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Abstract Allergy in patients with atopy is caused by clinical adverse reactions to envi-

ronmental antigen, which is often associated with allergen-specificimmunoglob-
ulin (IQ)E production. Since allergy reflects an inappropriate immunological
reaction, atherapeutic approach related to immunology is likely to actively alter
the natural course of alergic disorders. Allergen immunotherapy, known at var-
ious times as desensitisation or hyposensitisation, is very recently defined by the
World Health Organization as therapeutic vaccines for allergic diseases.

At present, it has become a common clinical practice in selected patients for
the treatment and prevention of the recurrence of alergic disorders caused by
insect venoms and has proven to be effective in changing the course of alergic
responses induced by grass and tree pollen, animal hair and dander, house dust
mite and mold, as demonstrated by improvement in clinical symptoms, skin prick
test and medication scores. Reported effects of allergen immunotherapy on the
natural course of alergic disorders include (i) prevention of reaction following
re-sting ininsect venom alergy; (ii) prevention or decreasetherate of the natural
progress of allergic rhinitis to asthma; and (iii) inhibition of new sensitisation in
monosensitised children.

Many aspects of the immune responses associated with allergic disorders,
including antibody production, cytokine secretion, T cell activation and local
inflammatory reactions, are found to be significantly atered during and/or after
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immunotherapy. Specifically, the ratio of allergen-specific IgG4 to 1gG1 corre-
lates well with positive clinical outcome caused by allergen immunotherapy in
patientswith pollen-allergy. Allergenimmunotherapy affectsthe cytokine profile
of allergen-specific T cells and switches TH2 type immune responses in patients
with atopy towards THO or TH1 type responses. Although the changes in the
absolute value of TH1 or TH2 cytokines appear quite variable, the increasein the
ratio of THL/TH2 cytokinesisvery consistent among published reports, especially
in the late stage of treatment.

Accumulating evidence indicates that appropriate immunotherapy prevents
the onset of new sensitisation and prevents the progress of alergic rhinitis to
asthma. Although the changes in B cell and T cell responses, especidly 1gG
antibodies and THL/TH2 cytokine production, may be the major mechanism un-
derlying the clinical efficacy of alergen immunotherapy and the prevention of
the development of allergic phenotypic changes, multiple mechanisms may be
involved in the outcome of alteration of the natural course of allergic disorders.

Allergic disordersrefer to clinical adverse reac-
tions to environmental antigens (allergens), which
are often associated with allergen-specific immu-
noglobulin (Ig)E production. The current practice
for treatment and prophylaxis of alergic diseases
consists of (i) environmental control; (ii) pharma-
cological management; (iii) public education; and,
in selected cases, (iv) allergen immunotherapy. Al-
though avoidance of allergensisthe most effective
means to prevent alergic reactions, it is often dif-
ficult to achieve, especialy for inhalant allergens.
Pharmacol ogical management, using drugs such as
topical corticosteroids, bronchodilators, antihista-
mines and other antagonists of vasoactive media-
tors released from mast cells and basophils has
proven to be highly effectivein the prevention and
control of allergic symptoms, but it can not cure or
alter the natural course of allergic diseases.

1. Rationale for Allergen
Immunotherapy

Sinceallergy reflects an inappropriate immuno-
logical reaction, a therapeutic approach related to
immunology is likely to actively ater the natural
course of alergic disorders. The largely empirical
devel opment of allergenimmunotherapy happened
in an erawith little knowledge of immunology. As
early as 1911, Noon and Freeman!2-2l reported that
serial subcutaneous injections with gradually in-
creased doses of pollen extracts ameliorated the
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symptoms associated with grass pollen-induced al -
lergic rhinitis. Thistherapeutic approach, known at
various times as desensitisation or hyposensitisa
tion and more commonly as allergen immunother-
apy, is very recently defined by the World Health
Organization as therapeutic vaccines for allergic
diseases.l3l

In general, conventional allergen immunother-
apy consists of the administration of slowly in-
creasing quantities of antigen over an extended pe-
riod of time, up to 3to 5 years. Itsaim isto induce
adegree of clinical tolerance, or lowered sensitiv-
ity to the particular allergen, leading to a decrease
in clinical symptoms and requirement for pharma-
cological medications. At present, allergen immu-
notherapy has become a common clinical practice
in selected patients for the treatment and preven-
tion of the recurrence of allergic disorders caused
by insect venoms and inhalant allergens. In partic-
ular, venom immunotherapy has been accepted as
the standard of care for Hymenoptera-induced sys-
temic allergic reactions.[4! This article reviews re-
cent progress in studying the efficacy of allergen
immunotherapy and the mechanisms of this thera-
peutic approach with an emphasis on its influence
on the natural course of allergic disorders.

