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Figure 1 The effects of immunotherapy on T-cell responses: immunotherapy readdresses the balance between
Th2nfi  responses, in favor of Th1 responses. An increase in lL-10 and TGF-p-producing T cel ls, possibly
regulatory T cel ls, has also been reported. lL-10 direct ly inhibits act ivat ion of inf lammatory leukocytes including
T cel ls, mast cel ls, and eosinophils. Addit ional ly, lL-10 favors lgG4 production, which can block lgE-dependent
pathways of effector cell activation.

oligodeoxynucleotides, which act through toll-iike receptor-4 and receptor-9, respectively.
Alternative strategies include the use of allergen-derived peptides or modified recombinant
allergen vaccines. These aim to maintain the beneficial effects of vaccines while minimizing the
immediate IgE-dependent complications, which currently require SCIT to be conducted
cautiously and under specialist supervision.

THE ALLERGIC RESPONSE

Early and Late Responses
Experimental allergen exposure in the nose, eyes, or bronchi leads to development of mast
cell-dependent sneeze, itch, watery discharge, and bronchospasm, maximal at 15 to 30 minutes
and resolving within 1 to 3 hours. This "early response" is triggered by activation of mast ceils
through cross-linking of allergen-specific IgE molecules pre-bound to high-affinity IgE
receptors (FceRI). The sequela of this activation is the release of numerous preformed and
newly synthesized mediators, including histamine, tryptase, TAME-esterase, bradykinin,
leukotrienes (including LTCa, LTD4, and LTEa), prostaglandins [including PGF2. and PGD2
(specific for mast cells)1, and platelet-activating factor. These mediators collectively induce
vasodilatation, increased vascular permeability, mucosal edema, increased mucus production
from submucosal glands and goblet cells within the respiratory epithelium, and smooth
muscle contraction in the lower respiratory tract.

In a proportion of individuals, the early response resolves to be followed by a late
response. Airflow obstruction is usually the predominant symptom in both upper and lower
airways. Skin challenge testing provokes similar cutaneous early and late responses with
wheal and flare followed by late-onset localized edema and tenderness. Late responses are
maximal at 6 to 12 hours and resolve within 24 hours. The late response is characterized by
recruitment of eosinophils, basophils, activated T cells, and dendritic cells to the site of ailergen
exposure. These activated leukocytes are a rich source of potentially pathogenic mediators
such as Th2 cytokines (IL-4,IL-s,IL-9, and IL-13), which modulate inflammatory cell function
and upregulate adhesion molecule expression and B-cell IgE synthesis. The late response is
also at least partially dependent on lgE-mediated mechanisms since anti-IgE therapy
(omalizumab) is associated with inhibition of cutaneous allergen-induced iate responses in
addition to early responses (1). The immunopathologic changes in the mucosa during the late
response are largely representative of those seen during "natural" chronic allergen exposure
(".9., during the pollen season).
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Till and Durham

EFFECTOR CELL RECRUITMENT

Mast Gel ls and Basophi ls
Nasal scrapings from children receiving house-dust mite immunotherapy reveai reductions in

metachromatic cells, which are likely to have been mast cells (8). Seasonal allergic rhinitis

induced by grass pollen exposure is also associated with migration of tryptase-positive mast

cells into the nasal mucosa but did not appear to be inhibited by immunotherapy (9).

Reexamination of mast cell numbers using the c-kit/stem cell factor receptor transmembrane

tyrosine kinase as a marker subsequently revealed a marked recruitment of c-kit* cells during

tire pollen season, which is suppressed by immunotherapy (10) (Fig. 3). In the same study,

t-rorol mucosal expression of mRNA encodinglL-9, a growth factor for mast cells, is also lower

in immunotherapy-treated patients. Basophils were examined using the 2D7 monoclonal

antibody in the nasal mucosa of grass pollen immunotherapy patients during natural exposure
(9). No effect of treatment is seen on basophil numbers in the lamina propria. However,

infiltration into the epithelium could be demonstrated in approximately 35"h of placebo-

treatecl rhinitis but only 5o/o of immunotherapy patients. Thus, data exist to suggest that

immunotherapy could act to reduce the seasonal recruitment of both mast cells and basophils

into the nasal mucosa.

Eos inoph i ls
SCIT is also associated with reduced eosinophil recruitment into tissue after allergen challenge.

For example, reductions in the cutaneous late response to grass pollen allergen provocation are

oc.o-potlied by a trend for lower eosinophil numbers in skin biopsies (11) Ragweed

immunotherapy is also associated with lower eosinophil numbers in nasal lavage fluid

collectecl during ragweed-induced nasal late responses (72). In the nasal biopsy model,

mucosal eosinophils were also examined after grass pollen immunotherapy. Treatment is

associated with inhibition of eosinophil recruitment both during the allergen-induced late

response (13) and natural seasonal exposure (14). In contrast, the available data suggest that

mucosal neutrophil numbers are not affected by immunotherapy. The effect of immunother-

apy on lower air*ay eosinophilia was also examined in subjects with birch pollen-induced

sèasorral asthma (15). Bronchoalveolar lavage was examined for eosinophils and eosinophil

cationic protein (ECP) during the birch pollen season. Treated subjects develop less lung

P = 0'004
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Figure 3 Effects of natural seasonal grass pollen exposure and immunotherapy on numbers of c-kit+ mast cells

in the nasal mucosa. Nasal biopsies were col lected outside the pol len season before immunotherapy (pre) and

during the peak of the pol len after immunotherapy or placebo treatment (post).  As a further control,  biopsies were

also collected from a cohort of nonatopic subjects during the peak of the pollen season (controls). The right panel

shows an example of nasal biopsy section immunostained with a monoclonal antibody specif ic for c-kit .  Source'.

