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TH2-polarized immunological memory to inhalant allergens in
atopics is established during infancy and early childhood
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Summary

Background There is increasing evidence that the T-cell reactivity to environmental
allergens underlying expression of allergic disease in adulthood, develops initially during
childhood. However, there is little information available on the kinetics of these early
responses, or on the patterns of cytokine production during this period.

Objective The purpose of this study was twofold: to obtain further information on the
reported differences between responses to food versus inhalant allergens during early
childhood, and to ascertain the age-range over which T-cell responses to inhalant allergens
become polarized towards the Tkytokine profile, in potentially atopic children.

Methods In vitrocytokine responses to house dust mite (HDM) and egg (OVA) were
assessed by semiquantitative RT-PCR in panels of 2- and 5-year-old children and adults;
lymphoproliferative responses to OVA were subjected to epitope analysis.

Results At age 2 years IL-4/IL-5 responses to HDM grouped with positive atopic family
history, and by age 5 years cytokine responses correlated strongly with individual SPT
reactivity to HDM. In contrast, OVA responses were restricted to weak and transient IL-5
signals in the 2-year-old family history positive group. Lymphoproliferation assays
performed in parallel indicate a log-scale greater postnatal expansion of T-cell reactivity
to the inhalant allergen; preliminary epitope analysis of OVA responses indicate that the
number of OVA epitopes recognised decrease during early childhood.

Conclusions Inhalant allergen-specifién vitro cytokine production associated with
positive skin-prick test (SPT) reactions, one of the hallmarks of adult atopy, manifests in
children at or before 5 years of age; additionally, cytokine responses in SPT negative 5 year-
olds are restricted to IFN as per normal adults. In contrast, T-cell responses to a typical
food allergen appear to be deleted during early childhood.
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immunotherapy
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are not yet clear, both the prevalence and severity of these
. _ . _ diseases are progressively increasing in the developed
The repeated local expression of Fpolarized immunity to  countries, and they represent a major drain on contracting

inhaled environmental antigens at the level of the airwayhealth budgets.

mucosa is now recognized as being central to the pathogen- Current treatments for established atopic respiratory dis-

esis of atopic respiratory disease [1-5]. For reasons whicBases are essentially symptomatic, and their effectiveness
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1262 A. Yabuhareet al.

however, they may be of limited value in chronic allergic 1x10° viable cells/mL in mercaptoethanol-supplemented
disease which is often characterized by the development AIM V medium (Gibco; [12]); the cryopreservation proce-
hypersensitivity to a progressively expanding range ofdure does not significantly affe@t vitro T-cell response
environmental agents. patterns [12]. For cytokine analyses, aliquots of 1 ml from
There is therefore increasing interest in early therapeutieach sample were cultured for 24 h at@7vith 5% CQ as
intervention in these diseases, at a stage prior to that dbllows: with medium alone, medium containing unfractio-
which allergen-specific immunity in potential atopics nated House Dust Mite allergen (HDM; aqueous extract of
becomes locked permanently into a pathogenic,-liké lyophilized Dermatophagoides pteronyssinusipplied by
pattern. It is accordingly important to establish the timeCSL Limited, Australia) at a final concentration of A/
frame over which environmental allergen-specific T-cellmL, or medium with Ovalbumin (Grade V OVA, Sigma
immunity most commonly develops in atopics, and toChemicals) at a final concentration of 1@§mL. For
identify the major classes of regulatory mechanisms whicHymphoproliferative studies analysing responses to HDM,
shape these early responses. OVA or OVA peptides, a standard microplate assay was
Seroepidemiological studies in paediatric populationsused as previously [12].
(review in [6]) hint strongly that allergen-specific antibody
production can be initiated in infancy. Moreover, T-cells
which proliferate in vitro in response to a variety of
environmental allergens, have been identified in neonataCell pellets were lysed with 250 of RNAZOLBL RNA
blood samples [7—10]. However, it has not been establisheédxtracting solution (Bresatec, Australia) and 125 of
whether these early T-cell responses are directed againshloroform. The RNA pellets were resuspended in 8.5
native allergens or crossreacting antigens, and more impoBEPC-treated water, and used immediately. First strand
tantly no information is yet available relating to their synthesis of cDNA was performed in a total volume of
cytokine profiles relative to those in adults, and the latter25ul at 42C using 250ng of oligo [(dT) (Biotech
represents the principal aim of the present study. International, Australia)] and 2.5 U of avian myeloblastosis
virus (AMV) reverse transcriptase (Promega) in the pre-
sence of 12.5U of ribonuclease inhibitor (Biotech).