2. Efficacy and Tolerability of
Allergen Immunotherapy

Allergen immunotherapy has proven to be effec-
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tive in changing the course of IgE-associated im-
mediate hypersensitivity caused by alarge number
of allergensincluding, but not limited to, grassand
tree pollen,[>19 gnimal hair and dander,!1-14 jnsect
venoms,[41518] house dust mite (HDM)!17-29] and
mol d.[20.21] For most reports, the parameters exam-
ined include improvement in the clinical symp-
toms, skin prick test and medication scores. Typi-
cally, after it has been given for long enough,
allergenimmunotherapy decreasesthefrequency and
duration of symptoms, improvesthe quality of life
and, in some cases, diminishes the requirement for
pharmacological medications in patients with al-
lergies.

Venom and pollens (grass and tree) represent
the most extensively tested allergens in immuno-
therapy. Venom immunotherapy shows more than
90% efficacy!¥ and most double-blind, placebo-
controlled studies using pollens show significant
improvement in clinical symptoms. A study by
Durham et al.[?2] recently showed long term clini-
cal efficacy of grass-pollen immunotherapy after
the discontinuation of treatment in a randomised,
double-blind, placebo-controlled trial. During the
3 years of thistrial, scores for seasonal symptoms
and medication and the late skin response remained
low after the discontinuation of immunotherapy, and
there was no significant difference between pa-
tients who continued immunotherapy and those
who discontinued it. Malling!?®! recently analysed
more than 40 controlled rhinitis immunotherapy
studies published since 1980 and found signifi-
cantly better improvement in clinical symptomsin
the active group than in the placebo group in 80%
of the reported studies.

Similarly, clinically relevant efficacy was doc-
umented in 12 out of the 16 controlled asthma stud-
ies.[23] A meta-analysis of 20 randomised, placebo-
controlled, double-blind clinical trials of alergen
immunotherapy for asthma showed that the com-
bined odds of symptomatic improvement were 3.2
[95% confidence interval (Cl) 2.2 to 4.9] and the
combined odds for reduction in bronchia hyper-
responsiveness were 6.8 (95% CI 0.43 to 1.00),
indicating that allergen immunotherapy is a useful
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treatment option in highly selected patients with
allergic asthma.[24]

2.1 Effect on the Natural Course of Allergy

Reported effects of allergen immunotherapy on
the natural course of alergy include (i) prevention
of reaction following re-sting in insect venom al-
lergic patients; (ii) prevention or decrease the rate
of the natural progress of alergic rhinitis to asth-
ma; and (iii) inhibition of new sensitisation in
monosensitised children.

The best results showing the alteration of the
natural course of allergy caused by allergen immu-
notherapy are documented in insect venom immu-
notherapy. One study?9 investigating the natural
history of insect sting allergy revealed that 220 pa-
tients with a history of venom anaphylaxis had a
reaction rate after the first re-sting of 56%, with
adults having a higher incidence of reaction (74%)
than children (40%). The rate of reaction appeared
unrelated to time interval sincetheinitial sting re-
action and the severity of reaction after re-sting
was correlated with that following initial sting. A
similar rate (50 to 60%) of reaction caused by re-
sting was observed in several other studies.[26-28]

The natural course of insect venom allergy can
be efficiently blocked by venom immunotherapy.
A well-controlled study comparing the efficiency
of venom immunotherapy with placebo demon-
strated remarkable efficacy of the therapy in de-
creasing therate of allergic reaction to adeliberate
sting challenge.l?®! Theallergicreaction ratein pla-
cebo group (12 patients) was 60%, which wassim-
ilar to that shown in other studies, whereas the re-
action was observed in only 5% of the 18 patients
treated with venom immunotherapy following re-
sting. Several other trials have also shown a high
efficacy with venom immunotherapy with few fail-
ures, confirming the significant effectiveness of
thistherapy in altering the natural course of venom
allergy.[30

