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Immunoprophylaxis of atopy: light atthe
end of the tunnel?

Patrick G. Holt
Current research in the field of atopy is directed almost exclusiuely towards

treatment of established allergic ditratt. ln particular, treatment has con-

centrated on controlling the Itltott and actions of uariouls mediators, such

as cytokines, from thl atlergy effector cells at the end of the i.mmuno-

inflímmator:y'cascade. Here, Patrick Holt argues that a.poten7ig-\\ more-

effectiue and achieuable goal may be the .preuention of initial T helper.2

(ittZ)-rttl sensitization lo enuironmental allergens during infancy. This'might 
be achieued vra amplification of the endogenous 

'immune deuiation'

míchanism(s) that normally facilitate discrimination betwe.en pathogenic

and non-pathogenic antigens at the mucosal surfaces of tbe body.

Atopy is the principal etiological factor in asthmar. For

reasons that àre still unclear, the prevalence of asthma is
in the process of an unprecedented upswing- in many of

the developed countries2. Of greater cause for concern,

the diseasè also appears to 6e increasing in severity2'

The economic impact of atopy is staggering. During

7990, treatment .òttt for asthma alone accounted for

$6.4 bil l ion US dollars of the US health bil13, and in

the order of one bil l ion pounds sterl ing in the UK
(Ref. 4); and atopic dermatit is and allergic rhinit is add

substantially to this burden.
Current treatment regimes emphasize pharmaco-

logical control of the inflammatory - processes that

,ré no* recognized as the maior pathogenic factors

in atopy. These are largely targeted at the end-stage

effectoi mechanisms responsible for t issue damage in

chronic disease. Indeed, reliable and safe immuno-

therapy for control of the underlying - immune re-

,poni.r, which are the init ial tr iggers of the inflamma-

tòry '.rr.ade' in atopy' remains a yet-to-be-achieved
goal. Nevertheless, the rapid pace of development in

Ih. k.y areas of cytokine regulation and molecular

cloning of allergens gives cause for cautious optimism

for the future.
The potential benefits of effective treatment strategies

targeted at  the upstream immunological  events in dis-

.rJ.t such as utih*t, and the consequent release of

sufferers from long-term reliance on anti-inflammatory
drugs, are self-evident. The general acceptance of this

pr.*it. amongst experimental immunologists provides

ih. irnp.tut and the direction for current research in

this arèa. However, this concentration of immunologi-

cal research resources into areas relating solely to the

pathogenesis of established atopy assumes that the

more-óesirable long-term goal, i.e. prevention oi the

ini t ia l  onset of  atopic disease, is not pract ical ly achier ' -

able by employing current immunological  tools.  This

view is chaflenged belorv. Here, it is argued that evol-
ution has already shaped a highly effective mechanisnr
for selective downregulation of potentially pathologi-
cal aspects of the immune response to ubiquitous en-
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vironmental allergens. This mechanism forms the basis

for long-term 'pótection' of the majority of individ-

uals ag-ainst allergic sensitization to ubiquitous food

and in"halant alleigens, and the occasional failure of

this process is resfonsible for the inappropriate T-cell

,.rpónr.t that leàd to IgE production against th.ese
,niig.nt in atopic individuals. It is further argued that

the general mechanism(s) by which this process oper-

ates is sufficiently understood for us to contemplate

active in uiuo intervention in order to prevent failure

in individuals who are genetically at high risk of de-

veloping atopic disease. This conclusion derives from

the iecent litérature on the etiology of human atopy: in

particular the seroepidemiology of IgE . responses in

normal and atopi. .hildt.n, as compared with studies

on in uiuo and in uitro T-cell reactivity to environ-

mental allergens, both in humans and experimental
animals.

