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EDITORIAL

Hunting the magic bullet in immunotherapy: new forms of

old treatment or something completely different?

Specific immunotherapy (SIT) has been shown to be a

highly effective mode of treatment in allergic rhinocon-

junctivitis [1] and is the preferred method of management

of severe hymenoptera venom allergy [2]. Asthma with a

strong allergic component is also seen as an indication for

immunotherapy in many countries but controversy still

exists [3]. The basic principles of SIT have not really

changed since the first observations of Noon and Freeman

published on `innoculation' treatment for hay fever [4]. In

the current issue of this journal, Leynadier et al. report how

the use of calcium phosphate as an adjuvant may have

future therapeutic potential [5]. They have shown it to have

immunologically beneficial activity and a similar degree of

efficacy to aluminium hydroxide bound grass pollen

mixture, which is conventionally used as adjuvant. One

particular advantage is that the subcutaneous nodules and

IgE responses seen with conventional SIT preparations

appear to be avoided. Nevertheless, further direct compar-

ison between this alternative adjuvant and conventional

treatment is needed for it to become widely accepted.

At present the WHO [6] and EAACI [7] position papers

outline guidelines for current practice of immunotherapy

and possible future directions. There are now several large

randomized control trials that illustrate the efficacy of grass

pollens [8], house dust mite [9] and cat dander [10]

immunotherapy for allergic rhinoconjunctivitis. Other

studies have shown that in sensitized children, asthma

may be prevented with immunotherapy [11]. A reduction in

symptoms and rescue medication and an objectively

improved quality of life with grass pollen SIT is now

clearly established, whilst the benefit gained from both

grass pollen and venom immunotherapy persists long after

therapy ends [12]. Conventional practice requires standar-

dized vaccines of known stability and shelf life but less

commonly used vacccines may not be as well standardized

[13]. The mechanism by which SIT exerts a therapeutic

effect remains to be fully described and several mechan-

isms may be responsible. T cell response ± either anergy of

Th2 cells or deviation to a Th1 cell cytokine profile ± is the

key part of the observed clinical outcome and has been

demonstrated in vitro [14]. Specific IgG4 increases with

SIT, a mechanism which was previously viewed as the

prime candidate for the mechanism of immunotherapy [15].

Safety and the side-effect profile of SIT is well described

and anaphylaxis occurs in a recognized percentage of

patients [16], although more vigilant practice and improved

standardization of vaccines has resulted in fewer severe

outcomes. There appears to be no difference in severe

reaction risk between different allergens. There are draw-

backs to conventional SIT, primarily because it is time-

consuming, severe anaphylactic reactions may occur and

preparations are combinations of molecules of which only

some are immunoactive. Alternative dosages, regimes and

duration of treatment are well documented elsewhere [17±

19]. More recently, nasal, bronchial [20], oral [21] and

sublingual [22] routes of delivery have been investigated as

possible alternatives to the usual subcutaneous route.

However, modifying allergen to tailor the target cell

response offers the most intriguing prospects for the future

of SIT. By whatever means they can be achieved, improved

safety and efficacy would increase patient compliance and

satisfaction and ultimately lead to increased use of

immunotherapy by physicians.

Recombinant allergens

Recombinant technology allows the selection of less

allergenic isoforms, expression of larger polypeptides or

smaller fragments and also site-directed mutagenesis to

alter the conformation of epitopes [23]. Reduction in IgE

binding capacity by modification of B-cell epitopes without

loss of T cell epitopes is possible and promises increased

efficacy and safety, by allowing T cell interaction whilst

avoiding the risk of IgE cross-linking and mast cell/

basophil degranulation. Alteration of the three-dimensional

structure of an antigen will influence the type of cell

employed to present antigen [24]. Antigen-presenting cells

(APCs) fulfil the tasks of capturing and processing the

antigen before presentation to the T cell by MHC molecules

on the cell surface. B cells that present bee venom

phospholipase A (PLA) antigen do not secrete pro Th1

costimulatory molecules as released by monocytes or

macrophages. Thus Th2 cytokines and IgE production are

not suppressed. Conversely if monocytes present antigen

there is increased T cell proliferation and decreased IL-4,

IL-5 and IL-13 as well as reduced IgE production.