2.1.1 Long Term Effects

The long term effect following treatment repre-
sents the most typical alteration of the natural
course of alergy caused by allergen immunother-
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apy. Mosbech and Osterballel3! reported that the
clinical effect lasted for 6 years after termination
of immunotherapy. In patients with asthma caused
by allergy to animal dander, the effect of immuno-
therapy using cat or dog allergen extracts was found
to persist for 5 years after termination of immuno-
therapy.l33 More recently, Jacobsen et al.[33 stud-
ied the long term effect of tree pollen extract im-
munotherapy by following up the symptom scores
and skin testsin 36 patientsin 6 years after a3-year
course of immunotherapy. The data showed that
86% of the patients with rhinitis and 68% of the
patients with asthma maintained improvement af -
ter termination of the therapy. The skin sensitivity
of the patients decreased significantly during ther-
apy, and the skin reactions 6 years after the treat-
ment were still significantly lower than the pre-
treatment levels.

Onesignificant aspect of thelong term effect of
allergen immunotherapy is the prevention of the
progressof alergicrhinitisto asthma. A link between
alergic rhinitis and atopic asthma has been dem-
onstrated in numerous epidemiological studies. It
is reported that 25 to 43% of the patients experi-
encing rhinitis naturally develop asthmawithin 10
years,[343% whereasinthestudy by Jacobsenet al.,[33
noneof the patientswith allergic rhinitisdevel oped
asthma over a 6-year period following termination
of immunotherapy. Similarly, astudy carried out in
multiple centres of European countries showed that
the incidence of asthma is significantly reduced
following three years of allergen immunotherapy
in children.[36:37]

2.1.2 Effects in Children

Encouraging data demonstrating the effects of
allergen immunotherapy on the natural course of
allergy also come from a 3-year follow-up survey
carried out by Des Roches et al.I38 showing pre-
vention of the onset of new sensitivitiesin children
with this therapy. The natural course of allergic
sensitisation in children is a gradual development
of sensitisation initially to food allergens followed
by sensitisation to inhalant allergens.[3%-46 Sensi-
tivity to perennia allergensincluding HDM seems
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to appear at an earlier stage than sensitivity to sea-
sonal allergens such as pollen.

The controlled study by Des Roches et al.[3!
followed the development of new sensitisation in
22 children monosensitised to HDM receiving al-
lergen immunotherapy and 22 control children
with monosensitisation to HDM without immuno-
therapy. They found that all those not treated with
allergenimmunotherapy devel oped sensitisation to
other allergens such as animal dander, Alternaria
species or pollen, whereas 45% (10 of 22) of those
in the actively treated group did not develop any
new sensitivity (p < 0.001). This study suggests that
allergen immunotherapy can ater the natural course
of allergy in children monosensitised to an allergen
by preventing the development of new sensitivities.

However, children with multiple sensitivitiesto
allergens do not seem to respond to such immuno-
therapy. A double-blind, placebo-controlled trial of
multiple-allergen immunotherapy in 121 children
with asthmawith polysensitivity to allergens showed
no difference between the active and placebo group
in clinical symptoms, medication, or peak flow rate
over a two-year period of immunotherapy.[41 A
reservation in interpreting the data is that the
method of simultaneous multi-allergen injection
(mix of alergens for injection) used in this study
was different from the standard approach which
delivers single antigen.

2.2 Tolerability

Despite the broadly observed efficacy in prop-
erly selected patients, allergen immunotherapy has
from the beginning presented problems with ad-
verse effects. Controlled trials demonstrate that the
effectiveness of immunotherapy on allergen-induced
symptom/medication score reduction are dose re-
lated, with large doses more likely to elicit clinical
improvement but greatly increasing therisk of ana-
phylaxis.[4849 |_argely because of the increased use
of standardised allergen extracts, recent data show
that, in general, alergen immunotherapy is well
tolerated with rare severe cases of adverse effects.
Maintenance immunotherapy is associated with
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fewer adverse events than the initial treatment or
build-up period.