T-cell regulation of IgE production
Current concepts óf i n.tper (Th)-cell regulation of

IgE synthesis derive from studies in the murine system'

,,ini.tt have demonstrated that the magnitude and

duration of IgE responses are largely determined by the

interplay between àntagonistic interleukin 4 (IL-4) and

interieron f (IFN-ry) signalss. The balance between

these cytokines is a key determinant in the in uiuo

.*pr.rrion of the IgE-responder phenotypes'6.
in the mouse, thise cytokines appear to be produced

by distinct Th-cell subsets derived from common

uncommitted ThO precursors, which have been desig-

nated Th1 and Th2 (Ref. 7), and it is apparent that a

similarly biased distribution of cytokine profi les exists

amongst Th-cell subsets in humanss-l0. Furthermore,

these lells regulate IgE production by human B cells ln

uitro in a fasÉion that is comparable with that reported

for Th cel ls in murine systemsl l '12.
It has subsequently become evident from in uitro

studies in human and animal systems that a variety

of cytokines from other cell populations also play im-

portant roles in this process. IFN-a and IL-12 from
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mononuclear phagocytesll'13'1a, and IFN-1 from natural
kil ler (NK) cellsl3 and major histocompatibil i ty com-
plex (MHC) class I-restricted allergen-specific CD8+
T cells6'15, all contribute to the downregulation of IgE
production uia selection for the growth of Thl cells.
Èy .ontt"st, IL-13 from CD4+ T cellsl6-18 acts in a
similar fashion to IL-4 in promoting IgE synthesis by
B cells, and this pathway is further amplified uia the
Thl-suppressive effects of CD4+ T-cell-derived IL-10
(Ref. 19). Transforming growth factor P (TGF-p) may
also contribute indirectly to selection against Th2-cell
proliferation by amplifying the production of cytokines
by CD8+ T cells (notably IFN-1) (Ref. 20). The cir-
cumstances that determine the relative importance of
these cytokine signals in individual a.llergen-specific
immune responses in uiuo,, particularly in humans,
remain to be determined.

Animal models of 'natural' exposure to environmental
allergens

It is generally accepted that immune responses
(including IgE) to antigens impinging on the mucosal
surfaces of the body are, to a significant extent, under
local regional control. While the full range of cytokines
listed above undoubtedly play significant roles in local
regulation of IgE responses, an understanding of pre-
cisely how this occurs in uiuo requires detailed analysis
of the responses in the context of the tissues in which
they take place.

The mucosal surfaces of principal interest in the
context of atopic disease are the gastrointestinal tract
(GI tract) and, in particular, the respiratory tract. The
immune system at both sites is faced with comparable
problems of discrimination between ubiquitous non-
pathogenic antigens that should be ignored (e.g.
dietary proteins, pollens), and antigens associated with
microbial pathogens that merit a rapid and vigorous
immune response. How this balancing act is achieved
is at least partially understood. In both organ systems,
the 'default ' immune response to intrinsically inert sol-
uble protein antigens that are presented to intact
mucosal surfaces is the generation of a state of antigen-
specific hyporesponsiveness, which was originally de-
scribed as a form of immunological tolerance. This idea
dates to the original observations of H.G. Wells on the
induction of 'oral tolerance' by controlled feeding of
egg proteins to guinea-pigs2l, as well as to the compara-
tively recent description of a similar phenomenon in
the respiratory tract2l .

It is now clear that the essential elements of such
tolerance phenomena are similar in both the GI tract
and the respiratory tract. IgE and delayed-type hyper-
sensitivity (DTH) responses are the mechanisms that
are most-readily tolerized and the resulting hypo-
responsiveness is the most stable. Other manifestations
of host immunity (such as IgG and IgA production) are
preserved to variable degrees in tolerized animals from
different genetic backgrounds23-25. Furthermore, it is
noteworthy that, during chronic exposure to inhaled
antigen, the onset of tolerance in the IgE antibody
isotype is preceded by a period of active ISE
productionzz,26' transient immediate hypersensitivity
symptoms indicative of IgE have also been described

as a hallmark of the early phase of induction of oral
tolerance2l.

