
.rLlt dg 'sua8rallp 
lslrrp8e uorl)npord VBt puu 7331 af,npur puu uorl)npord g31 ssarddns

luu .,(aq1 luql aJuoprna SurleinurnJJe sr aJaql 'uorlrppe u1 'slrtldoursoa pue 'spqdoseq 's11ar

lspLu sp qJns 'uorlututuegur rr8ralle Jo sllal rol)aJ;a aJuangur .,{1lra"rrpur ro dllra4p s11ar 3a-r1
'lrraluluar+ 

InJssaJf,nsun ro InJSSaJJns premol 11g-ua8ra11e Suqrarrp snlll 'sural1ed auqo1ft 7t11
ro LrlI lrurlsrp raqlia arnpord ol pale^rl)ear aq uuJ sllal J pazrralol'sllar 3ar1 l;nads-ua84uu
aq1 .{q parnpo"rd llSursea"rrur arp qrlqm '(d-glt) 

fl rolre; ql,no;8 Sururo;suprl ro/pue 0l--II
Jo rrorlre aurrrolnu lq paleqrq sl lI 'salrs uorlruSorar ila)-J slr pue sua8-ra11e rofutu aq] lsure8u
sasuodse.r atrr1o1.,(r pup anrlura;riord passarddns lq ,{1uretu pazrra}Jureq) sr a)ueJalo} IIa)-I
1u.raqdrra.1 

'(l) (JI.I) dderaqlounlulur ap4dad pue J.IfS ur dals Ierluassa uu sluasa"rda"r s11ar 1
luroqdr.rad ur aleJs luuralol e Jo uorlf,npul aLII 'sa+nor 

lpsoJnru raqlo pue '1ero 'len8urlqns er.r
saLrrrre^ Jo uorlurrldde ,{q saurloló rralll pue sllar (8arl; z{roleln8ar I Jo uor}eraua8 alerrpur
aJueralol lpsoJntu Jo sarpnls Iuuruu 

'uorlrppe uI '(IIJS) lderaqlounururr snoauplnJqns
r[]lm pa.redtuor su;a11ed uorlein8ar aunururr rplrturs lr,rorls ]qBIu (IIIS) ,(deratllounrurur

lunBurlqns ;o stusrueqf,aur Lro sarpnls lerrSolounururr 
'patu"ro;"rad uaaq aAeLI sarpnls

patltull .,{"ran q8noqllv 'r{lrunutur 
Ieurrorr Jo uor}pJolsar ol anp sua8rallu }surp8e aruuralc't:

pa8uolord ol speal lpllt tuaulea4 lluo aql sl 11191 lderalltounruur rr;nads-ua3"ra11y
'uorlp^rl)e 

IIa)-I arrnbar 1e daqt asneJaq uorlerurupgur rr8.ra1ip ur sluana lerrSoiolllpú
a^oqp at[l JO IIu aluorra^o uu) sua8,ra11e ol aJuuralo] IIa)-J yeraqdrra4 'O'ù srsoldodu

Flru uoqplrì)p JraLIl Sursner sa1,,(rourleJaì pue 'sy1ar alJsnur Llloolus 's11ar 
1ur1at11rda lerqJuorc.

LIIIM lJpralur osle d".lJ 'uorl)npord"raddtl snJnur pue 'le.trnrns ptldoursoa 'slanal gBI palu^alè
ì-rr llnsar rlrrLIM 'suorlrun; rol)aJJa deldsrp s11a) J'.,(11eurg 

'sanssrJ 
lerlaqlrdaqns a{} ur panrasqc'

sr uoqe^rlJpar luanbasuo) pup sanssrl aLIl uI s11ar droletuurpgur arll Jo I€ArArns pa8uolo,rd 1
'8urtuot1 a^rl)alas-uu8ro .t,rorls pue ìJomlau aurìourallJ palplaJ-asou Jo '3un1 'ulìs 

Jo a)uanl+Lr.
aql Japun are .,(at11 'uorleruurplJur rr8ralle ur sua8queradns lprJal)eq pue 'sua8rlueoyr'--'
'sua8rlue pocry 'sua3"ra11eo"rae ,,(q palenrlJu aJe slla) I 

'G'ù slla) ualsds aunutur Jo suorlJrrf.-
JolJaJJa puu 'trorlenr]f,eal pue Iu^rnrns 

'Surtuoq alrl)alas-ue8ro 'uorlenqf,e sE parJrssplJ aq uL'l
uorleururegur l3"ra11e Sur"rnp slua^a Ieurpru3 

'JolJ€J rrlauaSoqled luelrodtur ue ae ol s;eadcl.:
asuodsa; aunurrur paleln8arslp e pue'uorletuiuelJur rr8ralle ur al€rllrJur Jplnlla);o uorlelndt''J
a8-ru1 p alnlrlsuol sllal 1 

'srxeldqdeue rrtualsls pue 'etuqlse 'utuazla 'sr1r,r.r1Junfuolouru-

rr8ralle Jo luaudolanap aqt ot Surpeal ue8"ro la8rel aql ur pa^rasqo are a8ualluti-
ua8ralle ol suollJpar pup uorleururegur rr8ralle leJrurp 