In arecent retrospective study in Turkey, which
included 1506 patientsreceiving allergenimmuno-
therapy over a 12 year period, there were 125 sys-
temic reactions in 109 patients (1 per 1813 injec-
tions), of which 52.8% were of the skin only and
less than 5% showed hypotension with respiratory
symptoms and skin reactions.[5d Toubi et al.[51
followed-up the adverse reactions occurring in pa-
tientsattending an allergy clinic and found that out
of 280 immunotherapy-treated patients, 37 (13%)
devel oped systemic reactions, of which 70% (26 of
37) occurred during the build-up phase and 30%
(11 of 37) in the maintenance phase of treatment.
Severe adversereactionsdevel oped in 5% (2 of 37)
of the patients.

An interesting study investigating patient satis-
faction with allergen immunotherapy revealed a
contrast of poor opinion and high satisfaction after
treatment, suggesting that the true efficacy and pa-
tient tolerance of allergen immunotherapy are bet-
ter than patients’ expectations in clinical prac-
tice.l52

3. Immunological Changes Following
Allergen Immunotherapy

In addition to the alteration in devel oping clini-
cal symptoms, the underlying adverseimmunol og-
ical reactionsin alergic disordersare also found to
be changed after allergen immunotherapy. Indeed,
the change in immune responses is likely to be the
mechanism underlying the clinical improvement
induced by allergen immunotherapy. M any aspects
of the immune responses associated with alergic
disorders, including antibody production, cytokine
secretion, T cell activation and local inflammatory
reactions are found to be significantly altered dur-
ing and/or after immunotherapy.

3.1 Antibody Responses

The first observed and a commonly measured
parameter indicating immunological changes caused
by immunotherapy is the striking rise in 1gG or
‘blocking antibodies’,[53-5% which is postul ated by
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some to prevent allergen from combining with mast
cell- and basophil-bound IgE and degranulation of
these cells.[5657] Since allergen specific IgE isthe
most typical antibody associated with, and in many
cases mediating, immediate hypersensitivity nearly
al of the reported studies investigating allergen
immunotherapy examined allergen specific IgE
responses during or after the termination of immu-
notherapy.

Decreases in alergen-specific IgE responses are
observed in some studies,[58-6% but more studiesdo
not show significant alteration in IgE responses
following allergen immunotherapy, even when sig-
nificant improvement in clinical symptoms and
medication scores are observed. In comparison, 1gG
antibodies (1gG1 and 1gG4), almost without excep-
tion, areincreased following allergen immunother-
apy. 1gG1 antibody titresoften riseat the beginning
of treatment but tend to declineat | ate phase, whereas
1gG4 titresremain high even several years after the
termination of immunotherapy.[18.60-62] |n addition
to the potential mechanism that excessiveallergen-
specific IgG could ‘block’ allergens binding to the
mast cell- and basophil-bound IgE, 1gG antibodies
induced by allergen immunotherapy caninhibit the
occurrence of serum-facilitated antigen presenta-
tion (S-FAP) at very low allergen concentrations.
This leads to significantly higher allergen thresh-
old concentrations required to induce T cell prolif-
eration and cytokine production, and thus an aller-
gicreaction.[83] Blocking antibodies, especialy 1gG4
could play arole in co-crosslinking mast cell IgE
and 1gG receptors, thereby inhibiting the signal
transduction of high affinity IgE receptor (FCaRl)
for mediator release.l%4 Indeed, several studies
correlate the decreased symptom score with asig-
nificant increasein allergen specific 1gG4 titres.[6566]

More recently, Gehlhar et al.[67] found that the
ratio of allergen-specific 1gG4 to 1gG1, rather than
1gG4 or |gG1 alone, correlateswell with apositive
clinical outcome after allergen immunotherapy in
patients with pollen allergy. They argued that al-
though the measurement of 1gG4 titres has served
as a ‘gold standard’ to assess the effectiveness of
immunotherapy, the increase in 1gG4 titres alone
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only indicates that the immune system is respond-
ing to the treatment, and does not predict the out-
come. A similar, earlier study which used crude
Phleum pratense extracts comes to the same con-
clusion, again emphasising the predi cative val ue of
1gG4 : 1gGL.1%8! |n support of this argument, some
studies show a positive association between 1gG4
titres and treatment failure, instead of improve-
ment_[69,70]