Adapted from Ref. 10.
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responses are suppressed by newly induced regulatory T cells

presentation by IgG.

Till and Durham

or through inhibition of antigen

IMMUNE DEVIATION

A body of evidence suggests that immune deviation of T-helper responses occurs in successful

immunotherapy, thou[t no consistent pattern of change has emerged that is common to ali

studies. Many in vitro-studies of peripheral blood T cells from immunotherapy patients llave

identified reductions in proliferative iesponses to allergen, usually in conjunction yith a shift

in the patterns of cytokine production fróm aTh2/0 toward Th1/0 profile (30-33). Others have

not succeeded in reprodrcìng these findings, reporting no changes in proliferative responses

or cytokine produótlon foilòwing SCIT (3417). Potential reasons for these discrepancies

include variations in laboratory methodology and lack of standardisation of allergen extracts

used for SCIT. Another possibie explanatio.t is that inhibition of Tteripheral T-cell proliferation

and Th2 cytokine produition is nof required for immunotherapy, 1t-td these responses poorly

reflect the critical immune interactions and responses in lymphoid and mucosal tissues.

The effects of immunotherapy on the cytokine profile of T cells recruited into tissue have

been investigated (35,36). Nasal mucosal biopsies pérformed during the allergeruinduced late

response of 
"grass 

pollen immunotherapy patients reveal increases in IFN-;' mRNA-expressing

cetts (ta). Thé relevance of this finding ir rùpported by the inverse correlation between numbers

of IFN-7 mRNA* cells and clinicai syÀptoms.-A potential inducer of IFN-; expression by mucosal

T cells is IL-12 (3g), and there is bviàence thai this mechanism may operate in grass pollen

immunotherapy. Skin biopsies collected during the cutaneous late response were,examined

for IL-72 mRNA by in siiu hybridization (39)-. In immunotherapy bt l9t 
placebo-treated

patients, there is cóncomitant late-response suppression and IL-12 mRNA expression. The

iatter correlates directly with IFN-j,, anà the principal sources of lL-12 mRNA are the CD6B+

macrophages. Similu. rt.rdi.r demonstrate thàt immunotherapy significantly inhìbits seasonal

increases in IL-5- and IL-9 mRNA-expressing cells in the nasal mucosa (10,14). These studies

underline the probable relevance of studying iend organ" immun-e responses rather than in the

peripheral blood, particularly for diseases induced by inhalant allergens such as grass pollen.

Regulatory T Cel ls and lL-10
Studies abó suggest that SCIT induces regulatory T cells that are able to modify a]!rg_en-sP!c1fic

T-helper cell re"s"ponses. One subset of re-gulatory cells, first identified as CD4+CD25+ cells by

Sakafuchi (40), upp"u. to arise predomino"Uy in the thymusa_nd express the transcription factor

Fo*p5 (41). The 
^inhlbitory 

próperties of human CD4+CD25+ celis in vitro and in vivo are

described in numerous stud^iet (+Z) and depend, at least in part, on cell-cell contact. Functional

roles for membrane cytotoxic T-lymphocyte-associated protein 4 (43), surface-bound trans-

forming growth factor-beta (TGF-ù tqq, and the glucocorticoid-induced tumor necrosis factor

receptoí ícrrnl (45) have been proposed. These cellr app"ar to regulate allergen-specific T-cell

."rpor,r", in healthy nonatopic inaiviauah. In contrast, in subjects with allergic rhinitis, purified

CD4+CDZS+ T cefs fail to iuppress activation of CD4+CD25- T cells by grass pollen allergen

(46). An additional populatiot òf "inducible" regulatory cells, often referred to as Tp1 cells, has

also been described. Inducible regulatory T cells are generated in vitro through stimulation

(4749) and are classically describéd as not expressing Foxp3 (50), suggesting that these cells

represent a subset distinct from the naturaliy occurring CD4+CD25+ regulatory T cells.