'asetld uorleziJrsuas aqi JaUV
'G'Z) uorlf,uar rr8ralle aq+ Jo asetld alelpaurLu.

aql azrralJereqJ tluLlm Jo ttu 
'saurlotuaqJ puu saurloldr '(sauarrlo>ina1 

iluralsdr puu sur:
-uu13u1sord; srolerpalu prdrl '(aurtuelsrtl ,{ludnuud; saurtuu a^rlJuosu,r Sursealar 'alelnuur8a:

sptldosuq pue sllar lsuru 
'ua8-ra11e dq saxaldtuor 1y:rg-g31 aqì Jo 3ur1ur1-sson uocl ̂

'aruJrns rraql uo passardxa (lU3rC) E31 "roy ;oldara; dlrur;;u-q8tq 
"r'{l 

o1 Surpurq ,iq spqdos'::
pup slla) lsutu sazrlrsuas gBI 'G'Ò sanssrl o1 uorlu;8rtu lrqdoursoa puu 'lla) 

ZqI roJ sllè-

Iprlaqlopua JO uorlelrlre pue uorl)npord snrnu /silal g lq uorlrnpord g31 roy urprlJ dnuaq : a--.
o1 SurtlrlrMs ssulr ro; alqrsuodsa.r aru leql [gt-ft pue (t-TI) t-urìnalra]ur sp qrnsl saur1olft ;u
Jo Lrorlrnpo"rd at1ì ur sllnsar sllar (ZrlJ) 7 ;adlaq I +tCJ rr;nads-ua3.ra11e;o Surtuud 'ua8ra11e -
uorlezrlrsuas Strunq 'ua8ra11u arll pJemol asuodsar aunururr rr;nads ;o luar-udola^ap pue uorl,. --
-rlrsuas sa;rnba; asuodsar aunluLur rr8ralle aql '(l) ua3.ra11e aql Jo s)rlsrralJprpllf, lernlf,n-:-
aLIl sasuJ aruos ur pu€'asop ua3.ra11u'arnsodxa Jo alnoJ'dlrlrqrldaJsns )qaua8 SurpnlJur's.ro1r:.

Ieranas .,(q paruangur pue xaldtuor sr sasuodsar aunurtur rr8ralip aql yo lSoloqledorsdqd ai;

NOIICNOOHIN I

pueu0zl!/1 s 
's1Ae0 'uvt9 Lpreasaa ewqlsv pue Mta11y p alnlrlsul sst/tAS

slplv lecceqn1^|

Mar^al rrieualsfs :srlrLi:.

'sasuodsa;,r{poqrlr.ru -r:,':
:lesse (gVC) 8urptrr.1 .-

rnol ,{1ucl lèUu sruolLlLu
èurlJP^,,{8"ra11e :r1r:a.1--,

paJnpur-ua8ra11e saloLi:,

6 roldara; aìrl-llol-!ìaè ,

:VOOZ Iountuull [ 
's11ar 

1
ldl dq pattsArlre sllal

't6L-161":n80[ 1i00; .
rrr uorssardxà èurìoJ \-ì '

I u qLuv aql o] paìurr

:(L) LLl, :9002 lounrulrrl .:
qsnJ JauP suorlf,Eal alr-rtl

09t.:2002 ]arue-I 'lPul 
F.

suorlJeal l3"ra11e uo I 'a
'z89VL-LL9tr

slua.Lard sua8ralle palaè
'€91I--;

I ^ laBJ uts{} asealal ltr:ì
aLIl JO sa^rle^rJap lLrPLn.ì.

ur13 f8rally { 
'squarlueì -

lueurqruoJal ol prrP I .\
,{11u:rlauaB o1 sàsu(ìriti

1pgg7 lountuurl ur13 .iF::
poolq €ZlCf Strr:eaq-11

weqn] pue illl

I len0ullqns
tldereqlounuul uo0rollV

ol sosuodseg cloolounuul



72 
Akdis

application of the recent knowledge in mechanis.ms of allergel--SlT' more rational and safer

approaches are ̂ ;";il; for the fu-t.rre of prevention and poisibly cure of allergic diseases'

NONINJECTION IMMUNOTHERAPY

Concerns about the safety of subcutaneous administration of alrergens have inspired the

search for effective noninjection routes of administration for allergen-sÍt' These routes include

orar immunotherapy (oIT), rocar bronchial immunotherapy (LBIT),locar nasal immunotherapy

tt*t?i,lii"?:tl 
on the orar administration of allergen (immediate swallowing of allergen)

date back as far as 7927 (B)' OIT has been abandon"ed in clinical practice due to a lack of

statistically significant improvement of symptoms (only three stuàies have shown clinical

benefit of OIT (9), high costs, ur',d fr"q.t"r',1 ,ià" effects). However, given the large number of

animal studies that siow oral tolerurlà., it still remains a fruitful approach'. . 1.
LBIT has been performed in only two double-biind placebo-óontrolled studies' both on

house dust mite-allergic patients (iO,tt). Only one oi th"t" studies reporte-d clinical

improvement and patients.suffered from many'.rn*anted effects. unproven efficacy and

nljn ,tt levels havà essentially stopped-research in this area.