A number of in vitro studies have shown that modified

Fel d 1 [25] and Lep d 2 [26] do not stimulate specific
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antibody activity but are internalized by macrophages and

monocytes, replicating the findings with PLA antigen.

Recombinant technology can produce different isoforms

which offer a spectrum of reactivity. Very reactive forms

are likely to find a role in diagnosing allergy and forms that

are unable to produce an IgE response will be applied in

immunotherapy. A single amino acid variation is able to

produce changes in T cell reactivity. The principal allergen

of birch pollen, Bet v1, has been cloned and modified to

produce several fragments which have T cell activity,

demonstrating potential clinical efficacy [27]. The resulting

disruption of three-dimensional structure yields molecules

that do not cause histamine release and clinically produces

a smaller skin test reaction in birch pollen-allergic

individuals.

Site-directed mutagenesis aims, with knowledge of the

genetic sequence of a protein, to decrease antibody binding

and therefore IgE-mediated immediate hypersensitivity

reactions. The allergen Der p 2 has been modified using

this technique so that disruption of disulphide bonds

reduces IgE binding without loss of T cell reactivity [28].

Tertiary structure has been predicted for this molecule and

surface amino acid sequence altered such that skin testing

elicits a response 1% of that of unmodified allergen.

Chemically modified allergens (allergoids)

Potassium cyanate, formaldehyde and glutaraldehyde have

been used to chemically modify allergen to reduce

allergenicity, as measured by skin tests and in vitro

histamine release, without loss of T cell immunogenicity.

Glutaraldehyde is known to act as a cross-linking agent,

producing large polymeric molecules. Potassium cyanate

substitutes lysine residues and produces a beneficial effect

by impairing IgE binding. The value of chemical

modification is controversial, with some authors reporting

little clinical benefit when comparing native allergen with

allergen modified by heat, formalin and acetylation [29],

whereas others have found good clinical benefit and a very

good IgG response in allergic and non-allergic individuals

treated with allergoids [30,31].

Adjuvants

The purpose of an adjuvant is to improve the response to

therapy by altering the physical properties of allergen.

Previously alum, mineral oil, urea denaturation, incomplete

Freund's adjuvant and tyrosine adsorbate have been used to

do this, primarily by slowing absorption from injection

sites. Alum slows absorption of conjugated allergen and

this decreases the number of injections needed to elicit a

similar immunological response; tyrosine works in a

similar fashion. Complete Freund's adjuvant has been

shown to induce macrophage IL-12 production and a

predominantly Th1 cytokine profile [32]. In SIT trials alum

has been shown to elevate `blocking' IgG and produce

better clinical outcomes than unconjugated vaccines [33].

Polymerization of allergen into high molecular weight

polymers is known to offer improved efficacy over

unmodified allergen, possibly by impairing binding to B-

cell epitopes [34]. Alum is used conventionally as an

adjuvant for diphtheria and tetanus toxoid vaccinations and

transient IgE production has been demonstrated after

treatment. There is some limited evidence that diphtheria

and tetanus toxoid vaccination increases the risk of

childhood clinical allergic disease. Calcium phosphate

adjuvant may thus have some advantage in avoiding the

potential pro-allergic bias of traditional alum.

Combination of physical with chemical modification is

possible. Pyridine extract of non-defatted pollen has been

precipitated with alum but the physical modification

needed to achieve the allergoid may impair the ability of

the allergen to induce IgG. Also grass pollen adsorption to

l-tyrosine and modification with glutaraldehyde has

produced fewer adverse events and a successful outcome

after only three injections when compared with a conven-

tional regime [35].

DNA oligodeoxynucleotides also function as an adjuvant

if given with antigen. CpG (cytosine-phosphate-guanosine)

motifs are commonly found in bacteria but are not common

in vertebrates. Adaptive (lymphocytic) immunity as well as

innate antibacterial activity are activated sequentially by

CpG motifs in a Th1-directed manner [36]. APCs become

activated and produce IL-6, TNFa and IL-12 whilst

costimulatory surface molecules are upregulated on mono-

cytes and dendritic cells. In vivo studies in mice have

shown that B-cell mitosis is inhibited by CpG motifs [37].