Inàucible regulatory T cells can produce cytokines such as IL-10 and TGF-B, both of which have

important immunomodulatory properties.
Expression of IL-10 bi T cèlls after SCIT is a consistent finding of several studies

(g7,37,5i). [-10 is express"é t y both Th1 and Th2 cells, B cells, monocytes, dendritic cells,

mast ce1ls, and eosinophils ànd is associated with protection from immune-mediated

pathotogy in diverse ,.,.t.ir't" disease moclels, including puia91a1y allergy (52). IL-10 acts on

b cells ó ir-,d.r." production of IgG4 in the presence of IL-4 (53). In addition, it has numerous

potential antialleigic propertiesl including^ inhibition of mast cell activation by IgE (541r

th2 cytokine prodictión, including rL-s Gl), and induction of T-cell hyporesponsiveness (55)

through Il-lii receptor-dependeni blockade of CD28 phosphorylation (56)' The latter is an

essential costimulaio.y puinway for T cells during antigen-induced activation by APC.
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Till and Durham

cells stimulated with a toll-like receptor 9 agonist express ICOSL ligand- and induce

differentiation of rnl cells from naive Î' cells in vitro (60). Furthermore, cross-linking of the

high-affinity IgE receptor (FceRI) onplasmacytoid dendritic cells by allergen also induces IL-10

eripressio', (orj. Althóugh these mechanisms are not directly demonstrated in immunotherapy,

they do illustrate how aendritic cell subsets could provide the necessary tools to induce T-cell

[-i0 responses following allergen vaccination'

NOVEL IMMUNOTHERAPY STRATEGIES

Immunotherapy performed with modern vaccines is a relatively safe form of treatment in

trained hands. However, administering native allergen to IgE-sensitized individuals can

trigger both local and systemic reactións. Immunoùrerapy iegimes therefore tend to be

cautious, involving ,l.r*érors injections of gradually inciéasing allergen- do-t:: performed

under specialist strlervision. The ii* fo, ,lorr".-l immunotherapy strategies. should be to reduce

the potential for IgE-mediated side effects while exposing patients to fewer injections and

making fewer demands on resources'

Circumventing lgE-Mediated Side Effects

The first categorli of novel therapies is based on the hypothesis that immunotherapy works

primarily through stimulating T cells at high antigen^ doses and that this directly leads

to regulatory T-Ieil inductior,. Thi, class of therapiei ls.also.based on the assumption that

IgE-dependent mechanisms mediate immunotheràpy side effects but are not necessary for

vaccine efficacy. strategies tested include genetically modified. allergen proteins with reduced

IgE binding but intact"T-cell epitopes. Fòr 
"*u.npi", 

recombinant fragments of maior birch

pollen allergen Bet v1 have been generated with minimal allergenicity in cutaneous and nasal

challenge models (62,63).These rJcombinant proteins successfully induce Bet vl-specific Igcl

and IgG4 responses that block basophil histamine release triggered by exposure to.wild-type

Bet v1 (64). Another approach is the use of allergen-derived peptides that stimulate T cells but

that cannot cross-li"t igE. Overlapping peptides"representing the cat allergen Fel d1 have been

examined in small clinical studiei witl^promisingìesults (65). Finally, a randomized double-

blind placebo-controlled trial examined ìhe value-of pretreatment with a humanized anti-IgE

monoclonal antibody (omalizumab) on side effects in a rapid updosing ("rush") protocol of

ragweed immunotherapy (66). Such accelerated immunotÎrerapy regimes balance increased

convenience and comptiince with a higher risk of systemic reactions. omalizumab resulted in

a fivefold reduction in the risk of unuitlytuxis during the one-day rapid updosing period'

Adjuvants
The second category is based around the use of adjuvants to.potentiate the Immunologic

effects of vaccination with whole allergen proteins. Ideally, srrch adjuvants should not only

potentiate Th2 to Th1 immune deviatio"n, but should also favor induction of regulatory T-cell

responses. The type-B immunostimulatory phosphorothioate oligodeoxynucleotide 5'-

TGACTGTAACGTTCGAGATGA (ODN-101é) *ut àsted in ragweed-stimulated peripheral

bloodmononuclearcel ls(PBMC)responses.I tpromotesThlcytokineandl l - - l2responses.at
the expense of Th2 cytokine production. fiis activity could be further enhanced by

conjugation of ODN-10i8 with ìhe malor ragweed alleigen, Amb a7' ir-7)' A functionally

similar type-B phosphorothioate oligodeoxynricleotide (oÚN -200Él activates human plasma-

cytoid dendritià ceils through the toil-like r'eceptor-9 and induces regu-latory T cells (60,68)' A

randomized double-blind ilacebo-controlled pnur" 2 tnal examined the effects of six weekly

injections of the oDN-10ig-Amb a1 conjugate on ragweed-induced allergic rhinitis (69)'

Treatment is associated with improvement-in peak r"urór-, visual analogue, nasal,.and quality

of life symptom scores. Anothàr chnically tèsted adiuvant- is. monophosphoryi lipid A' a

derivarive of bacterial lipopolysaccharide. Monophoéphoryl lipid A acts through ttl-lil:

receptor-4 to induce tl-1zpòduction and promoteiht i"rpot-rt"À to allergen by human PBMC

(20). ln a randomized double-blind placèbo-controlled study, a vaccine containing molo-

phosphoryl tipid A and tyrosine-absórbed glutaraldehyde-modified extracts of grass pollen

(pollinex euattro " ) reduces hay fevercy-ptorrrs and increases allergen-specific IgG when

administered as four preseasonal injections (71)'
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