Total RNA extraction and cDNA synthesis

Methods and materials

Subjects Polymerase chain reaction (PCR)

Infants: Twenty-seven subjects (aged 1752 months) cDNAwas amplified for IL-4, IL-5, Interferon-andg-actin.
were studied. The children were classified according tdReactions were performed in 12:b total volume overlaid
positive or negative history of atopy in first degree relativeswith mineral oil, using respective primers afithPlusDNA
employing a standard questionnaire [11]: 18 children had golymerase (Biotech). The PCR was run as follows: an initial
familial history of atopy, and nine were negative. denaturation step of 9€ for 5 min, denaturation at 9¢ for
Five-year-old children:40 subjects (aged 5 years 3  1min, annealing at 5& for 1 min and extension at 7@ for
months) were selected on the basis of skin-test reactivityl min. All reactions were performed in a programmable
(SPT) to house dust mite (HDM): 20 SPT positive and 20thermocycler (Perkin-Elmer). The number of cycles for
SPT negative. actin and the cytokines was determined for each set of
Adults: as internal controls for the studies below on aller-samples to ensure we reached detection levels and that the
gen-specific cytokine production by T-cells from infants reaction remained in the linear phase.

and children, a panel of 10 volunteer staff members were

selected on the basis of presence (five individuals) Oh imers

absence (five individuals) of HDM-specific IgE as detailed

previously [12]; an additional group of 34 randomly selectedThe sequence for the primers were as follogsactin: 5
adults was employed for lymphoproliferation studies. CgT gAC ATT AAg gAg AAg CTg TgC and 5CCT Agg
Cord Blood (CB):a panel of 16 CB samples collected as Agg AgC AAT gAT CTT gAT (expected size product:
part of an ongoing population study, was employed for som&75bp).IFNy: 5 TTT ggg TTC TCT Tgg CTg TTx 5 TgT

of these experiments. CTT CCT TgA Tgg TCT CC (expected product size:
230bp).IL-5: 5 CAT gAg gAT gCT TCT gCA TTx 5
TTC ggC CgT CAA TgT ATT TC (expected product size:
305bp).IL-4: 5 CAA gTg CgA TAT CAC CTT ACAgg 3
Peripheral blood mononuclear cells which had been cryox 5 CCT TCA CAg gAC Agg AAT TCA AgC 3 (expected
preserved at collection were thawed and resuspended ptoduct size: 306bp).

Cell culture
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Development of T-memory to inhalant allergens during infanc$263

Dot-blotting, hybridization and detection Analysis 2.02, Apple Macintosh) and the results expressed

Following denaturation with sodium hydroxide, PCR pro- as a.rat|o of cytokine toS-actin density. In this way,
cytokine levels could be compared between samples

ducts were manually blotted on gridded nylon membrane . .
(Hybond N+, Amersham), one for each cytokine tested.The?cREg?h different cytokines cannot be compared to each

membranes were pre-hybridized for 4—6h, followed by

hybridization overnight at #4Z with the respective probes

diluted at 100 ng/mL. Double-stranded probes were proReproductibility of PCR and dot blot

duced by PCR reactions using biotin-16-dUTP (Boehringepna from PHA-stimulated adult mononuclear cells was
Mannheim, Germany) at a ratio of 7:1 dTTP:dUTP. Thegmpjified in parallel for-actin and cytokines (all in
template for probe synthesis were: chicken cDRACHN  yiplicates) for a cycle analysis. In the linear range of the
plasmid (gift from Dr Bruce Robinson, UWA, Australia); ampiification, the mean intra-subject variation of the densi-
human IL-4 cDNA plasmid (DNAX, USA): human IL-5  {ometry values (minus matched background) was 15%.
CDNA plasmid (clone 118), and humaiFN cDNA plas-  ajso, cDNA samples from six children were tested for
mid (clone C12), both donated by Dr Colin Sanderson,iin and cytokines in two completely separate experiments.