More studies have been p"rtd.r.r"d using LNIT during the rast few decades' Aqueous

ailergen extracts were proven .hGhrt 
effectivJ, but frequ"r-tily.it'rduce rhinitis. Dry powder

extracts did not cause this probl"À ur-ra showed minimaf side óffects' Despite this and clinical

success, the use of LNIT isìn decline. The.eqrri."Àent of highly skiiled staff to administer the

alrergens correctry (without the- powder enteiing the deep uír#^yr) and indications that LNIT

might not maintain its clinical benefit after it iJdiscontinued favor SCIT over LNIT'

Many stuclies have been performed with sublingual ad.ministration of allergen extracts'

either witrr or without subsequent swailowing of the e"xtract, beginning in the mid-1980s' sLIT

has been successfully used to treat a[ergic rhinitis and asthma, a-lthough efficacy varies greatly

among studies (12,7"3).Because of poteitially severe, albeit infrequen-t, side effects associated

with sclr, mucosal routes of administration are being investigatèd (14)' while its safety and

efficacy are now rargery documented, much remains ó u" invéstigated on tire immunological

mechanisms underlying efficacy of sLIT., A.meta-analysis of the double-blind, placebo-

controled trials performed in thé past decade show that sitr is clinically efficacious although'

at present, the tràatment benefit ir'^ppl.limately harf that achieved with sCIT (15)' SLIT seems

to be effective in the amelioration'àf clinical óymptoms,. drug consumption, and bronchial

hyperreactivity (io_tg), although definitive evidéncé from rargelandomized controlled trials is

lacking.
A longitudinal, double-blind, placebo-controlied, parallel-group study that included

51 centers from g countries, aimed to éonfirm the efficacy ór u rapidty dissolving q:ass allergen

tablet in patients with seasonal rhinoconjunctivitis. subjócts wer: randomized (1:1) to receive a

grass auergen tablet or placebo once daily. A total of 634 subiects with a history of grass

polien-induced rhinoconjunctivitis for at'least two year: u."d confirmed IgE sensitivity

(positive skin prick test . and ,"..t--rpecific Ig-E) *"" in,cluded in the study' Subjects

commenced treatment at reast 16 weeki before Th" gtu* po[en season, and treatment was

continued throughout the season. The primary efficaJy u'tufyris.showed a reduction of 30% in

rhinoconjunctivitis symptoms and 38% rhinocor,1.rr-,.íi"itis medication scores compared with

pracebo. side effects'màinry comprised mild itcting and sweiling in the mouth that was, in

general, tolerated and led to treatment witl'rdrawal i"r', 1"rr than 4% of participants- There were

no serious local side effects or severe systemic adverse events' In this multicentral study' SLIT

grass allergen tablets were effective in grass pollen-induced rhi.oconjunctivitis and represents

à safe alternativ" ,o 5g1T (19)'

Various prophylactic or therapeutic sublingual immunization approaches in BALB/c

mice with ovalbumin-induced asthÀa have be"r," studied. prophylactic sublingual adminis-

tration of ovalbumin completery prevents airways hyperresponsiveness as well as IL-5

secretion and IgE induction. Thi; effect can be drre to piàventión of ailergen sensitization or

induction of oral tolerance. However, therapeutic administration of ovalbumin in solution via

either the sublingual or oral route has limiied efficacy in already sensitized mice' In contrast'

subringual application of ovalbumin formulated úitn mattodextrin to enhance mucosal
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- Early decrease in mast cel l
and basoPhil activitY for
degranulat ion and
systemic anaPhYlaxis

- T cel l  tolerance
inc!uction of Tp"n cel ls
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Figure 1 lmmunotogical changes during the course of allergen-slr. Although there is significant variation

between individuats and protocols, wrth the first injection, àn early decrease in mast cell and basophil

degranulation and tendency for systemic anaphylaxis is observed. This is followed by generation of allergen-

specific Treg cells and suppression of both allergen-specific Th1 and rh2 cells. An early increase of specific lgE

and late decrease rs observed. This is in parallel to an increase particularly of lgG4 and in some studies lgGl and

lgA. A significant decrease in allergen-specific lgE/lgG4 ratio occurs after several months. A significant decrease

in type I skin test reactivity is also observed retatrvety late in the course of Slr. A decrease in tissue mast cells and

eosinophils and release of their mediators and deciease in late-phase response is observed after a few months'

The listed effects demonstrated in SLIT were relatively weak compared with injection Slr. Abbreviations: SIT'

specific immunotherapy; Treg, T regulatory'

Generation of Treg Cells and Peripheral T-Cell Tolerance

The induction of a tolerant state in peripheral T cells represents an essential step in allergen-

sIT (Fig. 2). lreripheral r-cell tolerance iÀ characterized by g.t-t".ution of allergen-specific Treg

cels and suppressed proliferative and cytokine responsés"against the maior allergen G214)'

subsets of rreg cells with distinct phenoíypes and Àechanisirs of action include the naturally

occurring, thymic-serected cp++inzs+ ît"g ceils and the inducibre type 1 Treg cells (Tr1)

(35). In allergen-SlT, peripheral r-cell toleranie is initiated by the a-utocrine action of IL-10 and

TGF-p, which is increasingly produced by !h. antigen-specific T cells (33,36,37)' The

suppression by these cels óuld partialll bé 
9l:.ked 

b! the use of neutralizing antibodies

ogàir-,rt secreted or membrane-bouìd IL-íO and rGF-p (34). These cells do, however, express