3.2 Cytokine and T Cell Responses

Currently, the most intensively investigated areas
in the immune regulation of allergic disorders and
the immunological changes induced by allergen
immunotherapy are cytokine and T cell responses.
Although deletion of allergen-specific T cells and
induction of anergy by allergen treatment could be
amechanism for the effect of allergenimmunother-
apy, immune deviation (a shift of cytokine produc-
tion patterns by allergen-specific T cells) is more
widely observed.[71.72]

It is now generally accepted that atopic allergy
is associated with active T cell responses to com-
mon environmental allergens that are skewed to-
wards T2 cytokine production, in contrast to the
TH1 skewed responses in normal individuals.[73.74
Tw2 cytokines especialy interleukin (IL)-4, IL-5
and I1L-13 have been found to be critical in the de-
velopment of immediate hypersensitivity. IL-4 is
essential for IgE switch and IL-13, in many cases,
playsasimilar roleto IL-4. IL-5 is crucia for the
respiratory tract eosinophilia observed in asthma
and rhinitis and IL-13 appears important for bron-
chial mucus production.[”s! Using gene knockout
mice, we recently demonstrated that endogenous
IL-10 plays arole in promoting bronchial eosino-
philia and mucus production in an asthma-like
model.[78! In contrast, Tyl cytokines, particularly
interferon (IFN)-y, can inhibit IgE production and
the function of Ty2 cells.[77]

Allergen immunotherapy affects the cytokine
profile of allergen-specific T cells and switches
Th2-typeimmune responses in patients with atopy
towards TH0- or T 1-typeimmuneresponses. When
the changes in the absolute value of individual
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cytokines caused by immunotherapy are analysed,
there have been some discrepancies among repor-
ted studies. Some studies find reduced IL-4 pro-
duction without change in IFNy secretion after al-
lergen immunotherapy,[7879 whereas others show
an increase in IFNy production.[8%-82 The discrep-
ancy may be due to the differences among the re-
ported studiesin: (i) the stimulus used for in vitro
restimulation, i.e. polyclonal or allergen-specific;
(ii) the duration of therapy and the time after ther-
apy; and (iii) themechanismsoperating in different
allergen-specific immunotherapy.

Although the changesin the absolute value of Ty1
or Ty2 cytokines were quite different, the increase
in the ratio of Tyl : Ty2 cytokines appears very
consistent in published reports, especially in the
late stage of treatment.[78.79.83-88] \We reported that
treatment with chemically modified ovalbumin
(OA-POL) inhibited OVA-specific IgE responses
in mice, which correlated with a shift of altered
allergen specific T cell cytokine patterns towards
Th1 responses as demonstrated by asignificant in-
creaseinthelFNy : IL-4 ratio during or along time
after the treatment.[89.90] Benjaponpitak et al .[9%] re-
cently investigated the kinetics of changein cytok-
ine patterns of peripheral CD4+ T cellsin 6 patients
with allergies during conventional allergen immu-
notherapy. They found that the ratio of allergen-
specific 1L-4 : IFNy production by CD4+ T cells
from 4 of the patients receiving immunotherapy
greatly increased during the period when the dose
of alergen was increasing, but decreased (there-
forethelFNy : IL-4 ratio increased) after high dose
maintenance therapy was achieved. In addition,
they found diminished late-phase skin reactions
and allergen-specific IgE levelsin responding (in-
crease of IFNy: IL-4 ratio), but not nonrespond-
ing, individual s over the course of immunotherapy.