(TVW Telethon ICHR, Australia). Following washing the mean variation for the densitometry values was 28%.
under increasing stringency conditions, the binding of the

probes to the DNA was visualized by chemiluminescenc
using a commercial kit (ECL, Amersham) following manu-
facturer's instructions. The membranes were exposed tblon-parametric analysis (Mann—Whitney two-tailed) were
Hyperfilm (ECL, Amersham) and developed. The intensityperformed, using the program Instat 2.0 (GraphPad Soft-
of each dot was then determined using a densitometer (Scaware, San Diego, CA, USA).

e . . .
Statistical analysis
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Fig. 1. Lymphoproliferative responses to S H ° 8
food vs inhalant allergen at different ages. o . o ©
Data shown aréH-DNA synthesis as Q@ © 9 o
medianA DPM from replicate cultures. < . 8 8
@, positive responses defined here as .§. § §
Stimulation Indices (test/background 8838 000 8568 88
control) above 3 independent of DPM, HDM OVA HDM OVA HDM OVA
O, below 3. Population medians are |_ J |_ J |_ J
designated by horizontal bars. 1.5y0 Syo Adults
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Results 7 °

Lymphoproliferative responses to dietary vs inhalant
allergen

»
T
[ ]

We focused upon the archetypal airborne (inhalant) allergen
House Dust Mite (HDM) and the archetypal food allergen
ovalbumin (OVA). In the initial phase of these experiments
we sought to extend earlier findings on the qualitative and -
guantitative differences in postnatal development of T-cell
immunity to these two classes of allergens, as detectable by
allergen-induced lymphoproliferation. It has recently been
demonstrated [7—10] that a significant proportion of cord
blood T-cell samples proliferate in response to OVA and
HDM, and further that these responses diverge postnatally -2
[10]. This phenomenon was further investigated in the
experiments illustrated in Figs 1 and 2.

As shown in Fig. 1 and in our earlier studies [18]90%
of adult PBL samples demonstrate moderate-large lympho-
proliferative responses to HDM (median approximately
20x10°A DPM per culture), compared with the low fre-
quency and low intensity (median approximately
2x10°A DPM) of responses to the food antigen OVA,
and these differences are already evident by age 1.5 years

nized

(6]
T

4 o00 °

e sets recog

Number of pooled pep

However, we and others [7—10] have previously demon- 1+ ' 44
strated that OVA and HDM responses occur with compar-

able (and relatively high) frequency in cord blood (CB),

which suggests selective censoring of responses to the food

antigen may have occurred postnatally. This possibility was LYY Seceece
further explored in the experiments of Fig. 2, involving Cord 5 years