CD4 and CD2s, raising the question wl-rether these are inducible Tr1 cells that have

upregulated cpis o. ,-,ítrr.olly'occurring CD4+CD25+ Treg cells that produce suppressive

cytokines (35). In agreement,_ CD4+CD2É+ Treg cells frori atopic donors have a reduced

capacity to supprerr-th" proliferation of cDa+cÚ25- T cells (38j. Therefore, upregulation of

CD4+CD25+ Treg ceils Àay play a role in allergen-SlT. TGF-B plays a dual 1ol.e 
in allergic

disease. lt suppresses allergen-specific T cells and plays a role in remodeling of the tissues' It

remains to be determined whether the remodeling utia suppre-ssive role of TGF-B in allergic

inflammation show an imbalance, r.t hich aggrùates instead of controlling the immune

response (39).  
r^  -^^--^!1^^^^- i -  anr .

studies on the mechanisms by which immune responses-to nonpathog.enic environmen-

tal antigens lead to either allergy'o. nonharmful immunity demonstrate that Treg celis are

dominant in healthy individuatò'is,+o). If a detectable immune response is mounted, Tr1 cells

specific for common environmental allergens, consistently represent the dominant subset in

healthy individuals. They use multiple stippressive mechanisms, IL-10 and rGF-p as secreted

cytokines, and cytotoxic T lympho.yt" u"tìgen 4 (CTLA-4) and programmed death 1 (PD1) as

surface moleculÉs. Heatthy"anà ailÉrgic inàividuais exhibit all three, i.e., Th1, Th2, Tr1 type

allergen-specific subsets in different proporli6ns.(40). Accordingly,a change in the dominant

subset and the balance between Th2 ànd Treg cells may lead to either allergy development or

recovery.
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inflammation (45). Humans suffering from immur-rodysregulation polyendocrinopathy enter-
opathy X-linked (IPEX) syndrome are similarly affected and mostly develop hyper IgE and
eczema due to mutations in the FOXP3 gene (45). Also, a dysregulation of disease-causing
effector T celis is observed in atopic dermatitis lesions, in association with an impaired CD4(+)
CD25(+)FoxP3(+) T-cell infiltration in the dermis (46).

Allergen-specific T-cell suppression by IL-10, a known suppressive cytokine of T-cell
proliferation and cytokine production, is essential in peripheral tolerance to allergens,
autoantigens, transplantation antigens, and tumor antigens. The mechanism of how IL-10
directiy inhibits T cells is reported (47). IL-10 suppresses T cells by blocking CD28 and
inducible costimulator (ICOS) costimulatory signals in a rapid signal transduction cascade.
[-10 binds its receptor and activates two tyrosine kinases, Jakl and Tyk2. Tyk2 acts as a
constitutive reservoir for Src homology 2 domain-containing protein tyrosine phosphatase 1
(SHP-I) in resting T cells and then tyrosine phosphorylates SHP-1 on activation. SHP-1 rapidly
binds to CD28 and ICOS costimulatory receptors and dephosphorylates them within minutes.
As a consequence, the binding of phosphatidylinositol-3 kinase to either costimulatory
receptor no longer occurs and downstream signaling is inhibited. Accordingly, spleen cells
from SHP-1-deficient mice show increased proliferation r,r'ith CD28 and ICOS stimulation in
comparison to wild-type mice, which is not suppressed by lL-10. Generation of dominant-
negative SHP-l-overexpressing T cells or silencing of the SHP-1 gene by small iniribitory RNA
both alter SHP-1 functions and abolish the suppressive effect of IL-10. In conclusiott, the rapid
inhibition of the CD28 or ICOS costimulatory pathways by SHP-1 represents the mechanism
for direct T-cell suppression by IL-70 (47).

The role of Treg cells is not limited to suppression of Th2 cells. Peripheral tolerance
utilizes multiple mechanisms to suppress allergic inflammation. Apparentlv, Treg cells
contribute to the control of allergen-specific immune responses in five major ways:
suppression of antigen-presenting cells that support the generation of effector Th2 and
Th1 cells; suppression of Th2 and Th1 cells; suppression of allergen-specific IgE and induction
of IgG4 and/or IgA; suppression of mast cells, basophils, and eosinophils; interaction with
resident tissue cells and remodelir-rg (35).

Regulat ion of  Al lergen-Speci f ic  lgE and lgG Subtype Responses During Al lergen-SlT
Specific IgE in serum and on the surface of mast cells and basophils bound to FcsRI in allergic
patients is a hallmark of atopic disease. Although peripheral T-cell tolerance is rapidly induced
during SIT, there is no evidence for B-cell tolerance in the early course (32). Natural exposure
to a relevant allergen is often associated with an increase in the IgE synthesis. Similarly, SIT
frequently induces a transient increase in serum-specific IgE, however, followed by gradual
decrease over months or years of treatment (48,49). In pollen-sensitive patients, allergen-SlT
prevents elevation of the serum-specific IgE during the pollen season (50). However, the
changes in IgE levels cannot explain the diminished responsiveness to specific allergen due to
SIT, since the decrease in serum IgE is relatively late and does not correlate with clinical
improvement from SIT.