Therefore, the Tyl : Ty2ratio, instead of Tyl or
Ty2 cytokine alone, may be a valid indication for
the effectiveness of allergen immunotherapy when
it is examined in the late stage of treatment. It
should be noted, however, that the changesin anti-
body responses after alergen immunotherapy (in-
crease of both IgG1 and 1gG4 and decrease or no
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changein IgE) responses can not befully explained
by either the value of these cytokinesor their ratio
because it has been demonstrated that 1gG4 and
IgE productionisdependent on T2 cytokinessuch
aslL-4and|L-13 andisdown-regulated by | FNy,[92-99]
whereas |gG1 expression is sometimes promoted by
IFNy in humans.[%¢!

Based on the understanding of the central role
of helper T cellsin theinitiation and regulation of
immune responses to allergens, current research is
directed towards improving the efficacy of aller-
gen immunotherapy by targeting T cell responses.
In addition toimproving efficacy, another potential
advantage of targeting T cells in immunotherapy,
such as using modified allergens which can induce
immune deviation in T cell levels without binding
to IgE, isto improvethetolerability of the therapy
because the most important tolerability problems
involving the standardised allergen immunother-
apy are |lgE-mediated events.

3.3 Other Immune Responses

In addition to THL/TH2 cytokine patterns and an-
tibody isotypes, the changes in immune responses
are aso observed in other aspects after allergen im-
munotherapy. One recent study!®” showed down-
regulation of peripheral blood CD4+ and CD8+ T
cell activation after 1-year of allergen immuno-
therapy in grass pollen-sensitive patients with
asthma, demonstrated by reduction of the expres-
sion of 2 activation markers, CD25+ (the p55 IL-2
receptor) and human leucocyte antigen (HLA)-
DR. A significant decrease in CD23+ expression
on B cells was also observed in the study. When
patients allergic to Parietaria pollen were treated
with allergen immunotherapy, the concentration of
tryptase (the most specific marker for mast cell ac-
tivation and mediator release) in nasal lavage after
provocation tests was significantly decreased, in-
dicating a decrease in mast cell reactivity to the
allergen.[98]

The blocking antibodies induced by allergen
immunotherapy also play aroleininhibiting CD4+
T cell activation viaadecreasein serum-facilitated
allergen presentation (S-FAP), which is mediated
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by allergen-specific IgE. A recent study!3! shows
that in patients allergic to birch pollen, allergen-
specific CD4+ T cells are activated by extremely
low allergen concentrations in vivo due to S-FAP.
This S-FAP of birch pollen allergen can be inhib-
ited by long term birch immunotherapy which in-
duces blocking antibodies, resulting in decreased
proliferation of T cells and IL-4, IL-5, IL-10 and
IFNy production by allergen-specific T cells, thus
inhibiting alergen-induced late phase responses.
The inhibition was noted at as early as 3 to 9
months after the start of allergen immunotherapy
and was mediated by the 1gG fraction of the sera
from actively treated patients.

Allergen immunotherapy can significantly in-
hibit eosinophilic inflammation in the airways of
patients with asthma. In addition to inhibiting T2
cytokine production which enhances eosinophilia,
allergen immunotherapy is able to suppress the
production of factors which induce eosinophil ad-
hesion thusinhibiting eosinophil recruitmentin al-
lergic inflammation.[®] Moreover, alteration in
chemokine production such aslL-8, RANTES (the
growth factor Regulated on Activation, Normal T
cell Expressed and Secreted) and monocyte che-
moattractant protein 1 (MCP-1) isalso observed at
various stages of allergen immunotherapy.[107

Taken together, it is possible that specific im-
munotherapy exertsits beneficial effect via multi-
ple mechanisms with variations related to the na-
ture of alergen, the approach of treatment (dose,
time and the route) and the phase of pathological
changes.

4. Conclusion

Allergen immunotherapy is the only active treat-
ment approach that may alter the natural course of
allergic disorders. Accumulating evidence indi-
catesthat appropriateimmunotherapy preventsthe
onset of new sensitisation and prevents the prog-
ress of alergic rhinitis to asthma. Although the
changesin B cell and T cell responses, especialy
1gG antibodies and T1/TH2 cytokine production,
may be the major mechanism underlying the clin-
ical efficacy of allergen immunotherapy and the
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prevention of the development of alergic pheno-
typic changes, multiple mechanisms may be in-
volved in the outcome of alteration of the natural
course of allergic disorders.
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