJs
lgE tirrclrrg l:efìrÈrr5 tFigu,e iì: A_E, B_C) nÉed to f,È
r.BDurit Dy Fìofe sophislrcated technologies ie. g.. n:rnto_
tcpe stratc'gres) (Lgi h,er 6t a/., 1 ggg; Jensen_Jsrollnl Èr dr..
1  9 9 8 ) .

A'l a fi, :t r;iarc e ,', .t,tt t, aftv.ear rJirtcult to ela,l tl l, reb.| iid
:ir. iqE f.'Ln'Ji'ri si'r6i,_,f a,tergerì3 but Oíì€ rìas ia r_ìonstoef
thai lcF bindinil haFrtens rray t'e useirl for active in:nru-
rt:aìión \.r'Ìî rÈcluc,ed risk of anapi.lviactic sicle gffectrs to
îr,'cus ig(-i arllrl_r.'t,res aEarrst lgE Épltor6s. lr4or+rver lgE-
t';nd r.g l',írirtenc cou d be used Ìor Fas.sjve rherapv tri
i,3lr.:rJtÈ rií9c::r !-8.ì i)l,.itC gE S,rit_t to allergeli ,lontiict
aî - :  ' l '1 i1(  t t '  i , l t r i f  . . : lÈ- . l r r  : ! ì { l i . lcÈ;  n,+J iA! : r :€ ,ea:e igÉi l
: Í - , . : 1 . , . i .

Hypoailerge:-ri,: Àilerlren isoîorms. Mutants
and Olagomers

The obs€r.,,aticn thar àllergens carr naturally occur as iso_
forms whietl ciffer in c,nly a few amino acids [e. g., rnagor
pollen a,iorg€ns frcm hazet. Cor a l, (Breiteneder et a/..
1 993i and bircn, Bet v I (SwÒboda ef a/. , 1 9g5)r or jn con-
fcrmations with low lgE bin,Jing capacity (e. g., apo-forms
of FF-hancl caicium-binding alfergens: Seibeder er ai..'1994; 

Tvrardosz er at. . ì 997; Engel et a/. , 1 g97; Suphíoglu
ef a/.. 1 997' Smith et a/.. I 996; Bugaiska_Scf,retrer er af..
1S8: Hayek er Ei.. 199Ai has stirnulated ideas that cy
n're.ins of gefletic Èngin@rirìg hypoallergenic allergan ver-
sjons can be produceC. Oligomeriration oíthe malorbirch
pollan.a{iergen. Eèt v 1, iry genetic engineet"ing yielded a
recornbinant trimer wrth greatly reduced alle€enic activi_
ty fVrtala ei ai. 1 99g: pauli et a/. , 

.l 
999 and submitted: yar.t

iJage-Hamsten etal,. 1 g9g)
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Mul 1 **

Frg.4 Changir'g tre Fold at^c Netlve-Ltke Struct,rrÈ ,lÌ ar, ftlar-

e€rì bt Pornt ivlutaî'ons.
,}ìanges of a iev{ aî:n) ac;ds íarro!.. si ,Jan siveí€lv c.)rnpron:.sg

l f t e :C l J i nJ  o í . ì .  : 1 i l e i ?q f ' a r , i l  t : t : : s  i j , s r , t t ' .  r J i s l L ìn l ; t : uoJs  (a ( ) r r ; e r ,
-r1el, f Í . j ' )  

l t . ' :  s;,  t , ;pc.3 í! .-  4. A - aì

Ea:r, ia. i ì , ì  tr \ , 'g :"p:5 
--, j  g.r-rr , i  : ì ! i t .1' . i t ln; . i : . í)Ji : ! i  I , i  . . ._,-

arJr-, lrr !  thr: l ' .F l ; : t : i r ' t r ;  r-- l f€r-. ' . !  rr j  : ì l l ! - ' :g, jr ì l i  ;q1,11; ')r l  (  í- : ì-

I t r l  r . l e  1 )  S i t € - ' Í r : a tÉd  i . J raJ î t i ?s ; s .

1 .  Po i r , ì  mJ ra r i o r r - {  c r / t : ; , l l  t he  l q :  b i nd ing  : i l ns  n tav  t r l a , J

kì, do,rîorrîat . j1aì cnanges In t l te al irrgen stntclur€ arld

th . rs  c l is r rpt  d ,scor l inuous lgE ?pi îopes (F ioure . t ) .  In  ih is
aonîaxt ir ',.tri '.s shcv.,'n that pornt rnutatioars in the cal+rLm-

brr'd ng 3i:es oÌ EF-har'rci írtleNens yreldèC slatlle apo-

fo ' r :s  " r i th  
'éL jucei  lgE b lndrrg aapaci ty  iÈnget  et  ar . ,

i 397, Cika,Ja èl ar.. 
'1993). iúulaticr.s of rt).rg{gipg residLtes

rn rîater rnile arlergùns t:kewrse rlgcreased the lgE binding

Cap:1,:Ir€S arìd /|l ! ' i ' iLa alie:genic activrty Of these rnole-

cules (Snr i th  ar ,o Ci ìÈpîrar  "1996,  ' fakai  
e i  a / . .  1997;  Ols,

son - - l  a / . .  I  99E1.