Antibody responses induced during allergen-SlT are functionally heterogeneous, which
may account for the conflicting data in relation to the protective effects of IgG (34,48,49).

Subclasses of lgG antibodies, especially IgG4, are thought to capture the allergen before
reaching the effector cell-bound IgE and thus prevent the activation of mast cells and
basophils. However, the relationship between the efficacy of SIT and the induction of allergen-
specific IgG subgroups remains a controversial issue, with serum concentrations of allergen-
specific IgG correlating with clinical improvement in some studies, but not others (57,52).

Allergen-specific IgG may be directed against the same epitopes as IgE, resulting in direct
competition for allergen binding and a "blocking" effect. By contrast, induction of IgG specific
for other epitopes may result in a failure of the IgG response to compete with IgE, even when
IgC is present in molar excess. The concept of blocking antibodies is being revaluated. Analysis
of the IgG subtypes induced by SIT shows specific increases in IgGl and, in particular,IgC4,
with levels increasing 10- to 100-fold (53,54). There is cumulating evidence that SIT also
influences the blocking activity on IgE-mediated responses by IgG4, and celiuiar assays are
commonly used to investigate these changes (55).

A novel assay, which detects allergen-IgE binding using flow cytometry, has been used
to detect "functional" SlT-induced changes in IgG antibody activity. Results suggest that
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Moreover, although demonstrated in a model of myocarditis, IL-10 gene transfer significantly
reduces mast cell density, local histamine concentration, mast cell growth, and prevents mast
cel l  degranulat ion (67).

Long-term SCIT is associated with reduction of the immediate and the late-phase
reactions (LPRs) to allergen provocation in the nasal and bronchial mucosa or the skin. The
mechanism of LPR is different from the mast cell-mediated immediate reaction and
involves the recruitment, activation, and persistence of eosinophils, and activated T cells at
the sites of allergen exposure (3). Successful SIT results not only in the increase of allergen
concentration necessary to induce immediate or LPR in the target tissue but also in the
decreased responses to nonspecific stimulation. Bronchial, nasal, and conjunctival hyper-
reactivity to nonspecific stimuli, which seems to reflect underlying mucosal inflammation,
decreases after SCIT and correlates with clinical improvement (68). During birch pollen
SCIT, reduced plasma levels of eosinophil cationic protein (ECP), a marker of eosinophil
activation, as well as chemotactic factors for eosinophils and neutrophils correlated with
decreased bronchial hyperreactivity and clinical improvement (69). Inhibition by SCIT of
the seasonal increase in eosinophil priming has also been demonstrated (70). In biopsies
obtained during grass pollen SCIT, decreased eosinophil and mast cell infi l tration in nasal
and bronchial mucosa after SCIT correlates with the anti-inflammatory effect (71). Similar
to these findings, SLIT achieved a significant clinical benefit in birch pollinosis, reduced the
eosinophil infiltration in nasal mucosa, and significantly improved pulmonary function
during the pollen seasons (72).

UNDERLYING MECHANISMS OF NOVEL AND EMERGING SIT
VACCINES AND NOVEL ADJUVANTS FOR THE IMPROVEMENT
OF INJECTION AND SUBLINGUAL SIT

Intensive studies to improve efficacy and safety of allergen-SlT are underway. A basic
requirement for an allergen vaccine in achieving successful SIT without the risk of anaphylaxis
is to express T-cell epitopes, which induce T-cell tolerance and lack antibody-binding sites that
mediate IgE cross-linking (73). Conformation dependence of B-cell epitopes and linearity of T-
cell epitopes may induce a different regulation of allergen-specific T-cell cytokine toward a
nonallergic phenotype. Native allergens utilize IgE-facilitated antigen presentation by
dendritic cells and B cells, which activates T cells to produce Th2-type cytokines and B cells
to produce further IgE in a secondary response. In contrast, B-cell epitope deleted allergens,
which do not bind IgE, do not initiate effector cell degranulation. They utilize phagocytotic or
pinocytic antigen uptake mechanisms in dendritic cells, macrophages, and B cells (74). T cells
may be subsequently induced to generate a balanced Th0/Th1-type cytokine pattern in lower
quantities as well as T-cell tolerance, which involves Treg cells. Accordingly, targeting T cells
and bypassing IgE by modified allergens will enable the administration of higher doses of
allergens, which is required to induce T-cell tolerance without the risk of anaphylaxis (74).

Therefore, immunotherapy using peptides (PIT) is an attractive approach for safe SIT.
Induction of T-cell tolerance and increased IL-10 production has been demonstrated both in cat
Fel d 1 and bee venom Api m 1 PITs (75). A potential barrier to PIT is the apparent complexity
of the allergen-specific T-cell response in terms of epitope usage and dominant epitopes in
humans and stability of peptides.