Susceptibility to tolerogene sis uia the lung and the
GI tract is genetically determined: high sensitivity being
co-inherited with low-lgE-responder phenotype6'27'28.
However, environmental factors (particularly those
associated with local mucosal inflammation) are
capable of overriding this mechanism, thus converting
what is normally a tolerogenic signal into a powerful
immunogenic stimulus23-25'28. It has been argued that
this provides one avenue for the mucosal immune sys-
tem to bypass local suppression and mobil ize host
defences against incoming microbial antigens, which
are then revealed as 'pathogemc' uia the inflammatory
responses they inducezs'2e. An il lustration of this latter
process was recently provided in experiments employ-
ing a strain of E. coli expressing transfected ovalbu-
men (OVA) genes: oral administration of native OVA
to rats induced OVA-specific oral tolerance, whereas
feeding the transfected organism induced vigorous
anti-OVA immunity3O. Vhile this bypass mechanism
may serve an important function in host defence
against pathogens, it may also provide a potential win-
dow for primary allergic sensitization to bystander
environmental antigens that are encountered during
inflammatory responses to microbial agents or chemi-
cal irritants24'25. This conclusion is consistent with a
significant body of epidemiological l i terature on the
etiology of allergic disease in humans2e.

The nature of the cellular and molecular mechan-
isms underlying the induction of tolerance at mucosal
surfaces is under intensive investigation in many lab-
oratories. Interest has recently been fuelled by pro-
posals that these natural processes may be amenable
to exploitation in the context of therapeutic strategies,
notably for suppression of ongoing pathogenic
immune responses both in autoimmune and allergic
diseasese,3l -33.

In many of the reported models, mucosally induced
tolerance can be adoptively transferred with purif ied T
cells from tolerized animals, in particular those ex-
pressing the CD8* phenotype24'25. Two recent studies
have demonstrated inhibit ion of such transfer by using
blocking antibodies against IFN-1 and TGF-B (Refs
34,35). Both feeding and inhalation of soluble protein
antigens stimulate high levels of IFN-1 production by
T cells from the regional lymph nodes that drain the
respective mucosal surfaces during the phase preceding
tolerance induction6'36. This includes a maior compo-
nent of allergen-specific CD8* T cells that have been
suggested to 'select' for CD4* Th1 cells of the same
specificity with continued allergen exposure6. Further-
more, it can be suggested that 'tolerance' is a mis-
nomer for this process, particularly in view of the fact
that it is characterized by suppression of some manifes-
tations of immunity (i.e. immediate hypersensitivity and
DTH) u'ith the simultaneous preservation of others
(notablv IgG and lFN-1-producing T-cell reactivity).
Indeed, it may be more-accurately described as
' immune deviat ion'6.

The efficiency of immune deviation is much higher
in immunologically naive animals than in those with
established T-cell menlory. Thus, exposure to inhaled
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allergen at the low levels normally encountered in the s.uggesting. the onset of some form of antigen-specific

environment is not only unable ó 'tutn off' ongoing downregulationa2.

IgE responses i"- pri-la ,nirn.lr, but also 
"iiu.l! 

This.-biphasic pattern -of 
responsiveness ìs more

L|;rr; ihl*ir, pti*À.Ufy by stimulating existing marked wìth respect to IgE antibodies to the same

,rr.ig.,, ,pecifit irtz -.Àóry ó.ilr. AccordlnglS it ii allergens. Long-teim. prospective studies employing sen-

reasonable ro postulate that'if a similar r.t oi'*..h- sitivJ low-level antibody assays indicate that the ap-

anisms contributes i; J";;.egulation of IgE responses pearance of food-alle.rgen-specific -IgE is common both

to environ-.nrrí".li.rg."r iti hu-"nr, th".y ,ré most in_ atopic and normal infants, peaking before one year

i,k.ly . .r.r, th.ir -"ior effects .r, oi.tornd the time 9f Vei in the majority of. cases; these responses attain

of, initial exposure ro rhe allergens. In most cases, this high"er iiil:t in the atopic population, byt decline in

.q"ri., ," in?.n.y--.rtiy.rririhood. -órt children to undetectable levels by age 2-3

years43,44. The levels attained in normal children are

Natural history of IgE responses to environmental generally well below those associated with clinical symp-

allergens in humans . 