:. lt iS eq,lallr, f.rtis.-:rlrle tlrat o;.rirri nluiations úAy

cha'rge tflose ainiric acid rÈsidL6s wlìir:,h ilre responsibl€
.rr tlrer r r rj.Èr;ìr.-tiîtì ì,.,.i i1ì 1::e càtr'lope li 1ìte ii:r; asi:on,J jrr.j

an:r:cdy and îhus rJrrecl!, aff€c:1tr€ l.-;E binding capdcity
iÉr6,.rre oj. S'rtgle coinl nìuiations v/o:e shorvr lo arbollsh
tî€ b,ndin.? or rncnoî.!:' lal aîtibodies ù /iedem.rnn et a/.,
'I 

33e; Si"o5r:Ca et aJ.. 1999) and, although not y€t píc..,eî,

Re,:cmbinani end Sy-rheîic Alterger, Deriratives as Atlergi' Vaccines I i I

may be roiponsiole for the reduced igE b,nding cepecjty
of certarn isolorms Dr mutants of the major birch poll€n
allergen, Bet v i and the maior rye grass allerg€n, Loì p 5
(Ferreira ef a/., 1996, 1998; Swoboda ef a/.. 1999), DslÉ-
tions or mutations of sr-veral amino acids 'n a .crv (Fig-
urs 6) wer€ found to b€ effective in reducing tha rgE bind-
ing cepecib/ ol th€ major timoîhy gra-ss palien allergen
Phi p 5 (Scl'rarrrrn ef ai., 1999), the rnaior ryb- grass pallsn
all€rgens Lol p 1 and Lol p 5 framoorinì €t a/.. 1997; Si,.ro-
boda al ai., 1 999).

F ! i l . ú  - r r ; ì : r i r  i ' , r .  . . .  . , . i  : ;  , .  . .  . , , -  . ,  . '  .

\ r . ' l  ì ' i t l : J ; J v í  ( q l g l l r '  i - , - - r , . - . ' '  . ' r  . ì

Recombinant  Al lergen Fragrnents * l îh

Reduced or  No lgÉ Binding Capaci ty

Tlvo recombinaît fragfrenìs rèLJreser:in! amrnó acid

1 - 74 anc 75- ì 60 of the ,Ta1c' b îar ootle,l arlerqei !ór'ere

expresseC t. Eschei.:ni6 cai' .i 'ìa .;,rrifroii (Vtlala .r! ai..

t997t .  The rec l r f l  b i r tanî  Bel  ,  .  í ' i . t l , r :er19 f ,ad a l rnost

corìpfetely iost their lgE b.r,Jr:rg ..apajtiy and ajlerqenic

acl iv t tv  CUe tO a los5 O'1n?r '  naî rvÉ- | ln  É f  Cl r j  lS i l :  i i rar i : ; i t tC l

in  F loure 7 (Par . r l i  a t  a i  .  1c j .29. ' , 'ar  H3qà- i larnstg i r  s t  a / . .

I999) .  l . iever ' :he l*ss Lroth i ra !  Ì . r ì ts  cu! ì la ineJ rhs EeÌ  í  1-

ìpecitìc T cèll epiîL1pes and inor,ced lgG anlibrrdies i'ì

mirte anc rabbits $rhi.ú fecoct r'ee( tne rì3îrv€ B6t v - nlol-

ùculè sîd lnhibii€': cincing of píi: 'enî's lgE to rBat v 1 rvild

iffi

8 A

Fig,7 Culting cr Fragmenlaiion iharrges lh3 'ìl ierg€i-,s Fcld

arrd DasIrcvs Dìs,c.ît'nJcli3 lCcnl]rialionir ) IJE F[]i1r)f)a5.

l/hrl 1î
A I

FiS. 5 Pcint [4rtations w'h ch Arter the gE-8ìnd ng S,tes oj the
Folded \atrve-Lika Alle.,-Jen.

Exclìang. oí thcse arnirra acics withir, the lgE epnop€ (afro',vs)
wfrrs"l 31g ir'qurrec 'ior ihg nleraction u,'i lh lhe paratope of th6
coi'?9f.)icir; :gE an:ibcdv iv | ìazd tc lrrss o'bìndrrg.

Del.



