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EDITORIAL

Immunotherapy — anergy, deviation or suppression?

obtaining an understanding of underlying mechanisms it
may be possible to redesign immunotherapy treatments to
Clinical evidence, reviewed in several official position improve efficacy and reduce disadvantages.
papers, suggests that immunotherapy is an effective mod- There are many steps in the pathway from T cell sensi-
ality for the treatment of allergic rhinitis and venom ana-tization to allergic inflammation where immunotherapy
phylaxis [1,2], whilst there remains controversy regardingmight potentially act (Fig. 1). Immunotherapy has been
its usefulness in asthma [3—6]. The goal of immunotherapylemonstrated to reduce both early and late phase responses
is to alter the underlying cause of allergic disease, namelyo allergen [10,11] and may modify the expression of
inappropriate immunological reactivity to innocuous envir- markers of the inflammatory responses, such as ECP
onmental substances. If this is achievable then the need f¢t2,13], and PAF [14]. The influx of effector cells, such
medications may be reduced or eliminated. It should bes eosinophils [15] into challenge sites may be reduced, as
borne in mind however, that whilst immunotherapy maywell as the number of mucosal mast cells present [16]. The
‘cure’ (permanently?) specific allergies, there has been nalterations in a variety of late events suggests a fundamental
suggestion that it is the answer to the problem of atopychange at an early stage in the pathway, most likely the
itself. underlying T cell sensitization, which then affects a large
The potential for immunotherapy to alter the long-termnumber of downstream events. The major contribution of
course of atopic disease has been hinted at by the demothe T cell to the allergic response has often been considered
stration that immunotherapy, administered early in theto be in providing help for B cells to make IgE. However,
course of allergic sensitizations, may prevent the acquisitiotthe putative linkage of an alteration of T cell function to the
of new sensitizations [7]. In addition, there are tantalizingamelioration of atopic disease, in the face of the persistent
data suggesting that immunotherapy for rhinitis may pre-elevation of IgE, reinforces the notion that T cell derived
vent the development of asthma, signalling a real interrupeytokines play a major ongoing role in allergic inflammation.
tion in the atopic ‘march’ [2,8]. There is no doubt that these
observations require corroboration from larger trials; if
confirmed, they signify a major advance in the understandHumoral mechanisms

ing and treatment of atopic diseases.. Holt_anq Sly [9] have[gE is clearly a central mediator in allergic responses.
hypothesized that clear-cut allergy with hke immuno- g, IgE may initially rise with immunotherapy, but the

logical responses to allergens precedes the onset of atOpl'JCSual seasonal rise is blunted. Eventually, after several years

disease. An important implication of this hypothesis is thatOf treatment, IgE may fall but this occurs well after

desensitizing treatment may need.t.o b? started earIy_, befc’rseymptoms have been reduced. Paradoxically despite the
the development of multiple sensitizations and multiorgal

di h before the devel tof " resence of continuing high levels of IgE, cutaneous sensi-
ISease, perhaps even betore the development ot Sympto ﬁ/ity, as determined by intradermal weal size or skin-prick
certainly a provocative proposition.

sensitivity threshold, is often reduced [15,17,18]. The early
phase response in the target organs (measured after allergen
Potential mechanisms of immunotherapy challenge), known to be directly mediated by IgE, is also

Th hani f acti £i th . i clearly reduced [15,18]. It has been suggested [18] that
€ mechanism ot action of iImmunotherapy in preven Inginterferon—gamma (IFN) production may reduce the
specific allergic reactions remains enigmatic. MOStmforma“lmmediate response by direct effects on mast cell develop-

tion to _date has bee_zn baseql on emp|r|c_al observat|o_n, Oftellﬁent or degranulation, and indeed in some studies increased
made in retrospective studies. Innovative forms of immu-

h based dificati f extract it " IFN has been measured systemically, however, this does not
notherapy based on modilicalion of extracts, aierna IVeFlCCOUl"It for the antigen specificity of the effect.

routes of delivery, low-dose schedules and other forms o One of the most familiar theories for the mechanism of
treatment closer to the fringes of conventional practice havﬂnmunotherapy was suggested by the widely observed
been proposed and in some cases tested, but none hﬁﬁ

d irated helmi q i cina benefits. B ding that antigen specific IgG antibodies particularly of
emonstrated overwheiming and convincing benetlts. By,e IgG4 subclass rise significantly during immunotherapy

Correspondence: Dr P. D. Sly, Division of Clinical Sciences, TVWT [19]' SpeCIfIC IgG was shown to be able to block IgE