Genetically engineered recombinant hybrid molecules that span the whole T-cell
repertoire, but do not bind IgE, have been developed to overcome these problems. Folding is
complicated by the formation of intra- and intermolecular disulfide bond formation in
cysteine-containing proteins, whereas any formed disulfide bond can fix the conformation
and limits the freedom of further folding. The probability of a correct or native-like folding
rapidly decreases due to the increasing probability of incorrect disulfide bond formation
with increasing numbers of cysteines. A fusion protein consisting of the two major allergens
of bee venom, Api m 1 and Api m 2, has been generated to investigate this concept.
Destroyed conformational B-cell epitopes, but intact T-cell epitopes of the two allergens/
characterize this protein. By providing decreased allergenicity with preserved T-cell
tolerance inducing capacity, the Api m [1 /2] fusion protein represents a novel vaccine
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ROLE OF HISTAMINE IN IMMUNE REGULATION

In addition to its dominant role in type I hypersensitivity reactions, histamine influences

several immune/inflammatory and effector functions (86,87). Histamine can selectively recruit

the major effector cells into tissue sites and affect their maturation, activation, polarization, and

other functions leading to chronic inflammation (88). Histamine also regulates monocytes,

dendritic cells, T cells, ànd B cells, as well as related antibody isotype responses. The diverse

effects of histamine on immune regulation appear to be due to differential expression and

regulation of four types of histamine receptors and their distinct intracellular signals (86,82). In

ad-dition, differencói in affinities of these receptors for histamine are highly decisive for tl-re

biological effects of histamine and drugs that target histamine receptors.'Histamine 
possesses all the properties of a classic leukocyte chemoattractant, including

agonist-induced àctin polymerizaùor-t, mobilization of intracellular calcium, alteration in cell

,Èup", and upregulatión of adhesion molecule expression. In vivo, allergen-specific wild-type

but not HlR-deflcient CD4+ T cells were recruited to the lungs of naive recipients following

inhaled allergen challenge (BB). Histamine inhibits neutrophil chemotaxis due to H2R

triggering, *hi.h is mimicked by impromidine (H2R agonist) but not by betahistine (H1R

ugór,lrt) (Sq). Hittamine contribuies to the progression of allergic-inflammatory resPonses by

"ihun."*ent 
of the secretion of proinflammatory cytokines such as IL-7t,IL-18, IL-6, as well

as chemokines such as RANTÉS or IL-8, in several cell types and local tissues (90-93).

Histamine induces the CC chemokines, monocyte chemotactic protein 1 and 3, RANTES, and

eotaxin in explant cultures of human nasal mucosa via H1R, suggesting a prolonged

inflammatory cycle in allergic rhinitis between the cells that release histamine and their

enhanced migration to nasal mucosa (94).
Immunóregulatory effects of histamine on antigen-presenting cells such as dendritic cells

and monocytes àre known. In monocytes stimulated with TlR-triggering bacterial products,

histamine inhibits the production of proinflammatory IL-1-like activity, tumor necrosis factor
(TNF)-a, lL-72, and IL-18, but enhances IL-10 secretion, through H2R stimulation (90,95-97).

Histamine also downregulates CD14 expression via H2R on human monocytes (98). The

inhibitory effect of histamine via H2R appears through the regulation of ICAM-I and B7.1

expressión, leading to the reduction of innate immune responses stimulated by lip,

opolyru..haride (qé). Uistamine induces intracellular Ca2* fiux, actin polymgn_zation, and

cÀemotaxis in immature dendritic cells due to stimulation of H1R and H3R subtypes'

Maturation of dendritic cells results in loss of these responses. ln maturing dendritic cells,

however, histamine dose dependently enhances intracellular cAMP levels and stimulates IL-l0

secretion, while inhibiting production of IL-12 via H2R (100). Although human monocyte-

derived dendritic cells express both H1 and H2Rs and can induce CDB6 expression by

histamine, human epidermàl Langerhans cells express neither H1 nor H2Rs, mainly because of

the effect of TGF-p (101).
The balance between production and death is important in the control of cell numbers

within physiological ranger. C"ll accumulation in the tissues may be a consequence of either

increaséd 
-cell 

pioduction or decreased cell death. Because apoptosis of cells is a powerful

mechanism foideleting the cells, it raises the interesting possibility that unequal apoptosis of

effector cells may lead to preferential deletion of one subset over another (102). The effect of

histamine on thé life span of immune-competent cells has not been investigated so far. Soga

and colleagues show that histamine affects monocyte life span via the H2R. Tirese findings

provide udditio.,ul evidence supporting tire immunomodulatory effect of histamine on

monocytes. Histamine prevents monocytic apoptosis in a dose- and time-dependent manner

and this effect is mediaied by the H2R and cAMP pathway. (103). This phenomenon results in

part from the histamine-induced endogenous production of IL-10. These results mav indicate

ihat the H2R signals prolong the life span of monocytes and infiltration to the site of

inflammation in modalities such as chronic allergic disorders, including asthma and atopic

dermatitis. In addition, studies suggest that histamine may play an important role in the

modulation of the cytokine network in the lung via H2R, H3R, and H4R that are expressed in

distinct cells and cell subsets (104,105). Apparently, due to the same signal transduction

patterns, B2-adrenergic receptors may function similarly to H2R in humans (106).

Endog"no.tr histaminè is actively synthesized during cytokine-induced dendritic cell

differentiuti,o.r (107). Histamine actively participates in functions and activity of dendritic cell



'5j ro1cel qynorO 0urnrro;suerl 'il-lC1

:,:-uorepolul 
":-Nll 

:urìnapolur '11 l7 toldecor ounttelsrq '79g lsllec ctlupuap 'CC:suoqet^aJqqv'(uorsse:ddns :aul
pallop 'uolle^tlce :aq plos) d-rcl lo lca#o enrssarddns aql soletlualod pue 'uorlcnpoid 

o L-ll socnpur 'sesuodsa.