S20 A. Vatorta at al.

tvpe. A 3:n:l5r trehariiour was repo.terl for two FF lraric
pollen allergèiìs from alier, Aln g. (Hayek etal.. I 996), ancj
brrcir, 661 v 4 if\.,,ardosz et ai., l ggZ; as well as for a boviî6
dancrÈr olltrgen (Zeiler eral., j 9gZ). Two rccornbirant frag_
ments containing lhe first and seconc EF-hanc domain of
Al,r g 4 exhitritod a greatly reduced tgF b,inclrng capacity.
Reconìb'irìant Bet v 4. the Afn g 4-horr,otogous 2EF-hand
brrch poilen ailergen, lacking the N-terminal iir3r 16 amrno
acids had a mcrethan 909ó reduced lgEreactrvlty. Wethus
assurne ihat fragmentatior of protóins containlng prirnar-
ily discontinu,:uVconformaticnai lgE epttopes wili lead to
a sufistanîial reduciion of the allergens lgE blnding capac_
ity. lrì a noxt slep it needs to be investigated ín spacrfic
errirnal rnodels { v"^ala at a!., 1 9gg) r,vhether such hVooaller_
genrc alferger fragments can incluca proisctirre imrnurre
responses,n ytyo.

Synthotic Peptides Derived from
Surface-Expos€d Arèas orfrom lgE Epitopes
of Allergens

i., .r  i rndrf r j ,  igE a;r, ibori i69 requl,e the avaj i lbi l ; ty of cer-
taiì Cnti(:al amin,) aciOB on th€ sudace af the allepen rnol-
e.:ute i?E +FlrtúCÉS r-'an githÉf E*, cjerternrnetJ ry. expefi-
,-rè'rta' úprt(iù3 rlapping strate€ies or lhe three dim6r-
-qicr'al strLrctuíe of a given aiJergen can give informÈtiofl
lvhat porlrc,ns ùf ine rnolecule cortain surface e)e,)sgl
am uo aaid rÈsidlrès tikety to be invotved in the irleractron
ì,r,1 ì ,!5 aritrr.iocjres. Ey epitor:e nìapúirig ancJ strùctural
at:lÉ:,-'F._.1'ac ìt i:ì pr.ss,bt6 to seiÈct po,tic,ns oi gn allergai
llloleculF wtìtcf. ai-É involved ii-r lgE citcing l,ui Oar se lac(
3!i6ffi91c ac:r!'ry e!.ÉvÉr, lgF oindillg capacity svnthettc
p;J;tiiles :.ant;:ir iN!Ì .ll,ergèn lragrner,lS bearaig a:nirro
í-.r)rCs rrr..il\.,ei ir iiF 5:;,6;nq ífxlrrisans of rgE aprii6pgs;
i .F t : ,- t  ;-  ? rra. i t i : ,  i ' i  -  -  f .)  Càrr :ni, fr  f ,É t,Serl lLrt aCii , / f  j i t f tu_

: , ,  r 1 !  : r  i  ;  . _  ! . : 1 , , f  l ,  i  í ( r l  - : i 1  ; a i r ì  : n : i t t : . iÈ$  r t r  t hè  l qÉ  b , r . ,C i t r o
' i . , . , .  í  i i .  - , i  : : , : , : . r :  i ' 1 i :  a ; : l t ì r . cú :  r r ( ) ! : i i i  : , €  y r . f , * { a  l /  r ; ; _

;  i ; r  . : 1 .1 .  i ' -  .  . i ' , _  
- , :  

i . 11 , r , , , t  i r - r . _1q  i L .  l r + l ) i i : .  ?  . . . a ,C i )  , i 9 ' ' c  : ! : r l

. : '  ;  . r i .  s .  i ' f . ; :  
- f . ' , l F  : i . ; i ( , t , r , ,  . r i : - , :  l , 1 r ! f  i 1 : , - , , : . . .

' :  .1,): ; :  ' i i :L, 
tru.1, i5 i . . , i ì i , ; t i  (F;t l  gt i ,r . .  i  !1.ìg : :  ioct:€ 9t .3J.

1999i .  The app: ica l . rc ,n c l ' l . f ,E.epi tep!  c je l rc-d )Éptr rJes f i i
vaccination may 'ror,vever be lirniied by the tow.apacity oi
synthet;c peptidss tc i:rduce antibocl;, =sporses /n ,.rro.
The latter orobleni might be cvercorne Dy rncaas.ng the
,mirunogeniCity of th6 allargen-derived peg:trces througf
coupling to suitable carriers cr mutrrrìer.rzaîton_

The Future of Allorgen-specific
Inrmunotherapy: Vaccination with
Recombinant or Synthetic Hypoallergenic
Allergen Derivatives?