Recently Kranzer et al. showed that in humans CpG motifs

potentiate T cell activation by an APC-centred mechanism

[37]. Furthermore, suppression of Th2 responses including

IgE production may result from IFNg or IL-10 production

[38].

Conjugates of CpG DNA and allergen have been shown

to produce a Th1 profile in mice that previously had

measurable IgE against ragweed allergen [39]. DNA

without CpG motifs is not effective while unconjugated

allergen given with CpG DNA is not as effective,

indicating that it is the conjugation of CpG DNA and

allergen that is of importance at the APC interaction.

Conventional immunotherapy regimes are limited by IgE-

mediated side-effects but CpG allergen conjugate has less

ability to bind IgE and release histamine than conventional

allergen [40]. Direct comparison between CpG DNA

therapy and conventional SIT is lacking and hindered

by contrasting views on the mechanism of action of

immunotherapy [41].
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The Th1 IFNg response to immunotherapy observed in

mice reciprocally decreases Th2 IgE responses to allergen.

This has been shown in some, but not all, human

immunotherapy studies. In some human studies Th1

cytokines (IFNg and IL-12) do not appear to be induced,

whilst allergic symptoms decrease and Th2 cytokines are

reduced [42]. Extensive studies on the mechanism of

venom immunotherapy show evidence of regulatory T cell

production and stimulation of macrophages to produce IL-

10 which then inhibits Th2 proliferation [43]. This

differential response between allergens implies CpG may

only be of use in some allergies. The timing of CpG

immunotherapy is important: starting treatment earlier on

may prove to be more beneficial than treating a patient who

has well-established disease. Potential problems with

manifesting of a Th1 response have also been reported

[44]. Eosinophilic airway inflammation and the formation

of immune complexes of IFN-g-dependent antibody

isotypes are theoretical complications that remain to be

investigated.

Oral administration of DNA vaccines is an exciting

prospect. A murine model of oral immunotherapy has been

successfully demonstrated by Roy et al. [45]. The main

peanut allergen gene was cloned into an expression vector

and administered orally to mice. Digestion was prevented

by conjugation with chitosan, which is not digested

proximally and adheres to intestinal walls where it is

endocytosed. As outcome the authors measured faecal IgA,

serum IgG2a and specific IgE. The first two markers were

elevated and the last decreased compared with placebo and

control, indicating that the vaccine was immunologically

active. Anaphylactic reactions induced in sensitized mice

were also significantly milder in vaccinated compared with

untreated mice. DNA vaccines thus appear safer and easier

to administer than conventional SIT.

Peptides and IgE binding haptens

T cell-specific peptides are an attractive highly specific

way of selecting T cell but not B cell responses. The

conformational epitopes recognized by B cell receptors are

not present if small linear peptides are synthesized and so

IgE cross-linking and immediate hyper-sensitivity does not

occur. Clinical trials in humans have been completed using

Fel d 1 [46] and Amb a 1 [47]. Only a limited response was

observed despite large injection doses (750 mcg) being

administered. Outcome was measured by scoring of nasal

and lung symptoms. A further beneficial effect of T cell

peptides has been reported upon exposure to peptides

without costimulatory input. This leads to decreased

cytokine production and decreased cell surface molecule

expression on Th1 and Th2 cells. Transient T cell

activation may be the cause of skin and mucous membrane

side-effects observed in 16 of the 24 subjects investigated

after receiving Fel d 1. MHC restriction of peptide

recognition has implications for tailoring therapy to the

individual and a recent cat peptide study has shown this to

be clinically relevant. Accurate structural knowledge of the

IgE binding sites of allergens has allowed the production of

haptens which compete for IgE binding but do not cause

linking of IgE and mast cell degranulation. Further in vivo

trials are needed to establish the role of this mode of

immunotherapy [48].

Future developments

DNA CpG motifs may be given in several different ways

[49]. Alone, with allergen, with allergen DNA sequences or

orally. Allergists have previously used heat-killed bacterial

vaccines as immunotherapy adjuvants and these prepara-

tions would have undoubtedly included CpG motifs.