crude epitope mapping of responses to OVA in CB vs 5- blood

year-old samples. The simultaneous expression of reactivityig_ 2. Crude epitope analysis of T-cell responses to OVA. A
against several regions of the OVA molecule by CB T cellspeptide set spanning the OVA molecule comprising 19 mers with
make it unlikely that these early responses are against crosgn overlap of 5 at each end was used; due to the restricted numbers
reacting antigens; the findings are instead more consistent cells available, they were pooled in (consecutive) groups of 3;
wih primary immune responses in which immunodomi- each peptide was used at a final concentration gfgd@L. Data
nance is yet to be established. These experiments furthéhown indicate the number of peptide pools eliciting positive
demonstrate that at the population level, the frequency ofésponses in individual PBL samples from cord blood and
lymphoproliferative responses to OVA, and the number of>-year-olds.
epitopes recognized by each positive responder, was higher
in the CB relative to the 5-year-old samples; these popula-
tion findings require confirmation in individual subjects via
prospective cohort studies spanning this age range, amf ‘leakage’ appears to occur between childhood and adult-
these are in progress in several centres, including our owrhood leading to the re-establishment of a small peripheral
However, on the basis of the present findings we hypothepool of reactive T cells; it is noteworthy, however, that the
size that, by analogy with murine high dose Oral Tolerancdatter appears log-scale reduced relative to the anti-HDM T-
[13], the regulatory process which eventually dominatescell pool.
these responses to OVA is high zone tolerance (T-cell The precise mechanisms underlying regulation of the
anergy and/or deletion) induced by postnatal exposure toesponse to the inhalant allergen remain to be defined in
this ubiquitous allergen in the normal diet, leading todetail. However, given that positive HDM reactivity is
effective censorship of the peripheral OVA-reactive T-cellessentially universal (Fig. 1 and reference [12]) and is
population. The nadir of OVA-specific T-cell reactivity polarised towards either THike or THy-like cytokine
appears to be during infancy, after which a small degregatterns [2—4], it may reasonably be postulated that the
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Fig. 3. Representative example of a Dot
blotting analysis ofs-actin (upper blot)
and IL-4 (lower blot) specific amplified
cDNA from 12 5-year-old children. Total
RNA was extracted from mononuclear
cells, reverse transcribed, amplified and
blotted, followed by detection with
double stranded biotinilated specific
probes. The autoradiographs were
scanned and the results expressed as a
ratio of cytokine tog-actin density.

C: control (only cell culture medium),

H, House Dust Mite; O, Ovalbumin.

dominant regulatory process shaping these responses iifancy. The relatively low level of the infant T-cell
classical Immune Deviation via mechanisms related taesponses (evident from Fig. 1) precluded the use of
those in [14]. This suggestion is consistent with recenttommercial assay systems for cytokine protein, and we
results from animal models on regulation of T-cell were thus forced to rely upon sqPCR for determination of
responses to aerosolised antigen [15]. Moreover, the dissytokine-specific mMRNA. Rigorous standardization of this
parity in regulatory mechanisms involved in OVA versus methodology was undertaken employing procedures
HDM responses may be explicable on the basis of theleveloped elsewhere [16] (detailed below). In particular,
differences between respective levels of postnatal allergeoycle analyses were performed for each cytokine on
exposure, viz. dietary antigens presented via the gastrisamples from each age group, and cycle numbers were
mucosa in high concentrations (mg/g levels for food anti-chosen that were in respective linear expansion ranges.
gens) would appear to be in the dose range required tBCR products in each sample were quantified on a relative
induce T-cell deletion/anergy [13], whereas the nanogranibasis by reference to endogena8iactin after Dot blot-
levels of inhalant allergens encountered at respiratorying and probing with enzyme-conjugated homologous
mucosal surfaces are sufficient only to drive low zoneprobes (representative example in Fig. 3), followed by
tolerance/immune deviation mechanisms [6,13]. densitometric scanning.

Given that the TH-skewed allergen-specific cytokine
response profile characteristic of atopy in adults has been
defined on the basis of cytokine protein production [2—-4],
semi-quantitative Reverse Transcriptase Polymerase we f_elt it was necessary to formally demonstrate that similar

. . profiles would be revealed at the mRNA level by the sqPCR
Chain Reaction (sqRT-PCR) - .
method used here. Therefore preliminary experiments were
The remainder of this study focused on defining of theperformed with PBL from HDM-IgE-positive and normal
contribution of hallmark TH and TH, cytokines to these subjects, and as shown in Fig. 4 the adult allergic group
immune responses, asking in particular whether the/TH exhibit the hallmark IL-4/IL-5 responses previously
TH, balance in adulthood is set during or subsequent taescribed [2—4].

Analysis of allergen-specific cytokine responses by

© 1997 Blackwell Science LtdClinical and Experimental Allergy27, 1261-1269
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1.0 history negative group displayed a low level JHsponse
involving IL-5-specific mMRNA to OVA allergen only. The
TH, cytokine component of the responses in the history
positive group here (and in Fig. 6) may involve eithergTH
0.8} or TH; cells, and further studies involving generation of
clones are in progress to address this issue.