- 
ioms, whereas a subset of the atopic children develop

Until .o.p"r.iiuely recently, the hyperreactivity of antibody titres that are potentially pathologicalas'

,,op,. indivùuals ro environmenral alie.g.r,s *"r rr- IgE rósponses to aeróallergens.follow a.similar pat-

cribed principall;,;;;;r; i ir.Ji"i iur.if prote.tiu. rern,.*..pt that the time frame is markedly different'
.barrier, mechanisms that normally pr.u.ni effective The production of IgE to.these allergens is.again com-

interaction between exogenour utiJ.g'.nr and the im- mon both in atopiò and non-atopic children, but is

mune system. This notioi hrt b..n ti..aity eroded by y9u.all1 not detectéd until after one yeat of.agea3+5' The

recent findings (ru.-rrized belolj on ,ft.'*idespread bipha-éic_pattern observed with respect to food-allergen-

nature of IgG antibody responsiveness to these anti- specific IgE responses is repeated, but is spread over a

g.", *i,r,inih. non-atopi. popul"tion, .nd was finally cànsidera-bly longer period. Peak levels in atopic children

put ro rest by,n. air.oì.ry,'trr-ifr. i ,grip4eral blood are commonly nót attained unti l fouryears of age, and

of normal individuals contains CD4+ T iells that are may take an equivalent.further period to decline to

;;.;,fi; i", inh.lrnt (aero)allergens. These cells give below the limits of detection. By contrast, IgE antibody

rise to clones ,h;;;;ùÍv'."fri6ir a Th1-like .ytofin. titres in atopic ch.ildren typically rise more rapidly and

profile, in contrast tó atopic individuals, whose'profile peak at a higher. 1.y.! and approximately 30% of this

resembles the murine T^h2 panern:i-:é. This àrgues group mainùin high IgE titres to one or more allergens

strongly rhar active ongoing 'r..olni,ioq' 
9f .nuiion- É.yona the age of-12 i.."lto''oo. It is noteworthy in this

menral allergens is virtually uniu.r-r?i, 
"na 

that the fea- context that iransient skin-test reactivity to food anti-

ture distinguishing the ,l1.rg.n-responder slatus of gens occurs commonly in infants during the first year of

atopic individuals-fro- th"t Jf non-"topic individuals iif., *h.reas reactions to inhalant allergens are much

is the narure of the T-cell subsets that àominate their l.r, fr.quent, develop .later in childhood, and often

,.rp*ti". 
"ll.rg.n-rpecific 

T-memory. pools. Once a persist and increase with agea5.

,tr^bl. memory population is established for a particular

al lergen, i t  could theoret ical ly ' lock' the hóst CD4' T-cel l regulat ionof IgEresponsestoenvironmental

T-ceÍ ,.rponr. into a permanent Th1-like or Th2-like aller.gens innon-atopichumans

partern by virtue of th. ,ti-ul.tion prouid. d uia rhe TÈe epidemiolgsical information concerning the

conrinuou, tri.kl. oi in.o-ing rú.tg.n'fro- the natural known pàtt.tn of allergen-specific. CP4. T-cell reac-

environment. Such a scenario .ouid accounr both for tivity in adult humans, together with the available data

the progressively increaring int.nrity of the allergic from the literature on exposure of experimental ani-

,.rpénr." oft.n ,..n in the fh2-r.".tive atopic indivld- mals to mucosal a-llergens,-s.Yggest the following model

uals, and the (usually) permrn.n, ,esistrnc. of Th1- for the etiology of human allergic d.isease. During.t"l ly

reactive non-r.pi. iíaiuiaurls to the development of childhood, .n.ounters with ubiqu.itous food and air-

allergy.
When is T-cell memory for environmental allergens rn_g rntensity in.all lndividuals. This init ially. involves

init ially established in humans? The available evidEnce TÈ'O-like, fht-t it<e and Th2-like elements, and leads to