Sle envisage ihat future aliFrgen-scecitic rmmrnoiherapy
rnay be b6s€rj on es:ablished inlection- ar,d ad.lLvant_
based vacclnation protoccls curently app,rèd with allsr-
gen exîracts. Fulur€ vaccinatton sÌrateEies vr ll however
differ from tne eslabiisrlÉl trea!;nÉr,r in as nìuch as the.i
may use deiined allerge:r rÌtoler,L;les instÈad af aller,ten
ertfacts. lle appnopriate components \,,ril l bo selectarJ by
compon Érìt-resolvecí diagr,,tsis rùr aon.r p{,r,Étl-,.es,ll \ érJ
imrnunothorepy (\hler,ta ef ai., 

.t999i. 
lrsatÎani shourrc

tnen be per icr rnec *r t f r  i ivpoai ierEènt ;  fa_-vr Ì ì t , r i la t l t  ur
svnth€tic all6rgetì detìvatr\,es nhich wsre rleveioracl .Jn
the basis Of a det,li led moiÉ{,u;.-:t òfìJ strL. (:,.irra.l r itai:rc ter -

i:atrort ct the disease-el:f tttitg îùltrrrie3.. f qr;rrpgneni-
lesolvec immr,notherapy wili i.ave no .igr< îrt sgnstti:e pi-

Part ol A
ffi

Prt ot B
Fiil

Part ot C
;ffiE

Part of D

tÌffi
Part ol E

'i{3
Fig.8 Syntnetic Paptides or Recombrnant Allergen Fragmenta
Co.ta;nin0 Poniorrs of :he tgE Epilopes.
Pept c9s sr[ilout lgE binci:ig cgpacity (partÉ of lgE epitùpes] rep- Fig. g vaccination wiîh Hypoallfrfg€f tic ÉJiergen DeflvatiTgsresenting sudace-€xposed portions of a.ì alla.g€n may be usea to lduces Syrthesis cf Biocking lgG Anribod ss.tccits blc'ckng anticoaies to lgF er'itop6s' Allergens hidclen by lgc anUbodies cannor bó rscoqniz€d bv toE.

lgEaB-C



lients againsr new compononts. The possibility of ireat-
merlt with hypoaliergenic molecules hoids also proinise
that a reduced rate of anaphylactic side effects will be ol>-
gervso rn the course of immuootherapy. Frorî the admin-
jstration oi hìgher doses of hypoaliergenic rrolecules v,,e
expect the inducticn of a preferential Th1-like immune re-
sponsÉ which wiil Le accompaniecl tjy lhe production of
bioching arrtibooies that cornp,ete v/ith the ongoing lgE re-
sponse. The incuction of blocking antibodies willto a great
exlent require the presence of motifs/sequences on ths
hypoallergenic imnìunogen which mimick structufes witn-
In the lgE épilopes of the wildtype allergen. Therapy,ir-
duced blocking antibodies will be able to comflete wirh
lgF for its binding sit€s on the naîural allergen iFigure 9)
and thus praverìl allrrgen-induced releasg o{ biological
nìadialors as we;l as of Th2-like cylol:ines frorl the effèc-
tor îeiis l Haas st ai. 1 -ogg). Blccking anticodres preseFl in
laa.aì 5e,.rr'j';,,.)r,S anU -:,eru:-t rrijj aia,o SJ.-)p! eSs a,lerqc-;r-:.S.

t) ìriDÉíìi .t:.1r...a,:l:rrr if lUi :t:irir,i:ì.o,ì H.;l::;l ia?t.:,i l i:dli
ì ì1 . ) , '1 : lx :  t . '13, t= t ; ì  t . ì r {è i .  , j . f . l tn> a '  À iú. - t ì  i ; , r f ì -1a ' r ì  à t  5 j . .

i ai-J;,. :1 tr.rrlÌr1,.:q ;ol-i;rrl l l.-:,,.1i,:.: lrrleri:r'e,,,Íi l l- lJF. ir:-,'1,

,li9î r)iíì:.Èrìtal)ol r:' i ai:et,-;eir: ti l a€iis, i i;r-: r i:c;rirgct-

atl :n"r1 T ce I aleFcnoe:,-l a:e r+alli,>nl <;r'* aisù à1'teliLì-

iated. A: fer a:, thè mo,Je of alls,gBn a<Jmiristrel ior'r is r:r:rr-

t4tttEd, ii apÍre:rrs lrrey tfrat tha use oí hypoa,lergÈt-ric
'i i 'rrèc.,ir:s ú'il, aiio\'r tc) ce!el3p niw therasy Drctoccìs
iru'n, l f .l:,: b.e:er:j ori lhe l';ss irequelt ì niection :f higt da:-
ri. is Ir f:l?Ss,a,'t: vaccira:,en if eatrlrent.
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