Figure 6 extends these observations to the 5-year-old age

= group. Obijective criteria for atopy in these children was
T 8 o6} . . obtained via a positive SPT to HDM; reactivity to OVA is
o Z rare in randomly selected children in this age range in our
s population &5%), and is not tested unless dictated by
%g distinct symptomology; the SPT group here were classified
28 o4l on the basis of reactivity to HDM. The findings in Fig. 6
iig reveal strong and consistent IL-4/IL-5 responses to HDM,
og again with concomitant IF{ reactivity, within the atopic

group; in contrast, the non-atopic group demonstrateylFN
0.2 responses to HDM in the absence of J¢ytokines. Occa-
sionally low level positive responses to OVA were
observed, but these were not significant on a population
basis in either group.

c HDM c HDM
Ty — L s — Discussion

Fig. 4. Allergen-specific cytokine mRNA responses in adult ato- The results of this study provide new insight into the
pics and normals. PBL from a panel of five atopic HDM-respon-aetiology of human allergic disease. One important issue
de_rs and five normals were stimulatedvitro with HDM for 24h which may now be approaching resolution, is the wide
prior to RNA extraction and subsequent sqPCR analysis, agjisparity in the prevalence of allergy to airborne allergens
SIeFalled in Methods. Data shown represent mean respanses (high) vs food antigens (low). As noted above, recent
stimulated cultures> controls:P < 0.05. 8, HDM-IgE positive . . . . .
results, ], HDM-IgE negative results. studies on do_se—response re!aupnshlps in exper|mental
oral tolerance in rodents [13] indicate that the particular
control mechanism which is employed for immunoregula-
Allergen-specific cytokine responses to HDM and OVA in tion of individual T-cell responses to protein antigens
infancy and early childhood presented at the body’'s mucosal surfaces, is dictated by
the antigen dose. Thus, high dose exposure appears to
Cytokine mRNA analyses on a group of 27 infants arepreferentially trigger T-cell deletion, while at lower doses
shown in Fig. 5. Classification of infants as atopic/non-T-cell anergy mechanisms dominate, and at the extreme
atopic is complicated by the fact that objective markers suclflow) end of the range the only option available appears to
as specific IgE antibody titres and skin-prick test (SPT)be immune deviation [6,13].
responses to inhalant allergens at this age are usually low, It is likely that considerable overlap exists with respect
and symptom information provided by parents is oftento the ranges over which these mechanisms operate. How-
unreliable. It is accordingly difficult to accurately classify ever, the available published data suggest that the low
respiratory or gastric symptoms as atopic versus inflammaexposure levels which constitute the norm for inhalant
tory/non-atopic. Indeed when cytokine responses within thisllergens are sufficient only for the triggering of immune
population were analyzed by comparing ‘symptom positive’deviation mechanisms. In contrast, it may be expected that
to ‘symptom negative’ infants, no significant differencesimune responses to dietary antigens are mainly subject to
were found. regulation via deletion/anergy mechanisms triggered by the
However, as shown in Fig. 5, significant differences werehigh exposure levels involved. Given the wide concentra-
observed when the study population was subdivided on théon range over which food antigens are commonly encoun-
basis of atopic family history. Thus, at mean age 1.5 yeardgered (viz. as supplements vs primary dietary items), it is
the group with enhanced genetic risk for atopy defined byalso likely that on many occasions exposure to the same
positive family history demonstrated a mixed cytokine antigens will occur within the range in which low-dose
response to both classes of allergens, characterized by limmune deviation operates, and hence this mechanism may
4/1L-5 and IFNy mRNA production. In contrast, the family remain available as a back-up for control of any food
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1.0
Fig. 5. Allergen-specific cytokine
responses in infants with or without atopic
family history. PBL from 18 infants with *
positive family history and nine without
history were cultured for 24 h at §eells/ 05l

mL in medium alone (C) or with optimal
stimulating levels of HDM or OVA
allergen, prior to RNA extraction and
subsequent sqPCR analysis for cytokine-
specific mMRNA, as detailed in Methods.
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Data shown represent mean responseas. : : % %
*stimulated cultures- controls: c HDM OVA c HDM OVA
*P < 0.005. *P < 0.01.8, IL-4, &, IL-5,
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Fig. 6. Allergen-specific cytokine
responses in 5 year olds with positive or
negative SPT responses to HDM. PBL
from 20 children with positive SPT
responses to HDM and 20 who were SPT
negative, were tested for allergen-specific
cytokine responses to HDM and OVA, as . 7 7 i