Progress in this area could therefore not be defined as

something completely new. `Designer vaccines' using

recombinant techniques will be more widely used in the

future as mechanisms of SIT become more widely under-

stood. When tailoring a DNA vaccine the tertiary structure

of an allergen is defined by nuclear magnetic resonance or

X-ray crystallography [50]. Epitopes may then be defined

by protection assays or by mutations. The former method

involves exposing a molecule to a monoclonal antibody

followed by an isotope of water and the amino acid

sequences protected by antibody are then identified. By

either using predicted structures or trial and error

modification of amino acids a molecule may be manufac-

tured which does not bind to B cell epitopes [51].

Molecular breeding is a new technique that allows new

genes and vectors to be produced and selected based upon

function [52]. Allergens produced in this way have been

demonstrated to show decreased skin test reactivity

compared with native allergen.

More `downstream' ways of halting the Th2 cytokine

cascade downstream are a possible future therapeutic

option. Anti-IL-4/IL-13 has recently been shown to reduce

IgE production in mice [53] and anti-IL-5 has been reported

to be of benefit in lowering eosinophil counts and

decreasing bronchial hyper-responsiveness in guinea-pigs

[54]. Human trials have been less promising however. A

recent clinical trial of monoclonal antibody to IL-5,

administered as a single injection at either high or low

dose, decreased serum and sputum eosinophils significantly

but did not affect the late asthmatic response or resulting

allergen-induced bronchial hyper-responsiveness [55].

Non-specific proactive immunomodulation at an early

age has been hypothesized by Holt as a way of primary

prevention of any allergic disease [56]. The early postnatal

period is most important in determining the risk of allergy
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in future life and in the antigen-driven selection of a

particular T cell population. If a Th1 milieu is predominant

then Th2 responses are opposed. IL-2 and IFNg-secreting

Th1 cells result in non-pathogenic IgA and IgG responses,

whilst Th2 cells secrete IL-4 and IL-5 and result in IgE and

eosinophils as an immune response. Evidence for early life

priming of the immune system exists and provides a

mechanistic basis for Strachan's `hygiene hypothesis' [57];

there is also much evidence that pregnancy is a Th2 state

for mother and child and failure to resolve this in early life

predisposes to childhood atopic disease. The route of

exposure to allergens in early life is of prime importance as

oral exposure to food allergens commonly produces a

transient mild or sub-clinical IgE response. Later exposure

and sensitization to airborne allergens does not produce

such a transient clinical picture. Possible methods of

producing a non-specific Th1 phenotype before primary

sensitization occurs include: an allergen-bacterial protein

preparation, a DNA plasmid vaccine, and oral vaccination

strategies using transgenic foods containing genes to

express potential allergens.

In children already established as atopic (with atopic

dermatitis), oral Lactobacillus rhamnosus has been shown

to elevate serum levels of IL-10 and this suggests a way of

down-regulating IgE synthesis [58]. The value of such

`probiotics' in early life in children at high risk of allergic

disease remains to be tested, although there is an increasing

weight of observational evidence that a depleted microbial

environment in the bowel in early life, either through diet

or iatrogenically, is strongly associated with future atopic

disease. Ethical considerations and the potential risk of

enhancing delayed-type hypersensitivity and Th1 mediated

disease must be of prime concern in this age group. A

preventative interventional strategy must be able to

accurately predict which individuals are at risk of atopic

disease, but at the present time this is not yet possible. The

onset of further sensitization has been prevented in atopic

asthmatic children treated with D. pteronyssinus extract but

further research is needed in this area to establish which

individuals benefit most and whether any risks exist.

Non-specific immunomodulation in established adult

allergy has recently been reported by means of recombinant

IL-12 therapy. Serum and sputum markers of allergic

disease (eosinophil counts) were reduced but objective

measures of bronchial hyper-responsiveness and late

asthmatic reaction were unaffected [59]. If an effective

method of early life immunomodulation were to become

available its use would be limited by our lack of ability to

predict the natural history of childhood allergy and its

relationship with physiological and serum markers of

disease. Because of this, treating established allergy by

immunotherapy remains the most viable therapeutic option

for the near future. Progress may be in terms of fine-tuning

what is already available rather than something completely

different.
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