(reviewed in Ref. 29) poin6 ,o-.rity ctritanooa. It is hererogeneous allergen-specific antibody responses that

clear from r...nf r,uàià, employing sensitive antibody includès low-level IgE, production (Fig. 1).As a result

;r*y, ,h;t almost all childien'iníiate IgG responses of continued stimulation from these ubiquitous environ-

against .orn-on aeroallergens by threó To.nthr of mental allergens,.an antigen-driven selection process

,[., ,nd that these are almóst e*.iuriuely of the IgGl ensues within each immune respoltj: inuolving 
cross-

subclassao. These responses persist throíghout .Èlld- regulation of competing Th1 and Th2 cells' In non-

hood into ,duiih""d; by whìch time they" are usually atópic individuals, this leads to the eventual emergence

;;;-;;r i.d bt , p.rrtt. l  IgGl responsear,a2. IgGi of à.dominant Th1 memory pgpulatron and the con-

production against common food allergens is 
"also 

comitant waning of Th2-dependent IgE, production' By

universal u*J"jri infants and funlike itr. response contrast, for reàsons that are currently unclear, this

ro aeroallergens) is accomprni.a'-b;; specific IgG4 natural a.ntigen-driven selection process occasionally

;;;p"";;, h"l ,h. ou,r.io2. It is of intérest to io,. fails, leading instea.d to selection for stable Th2 reac-

that these foJl"i l .rgen-specific IgGl respons_es peak tivity, and eventually 
"tgPy. 

The apparent restriction

both in affinrty ;"i";*. 'during ih,. n.onntal périod of propensity for CD1- Th2 'hyperreactivity' in atopic

and wane thereafter with cóntinued stimuiation, indìviduals to environmental (especially inhaled)
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allergens, as opposed to antigens in general3T, suggests
that their failure to downregulate IgE responses ad-
equately stems from a malfunction in local mucosal
immune regulation, as opposed to a primary defect in
T-cell function.

It is particularly interesting that, even amongst
atopic individuals, IgE-mediated food allergy is ex-
tremely rare, and this is reflected in the high efficiency
with which IgE responses to food antigens are 'switched

'bff' during early childhood. Indeed, close to 100% of
atopic children lose their IgE reactivity to foods by the
age of four years, whereas at least 30% maintain
significant titres to one or more aeroallergens43,44.

A summary of the salient features of the 'normal'

IgE response to ubiquitous environmental allergens
during childhood is shown in Table 1. This raises the
question as to why the downregulation of IgE is more
rapid and effective for responses to ingested allergens
than to inhaled allergens. While intrinsic differences in
local antigen processing/presentation may play a role,
the emerging picture of local antigen-presenting cell
(APC) populations in the two organ sysrems show
striking similarities. This is particularly true with
respect to the dynamics and functional phenotype of
the resident dendritic cell populations thar appear ro
regulate primary immunity to soluble protein antigens
in the steady state4648. A more-feasible explanation
would appear to be the relative intensity of exposure
to local allergens at the two sites. Thus, the higher
concentrations of dietary antigen may drive this
antigen-specific T-cell-selection process much faster
and more efficiently in the gut-associated lymphoid
tissues than the parallel process in the lung, where the
stimulus is represented by intermittenr exposure to
nanogram levels of airborne antigen. In this context, it
has recently been demonstrated that, whereas feeding
low levels of exogenous antigen (in the microgram
range) induces T:cell-mediated suppression or immune
deviation, feeding higher levels of the same antigens (in
the milligram range) produces T-cell 'anergy', which
cannot be adoptively transferredae. It is also of interest
to note that high levels of IFN-1 secretion are induced
by high-dose feeding36, suggesting that allergen-specific
cells that evade the anergizing process would mosr
likely be of the Th1 phenotype. As suggested in Table
L, the operation of these complementary mechanisms
in concert in the GI tract may account for the high
efficiency of selection against food-allergen-specific
Th2 immunity relative to the parallel process in the
respiratory tract, where low-level exposure to inhalant
allergen may normally be sufficient to stimulate only
the mechanisms of immune deviation.