Institute for Child Health Research, PO Box 855 West Perth 6872’responsn_/eness [20]’ Squ_e_Stmg th"_it 'mmu_nOth_erapy _aCted
Australia. by inducing allergen specific ‘blocking’ antibodies which
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Fig. 1. Pathways of allergic sensitations and responses to allergen challenge. Effects of immunotheeapyed by immunotherapys,
no change or uncertain (in the case of IgE, changes occur fatejeviation towards TH 1, possible increase in IL-12 from APC.

compete with IgE for the binding of allergen. Whilst there is the addition of IL-2 or IL-15 [37]. In vitro, anergy may be
still some support for this hypothesis framvitro [20,21], induced by treatment of T cells with peptides [38], or
andin vivo[22,23] studies, there is little correlation between stimulation via the TCR in the absence of costimulation
levels of 1IgG and other parameters of allergy in treated 0f39,40], but it is unclear by what mechanism T cell
untreated patients [24,25] and indeed, elevation of totatesponses are inhibited by immunotherapyvivo. It is
IgG4 levels has been associated with treatment failure [26]also unlikely that failure of antigen specific T cells to
Rush desensitization protocols protect effectively andproliferate is in itself the most important mechanism of
reduce skin reactivity [27] in the absence of alteration inthe clinical benefit at least in venom allergy, since anaphy-
IgG antibodies. Longer term studies of house dust mitdaxis is obviously not directly dependent on a T cell
immunotherapy also showed a lack of correlation betweerproliferative response.

clinical response and 1gG4 levels [28,29], and interestingly,

a recent study indicated that sublingual immunotherap;immune deviation

could be efficacious despite the lack of any alteration in

allergen-specific IgG or 1gG4 [30]. It has become evident in recent years that the/TH,
paradigm [41] provides a useful, if not entirely comprehen-
sive [42], framework for understanding the nature of aller-
gic responses at a fundamental level and hence possibly for
It has long been apparent that immunotherapy results in the understanding of the mechanism of immunotherapy.
reduction in antigen-specific lymphoproliferation [31—33], There is certainly evidence to suggest that lack of allergy is
related to a reduction in IL-2 production [34]. Inhibition of not simply due to an absence of reactivity to allergens at the
T cell proliferation can be demonstrated to occur withinT cell level, since T cells from non-allergic subjects readily
weeks in rush venom protocols [18,35,36], but this was noproliferate in response to environmental allergens [43].
accompanied by B cell tolerance [37]. The decreasedllergen specific T cell precursor frequencies in allergic
proliferative responses were not due to deletion ofand non-allergic subjects were similar in one study [44]. The
antigen-reactive T cells since they could be restored byrecursor frequency for allergen-specific cytokine-producing