ZqI pue Ltll tlloq sele;nOet {lent1e0au ZUH'sllac Zql ul uorlcnpord 0L-ll pue t-ll sassarddns'uorterolrlolc
1o tole;nOet entle6eu e se slce ZUH 

'slloc 
Lql ul uorlcnpord ,1-p31 pue uorlerelr;ord pesealcur saonpur tUH 

'ZUlr

1o uotssatdxa raq6rq e Moqs sllac Zqt seoiaqm 'LHH 
lo uorsseldxa lueuruopald nnoqs sllac Lqf 

'a;or enrssarddns
e sAeld ZUH searoqnn 'Allcedeo 

CdV pasearcur pue A1rnrlce fuoleruureq;urord acnpul eHH pue fUH 
'sroldece.

autuelsttl umouì lle sassardxo CO 
'uorlereue6 

11ec 6er1 ol olnquluoc laqunl Aeu.r qcrqnn '39 6urcnpord-O l--lt ol CC
lo uotlernlEu ot-lÌ sìJofe 0L-ll 

'arouraqunl'ZUH oL1] q6norql sesuodsar ZqI pue Lqt Llloq sasserddns pue CC
u! 0L-ll socnpur {6ta11e lo slloc Jo}collo u.rorl our,!els!r-.llo oseolol pollolluoc oql'sanssrl gerlaqlrdaqns pue sueOtc
ctleqduÀ; ut sllac I pue s;;ec Outluesetd-ua6rlup lo suorloun; fuoleuruEllur or-,ll sele;n6a.r ourr.uelsrH g a,rnbr3

slls31 Fuqaras
-0 L-ll jo luaurdols^ap sprB pue uo0Euessjd

-us6[ue sassaJddns' uonsn poJd
0L-11 $asnpur euH"6ulurud LrJl pue

{;:eder 6uguasa:d-ueOnue saseaJOUl LUH

s! tl-Js1,o tca$s
aArsssJddns oql pue

0 t-lllo uCIrl3npord aq0
sasuequa auruelsrH

*** I : *eq&* 
t e

"sfuvF
. .64Él.eB*,. 

,.

ffi;F
uo[Brq]rlo.rd 1|ac eql pue

uoqtnpord g;.-19 pue
t-ll sassa.rddns 7yg

l3a$a sr$
sszluo6elue

eUH'uolleralrlord 11e
fql pue uollsnpoJc

l,-NJl sosuequa !Ur-

IIAJ JrlrJpuap lo -\lr .,ì

IIaJ rrlrrpuap parr..:
'(901 t s ':r

uorlJnpsuerl leui'r.
ur passa-rdxa aJp lL,.;-
aql ul aloJ luPllLìri,-
trdole pue uruì.llsrr :

JO alrs aql o1 rir.rl::.
aleJrpur deu s11nsa:
uI sllnsal UoUaLULrr:: -
JauuPur luapuadar.-.
uo aurtuelsrll lo :-- -

s8urpury asaqJ U:-
uSog 're; os pèlp:::*

Jo lrajJa aqJ '(z0l ^'

;o srsoldode Ienl'r..i: :'

1n;rarr,rod P sr sllar :
rarllla 1o aruanlrasL:,'
sraqunu IIaJ Jo lru:,.

Jo asneJaq dlurer,u sv
dq uorssardxa 95-g_-t
-aldrouor.u uptunL{ L-:

0l--ll salelnurrlS f'rrru ,
/sllal )rlrJpuap 3r.rr::-.
'sadftqns yg11 Frr,-'
pue /uotlPZIJèLLI.i',.:

-dlt lq patpplrlrr:-

t'lg pue t-t\Ylt :
aqJ'(86) sal.i-rt.ru,.,,-
' (16-96' 06) rrorl PTi..-- .-
JOlf, eJ SISOJf,AU lrì'i.- :-.,
'slrnpord 

lPrJèl--rp;. -:,
sllal )rlrJprrofi gp 1;11-.,

Jlaql pue aururPlsr.;
pa8uolord u 8ur1sa.-
puu'SIIJNVU'€ f-u':
'(î,6-06 sanssll IP-r(r-
IIaM se'9--II'fJ l-ll r,
dq sasuodsal ^rolplrì.

UtH) aurlsrLlplaq \J.