Quantitative differences in the levels of allergen
stimulation in the two organ systems may also underlie
the variations in the kinetics of IgG4 responses noted
above. Thus, the early postnatal IgG response to food,
but not inhalant allergens, typically contains an IgG4
component that, in other systems, is a direct reflection
of repeated intense antigenic stimulation50,' i1.

Is intervention feasible?
It is important to reiterate two salient facts beiore

considering the question of therapeutic intervention.

Transient lgE response
A
I

Fig. 1. Selection for protectiue T helper 1 (Th1)-nediated cell immunity to
allergens during the primary immune response via major histocompatibility
complex (MHC) class l-restricted CD8+ T-cell-mediated immune deuiation.
Differences in the shading of allergenic peptides reflect tlte presence of dif-
ferent peptides bound to MHC class I or class ll, which are presented to
CD8- T cells or Th} cells, respectiuely. Abbreuiations: APC, antigen-present-
ing cell; IL-4, interleukin 4;IFN-X interferon y; TGF-B, transforming growth

factor B; slg, surface immunoglobulin; TCR, T-cell receptor.

First, despite the high frequency and wide distribution
of potential aeroallergens in the natural environment,
atopic individuals usually display allergic reactivity
to a l imited spectrum of allergens, to the extent that
single specificit ies have been shown to account for
greater than 50% of total serum IgE antibody in
some patientss2. This suggests that, even in these
susceptible individuals, the natural mechanism(s) that
selects against Th2 reactivity to inhaled allergens func-
tions effectively for most allergens. Second, the occur-
rence of high-titre food-antigen-specific IgE responses
in adults is extremely rare, reflecting the high success
rate (almost 100%) achieved for termination of
food-antigen-specific IgE responses during infancyaa.

Table 1. Features of 'normal' IgE responses to environmental
allergens during early childhood

lnhalant allergens Food allergens

Exposure levels
Init ial appearance of

serum IgE

n o
"tl

1-2 years
t-rg-g
3*6 months

Duration of 'transient' 3-5 years 1-2 years
IgE responses

Skin-test reactivitv -rì th
Clinical sequelae ? +
Likelv mechanism(s) for  Immune deviat ion Immune deviat ion,

Thl 'selection' 
T-cell anergy

Abbrev ia t ions:  Th l .  T  he lner  1 .
'Posit ive responses essential l l .  restr icted to atopic chi ldren.
bTransient response.
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Accordingly, this protective mechanism should be
viewed overall as highly efficient in the respiratory
tract, and approaching perfection in the GI tract, at
least with respect to IgE regulation. However, the
natural 'oral tolerance' process may have a downside,
particularly during the heterogeneous phase of the
host response to food antigens in early childhood:
pediatricians and parents alike recognize this as a
trartsient period of often frequent and unexplained
gastroenteric symptoms, and it is likely that the
immuno-inflammatory phenomena described above
contribute to this situation. Nonspecific respiratory
symptoms are also a feature of early childhood, but are
typically less frequent and less severe, and this may be
a reflection of the lower intensity of exposure to
inhalant allergen.

In relation to the etiology of atopic disease, it can
be argued logically that if the efficiency of the natural
process that terminates IgE responses to inhaled aller-
gens during childhood could be improved to approach
that of the parallel process that successfully regulates
responses to food allergens, a substantial proportion
of the burden of allergic respiratory disease in the
community would be removed. Is this a realistic possi-
bil i ty? First principles suggest that it may be. The
general approach to be followed appears (on paper)
relatively straightforward: interpose appropriate aller-
gen-specific signals into the natural T-cell selection
process during the early stages of infancy and, thereby,
tip the equil ibrium towards selection for Th1-like
immunity. This may be achievable by the simple device
of repeated feeding with aeroallergens in order to
stimulate the tempo of this normally sluggish selection
process (relative to the process in the GI tract). In
reality, this would involve administration of an oral
'vaccine' comprising a cocktail of natural or recombi-
nant antigens. Theoretically, such mixtures need only
contain a small number of major aeroallergens to be
effective, owing to two principal reasons: (1) a l imited
spectrum of allergens appears to be responsible for the
bulk of allergic respiratory disease in most geographic
regions; and (2) cytokine-mediated bystander effects
are likely to contribute to the process of oral toler-
ance53'54. The latter may also render feasible the use
of allergen-derived synthetic peptides covering only a
few immunodominant epitopes, given that the multiple
specificit ies characteristic of major aeroallergens such
as house dust mite (HDM) are invariably presented
together at mucosal surfaces in their native form as
a mixture. The potential efficacy of this approach has
recently been demonstrated uia the successful in-
duction of oral tolerance to intact Der p1 allergen
from HDM by feeding with a single T-cell epitopes5.