T cell anergy
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T cells is also similar [45]. What is clearly different is the when aqueous extracts are used. It is certainly possible that
nature of the cytokine response. Although there is not dhe altered T cell response is brought about by the major
strict polarization into one pattern or the other, the dataincreases in concentration of antigen exposure between
suggest a relatively consistent difference in the balance dnjected extracts and natural exposure, or by the route of
ratio of TH; to TH, cytokines in atopics vs non-atopics. This delivery (although this argument applies only in the case of
has now been examined at the leveliomfvitro generated aeroallergens, not venom). Both allergen dose, and the
clones [46,47], allergen-specific PBMC cultures [48], andnature of the antigen presenting cell, have been shown to
cytokine producing cells in limiting dilution analysis, where affect the production of IL-4, even in those with established
a 27-fold alteration in the ratio of allergen specific IL-4 to allergy [56].
IFNy producing cells is found in allergics [45]. Using  The major immunomodulatory cytokine to be associated
cytokine mRNA and ELISA studies of allergen stimulated with TH; biased immune responses is IL-12 [57]. This
primary cultures, it has recently been shown in our laborafactor is able to inhibit allergic inflammation in presensi-
tory that these patterns of relative cytokine polarization intized animals [58], suggesting the ability to divert existing
response to allergens develop during infancy and are essefH, responsefn vivo. Although IL-12 was not found to be
tially established by the age of 5 years [49,50]. altered in PBMC cultures [54], Hamielt al. demonstrated
There are now a number of studies addressing the pran increase in IL-12 positive macrophages at sites of
duction of TH, and TH, type cytokines by allergen specific allergen challenge associated with increases inylpNsi-
T cells in response to immunotherapy; some have been dive T cells in immunotherapy treated, but not untreated,
notably high quality, with well characterized groups of allergic individuals [17]. Although not directly demon-
matched patients studied prospectively. Most, as expectedirated, one could infer that this might be antigen-specific.
have demonstrated a shift from the Jidattern seen in It was suggested that the THells accumulating locally
allergy to the production of the Titytokine IFNy. Studies  were IL-12 driven. Yet macrophage IL-12 production is part
vary considerably in the details of this shift. Some reportof the innate (i.e. non-specific) immune response, therefore
that IFN increases while IL-4 and IL-5 diminish itis perhaps more likely that the IL-12 is IRNdriven, due
[17,35,36,51,52]; in some cases, IL-4 was reported tdo the TH; type response to the allergen. Nevertheless, the
diminish, whilst IFN was not altered [53,54], whilst in induction of IL-12 by immunotherapy remains an attractive
others, IFN increased whilst IL-4 and IL-5 remained explanation for the observed T cell phenotypic shifts. In this
unchanged. These differences do not seem to be related tegard, it is notable thag,-agonists have recently been
the nature of the allergen extract or the protocol used, andhown to inhibit IL-12 production by monocytes and den-
are most likely to be accounted for by methodologicaldritic cells [59]. One is tempted to speculate that this may
differences. provide an explanation for the difficulty in demonstrating
Although IL-2 is also considered to be predominantly aeffectiveness of immunotherapy in asthma compared with
TH; factor, its production is in fact reduced due to theallergic rhinitis; let alone an explanation for the rising
anergy-like effect of immunotherapy. It is interesting thatincidence of atopy and asthma in our population.
the shift to IFNy production can be demonstrated so readily, A more comprehensive explanation for the mechanism of
since TH immunity seems usually to be associated with aimmunotherapy is hinted at in the paper by Bellingshausen
brisk proliferative response. Indeed, tolerization of ;TH etal [35], in which it was shown that the apparently anergic
immune responses e.g. as seen in classic neonatal toleran&3MC from patients desensitized to bee venom specifically
has been accounted for by a switch to ;TEltokines, produced IL-10 in response to the antigen. IL-10 has been
associated with reduced proliferation [55]. Furthermore, aseported to inhibit the synthesis of many cytokines, to
has been pointed out [42], allergic individuals do not sufferinhibit allergic inflammation in animal models [60], to
from a cell mediated immune response to allergemivo, inhibit antigen-specific T cell proliferation [61] and
and so do not demonstrate typical ThHnmunity despite induce T cell anergy [62]. Indeed, neutralization of IL-10
such a T cell response evideint vitro. For these reasons in vitro restored proliferative responses to bee venom, and
alone, it is clearly simplistic to think that immunotherapy increased IFN production but did not restore IL-4 [35]. IL-
acts simply through a shift from THto TH; response 10 was shown to be produced by CD# cells; could these
patterns. be thein vivo counterparts to the recently described IL-10
producing regulatory T cell clones, designated Trl [63]?
Whilst TH, to TH; shifts or T cell anergy do not alone
satisfactorily explain the effects of immunotherapy, the
It is unclear how immunotherapy may bring about thecombination of a cytokine shift with IL-10 mediated
observed changes in cytokine balance. It would not appedmmune suppression may indeed do so.
to be related to adjuvants, since similar effects are seen It is not yet evident whether the effect of immunotherapy

Immunomodaulatory cytokines
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can be equated to the return of T cell responses to a pattern Parietaria pollen (treated and untreated with specific immuno-
resembling that of ‘normal’ non-allergic responsiveness or therapy). Allergy 1996; 51:245-50. o
if the tolerance induced is of an artificial nature. This may bel4 Hsieh KH, Ng CK. Increased plasma platelet-activating factor
relevant to the issue of whether the immune response can be N children with acute asthmatic attacks and decreased in vivo
: d in vitro production of platelet-activating factor after

durably, permanently modulated by immunotherapy or an . A
whether the response is transient and subject to later reveys 'mmunmherapy.' J Allergy Clin Immunol 1993; 91:650-7.

. . . . . 5 Durham SR, Ying S, Varney VA et al. Grass pollen immu-
sion to allergic type. At this point, we are reaching some

. e . . o notherapy inhibits allergen-induced infiltration of CB4T
important insights into both the clinical and mechanistic |y mphocytes and eosinophils in the nasal mucosa and increases

aspects of immunotherapy. What is clear is that more and  the number of cells expressing messenger RNA for interferon-

better quality prospective studies are required in order to gamma. J Allergy Clin Immunol 1996; 97:1356—65.

elucidate how effective immunotherapy can be at reversing6é Otsuka H, Mezawa A, Ohnishi M et al. Changes in nasal

or possibly preventing allergic sensitation and atopic dis- metachromatic cells during allergen immunotherapy. Clin Exp

ease and the mechanism/s by which this occurs. Only then Allergy 1991; 21:115-9.

will we be in a position to truly alter the course of atopic 17 Hamid QA, Schotman E, Jacobson MR, Walker SM, Durham

diseases. SR. Increases in IL-12 messenger RNAells accompany
inhibition of allergen-induced late skin responses after success-
ful grass pollen immunotherapy. J Allergy Clin Immunol 1997;

99:254-60.
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