AIZH ol anp SIXPIt-tLì
8urrr,ro11o; sluardrrar ;
ad,{1-p1 r,u l;rrads-ua:

IIa) Ur UOTJPJaIIP ',rut.,ì

Surpnpur'1ue1rer11eo.

aLll ro; anrsr)èp .i1t1:r
ul' (lB' gg) sleuSrs :uin
pue uorssardxa Iprllr:
asJalrp aq1 'sasuods:
'salbouotu salelnFar
pue'uoqezrlelod'trt,r:

lrnJJaJ lyanrlralas upl
sa)uanuur aururPlsrli

lr*B\

tUH en pqenualod É'8rXri +: eutUiel$lH rrrrù
sl d-Jetll0 l3allg \#y 

s6&sssÈ6*È*j*;***nxsx@

IPIlLraraJJrp rrat{l ol anp sadft roldarar Jo suo4)unJ lJurlslp rlll^,\ ualsds pala)eJqlnu :-

alnlllsuoJ s"toidarar aultuelsrtl luaJaJJrp JnoJ pue aunue+srq'uorsnl)uo) uI'(€'3rg) aurtuulsr-
.,(q suorlrtrn; d.roler.uurelJur Jo Iorluo) aql ul ursrupq)au d;oleln8ar luelrodtur uu JoJ lunorri
^Put sllar J pue sllar rlllrpuap qloq uI uorl)npord g1-11 pasear)ul '(€ll) 

57g q8norlll uorlar-ìa-

0t--II soJnpul uollelntulls aululelsrq'arourraqynC'sllal ZrlJ uo lou lnq lq1 uo uorssardr-

ìIlH sasuarrul dlluerg;1u81s uoqelnurrts €-TI 
'uorlrppe uI 'saurloldr 

ZqJ pue lqJ {1tr,-
Jo LIoItPInBardn ̂^oqs af,Iur palalap-UzH '(€l--II pue t--ll) saurloldt ZqI Jo uorlar)as lueururc:
pue ,i-11gl Jo uolssarddns uI sllnsar dlH Jo uoqalap 'arrlu uI '(Zl1) sleu8rs relnlla)€rl':;

Iurlluaq)olq luaraJJlp Jo uorlelrlrp ol anp 'UZH lq paleln8a; llarrqe8au are sasuodsar ad.'.-
-Zr.lJ puu -ltll qloq sparaLlm'UlH aqt 3uua33r4 lq sasuodsar adft-1q1 saruequa aunueJsru
'èIZH 

Jo uolssardxa paseaJJul zrtotls slla) ZrlJ allqm 'UlH 
Jo uorssardxa arrrsnlJxa lou lr.-

luuultuopard .^,toqs slla) [LII 
'(Ztù uortulnrur]s aurur€lsrq Sur.r,rolloJ sasuodsar 11ar-1 lerordrr;-

alllLuralap sllar ZqJ pue lqJ uo uorssa-rdxa roldarar aururplslq Jo surallud lequara;;rq
'ÍLL'001'96) sllar zrlJ ro sllar '

Sunnpord-g1-TI sa)npur pue 'uoqrnpord 
0l-TI saJupllua 'dlneder uor+eJuasa"rd-ua8rlue :,- -

alnJalou aarssa;ddns e se spp UZH'1su"r1uol u1 'l1rnrlre Surtuud-ILII pue dineder uorleluasaj:
-ua8rluu asuarrul leLll sluelnruqs anrlrsod se +)e U€H pue UIH's11ar )rlrrpuap pa,\rre:-
-allrouotu;o ssaro;d uollelluaraJJrp aql u1 '.,(larrrlradsar /slla) 

ZLII pue lql Jo luaudolanap a---
salulllr)eJ urnl uI q)lqm 'sad,,fiouaqd 

Z IIa) )rlrrpuap pue I IIa) Jrlrrpuap arrnbre pL:.
sros.rnrard proqdrudl pue r46ouoru urorJ arnluu d".ll '(0ll-S0l) sroldarar aunuplsì-
JnoJ IIu ssardxa slla) JrlrJpuaq 'surJoJ aJnleur pue arnleururr Jrar{} se IIaM se sJosJnrai:

rldetatlpunwwl uaîtally pnAu4qng o1 sasuodsag u0o1ounu, * t8

s
4.,'{*u,r.*g

,1*
ffi %&^ o

l\ 
*..í:.J



expression, which changes according to the stage of cell differentiation and influences of the
microenvironment. These mechanisms are open to be used in the search for new adjuvants
for SLIT.

CONCLUSION

There is growing evidence supporting the role for Treg cells and/or immunosuppressive
cytokine, IL-10, and TGF-F as a mechanism by which SCIT, SLIT, and healthy immune
response to allergens is characterized by suppression of Th2 responses, ensuring a well-
balanced immune response and a switch from IgE to IgG4 antibody production. More studies
are required to clarify mechanisms of action of SLIT. Nevertheless, the currently known
mechanisms such as generation of Treg cells can be better used for the improvement of current
treatment modalities using recombinant allergens or peptide therapy. The elaborations of more
efficacious methods, including rapid protocols and targeting histamine receptors, also hold a
promise for further development.

SALIENT POINTS

o Generation of Treg cells and peripheral T-cell tolerance is an essential event in allergen
tolerance.

o Regulation of allergen-specific IgE and IgG subtype responses occurs during
allergen-SIT.

o Immunosuppressive cytokines, IL-10, and TGF-B play a role in the mechanisms by
which SCIT and SLIT respond to allergens. This is characterrzed by suppression of Th2
responses and ensuring a well-balanced immune response and a switch from IgE to
IgGa antibody production.

r Novel adjuvants are required to improve efficacy of SCIT and SLIT.
o Understanding the role of histamine in immune regulation opens a window for future

therapies.
o Known mechanisms such as generation of Treg cells can be used to improve current

treatment modalities using recombinant allergens or peptide immunotherapy.
o The elaborations of more efficacious methods, including rapid protocols, hold promise

for future development.
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