It may be possible to refine this general approach by
using other mucosal routes for controlled allergen
administration, notably intranasa122''5-5 or sublingual-56,
which require log-scale lower amounts of allergen to
achieve the same results as allergen feeding. A further
refinement for consideration is the use of parenteral
immunization regimes, exploit ing some of the emerg-
ing vaccine strategies for selective stimulation of MHC
class l-restricted pathwayssT''58, and hence biasing ensuing
T-cell responses towards IFN-1.

Limitations of the approach
Two critical ethical issues must be addressed before

embarking on the intervention approach described
above, notably: (1) what are the possible side-effects of
interfering with the natural process of 'selection' of
CD4* T-cell memory for inhalant allergens in children
who (at least at the time of 'vaccination') are free of res-
piratory allergy; and (2) precisely how is the potential
target population to be selected?

With respect to the former, the overriding concern
must be the potential for induction of classical DTH.
Currently, there is no convincing evidence for a signifi-
cant DTH component in asthma or rhinit is, but in-
advertent 'priming' with inhalant allergens under the
artificial circumstances referred to above could theor-
etically alter this situation. However, DTH correlates
with IgE at the high end of the spectrum of in uiuo
sensitivity to induction of mucosal tolerance. In ad-
dition, attempts in many laboratories to develop models
of chronic tissue damage in the respiratory tract
mediated by DTH in response to inhalation of soluble
protein antigens have failed. Although more-artif icial
systems, employing intratracheal administration of a
liquid bolus containing contact-sensitizing agentsse or
pro-inflammatory microbial extracts of cell-wall prod-
ucts from organisms such as Micropolyspora faeni60
and Thermoactinomyces6l, have proved more success-
ful, these agents share little in common with natural
exposure to intrinsically inert aeroallergens. Thus, it is
clear that more research is required in this area.

The issue of defining the potential target population
for vaccination against aeroallergens balances on the
question of genetic risk. Although current opinion is
divided on the precise nature of inheritance patterns in
atopy, there is general agreement that high-risk individ-
uals can be readily identif ied on the basis of family
history: the degree of risk rising with the number of
first-degree relatives manifesting the disease. More-
objective methods for identif ication of predisposed in-
dividuals may also soon be available through ongoing
developments in molecular genetics. This is exemplified
by recent studies that have identif ied a putative 'atopy

gene'on chromosome 11q, which appears to be a marker
for high IgE production in a subset of allergy-prone
families62.

In summary, this article has argued that the key to
the control of allergic disease may lie in exploit ing
endogenous immunological mechanisms that normally
protect mucosal surfaces against the consequences of
inappropriate responses to non-pathogenic soluble
protein antigens. While acknowledging the imperfect
nature of our understanding of precisely how these
mechanisms operate in uiuo, the basic principles under-
lying the model proposed above appear entirely consist-
ent with current views of the role of crossregulation
between T-cell subsets in the determination of qualitat-
ive and quantitative aspects of the immune response.
Indeed, the unresolved issues that currently stand in
the way of testing the general immunoprophylactic
strategy suggested here appear minor in comparison
with those currently being addressed in research pro-
grams that focus on regulation of individual steps in the
complex molecular cascade underlying the expression
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of atopic disease. Diversion of part of this latter re-
search effort towards development of a Th1-selective
'vaccine' for use init ially with the major aeroallergens
would appear amply justif ied on the basis of current
knowledge.
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