Egr Fé)gog :fgmucl)a(';eld*iglliuregSg;trols: c HDM OVA c HDM OVA
< 0.05. *P < 0.01; < 0.001.
B, IL-4, @, IL-5, &, IFNy. L—sprnng l—SPTIJos—l
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Cytokine Specific mRNA
(normalized against 3-actin)
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antigen-reactive T cells that escape censorship via anerggest productive research avenues for pursuit of this question.
deletion. In particular, a series of reports relating to murine neonatal
The key finding from this study relates to the time frametolerance have highlighted the importance of previously
over which the immune system establishes control of theseovert immune deviation phenomena in this process
responses, i.e. during very early life. While formal prospec{17,18]. It is evident that at least in mice, the neonatal
tive studies are required to ascertain the precise sequenceiaimune system is constitutively skewed towards, TED—
events in individual children, it is clear that on a population22], such that early postnatal exposure to exogenous antigen
basis, the adult equivalent patterns of immunity characterean under certain conditions preferentially prime for,TH
istic of the two classes of allergens are imprinted within thememory [17,18]. In addition, the nature of the antigen
first 5 years of life. The central question that can now bepresenting cells (APC) involved in the priming process
addressed in much more specific terms than was previouslyan further influence the subsequent direction of these
possible, is: how/why do these T-cell regulatory processesmmune responses [17].
‘fail'’ in atopic individuals, particularly in the case of  These findings in experimental animals have important
immune responses to inhaled antigens, leading to théheoretical implications for the future study of TH-memory
development of potentially pathologic Btékewed [2-5] development against environmental allergens in humans. As
or in some cases T¢-like [1] TH-memory? noted earlier [23,24], human infants display reduced capa-
Recent developments in the experimental literature sugeity to produce the principal THcytokine IFNy, and this

© 1997 Blackwell Science LtdClinical and Experimental Allergy27, 1261-1269



1268 A. Yabuhareet al.

deficiency is greatest in infants genetically at risk for 6 Holt PG. Immunoprophylaxis of atopy: light at the end of the
development of atopy [9,11,25-28]. This suggests that tunnel? Immunol Today 1994; 15:484-9.
biased TH-cell immunity and associated ‘tolerance’ phenom- 7 Kondo N, Kobayashi Y, Shinoda S, Kasahara K, Kameyama T,
ena are also likely to be operative in human neonates, and as a 'Wasa S, Orii T. Cord blood lymphocyte responses to food
consequence may be expected to play a significant role in antigens for the prediction of allergic disorders. Arch Dis Child
TH4/TH, selection in the immune responses to environmental 1992’ 67'100377' ) . . .

I tered duri thi iod. A dinal 8 Piastra M, Stabile A, Fioravanti G, Castagnola M, Pani G, Ria F.
a ergens encc_Jun ere uring this Pe”o " ceor '_ng Y Cord blood mononuclear cell responsiveness to beta-lactoglo-
detailed analysis of the nature of T-cell immunity to environ-

. . i bulin: T-cell activity in ‘atopy-prone’ and ‘non-atopy-prone’
mental allergens in late fetal life, which in many cases appears newborns. Int Arch Allergy Immunol 1994; 104:358—65.

to constitute the priming phase in these responses [7—10]9 warner JA, Miles EA, Jones AC, Quint DJ, Colwell BM,
merits a high priority in future research in this area. Warner JO. Is deficiency of interferon gamma production by
As noted above, recent findings imply that ¥1FH, allergen triggered cord blood cells a predictor of atopic
switch regulation in murine neonatal tolerance is also eczema? Clin Exp Allergy 1994; 24:423-30.
subject to regulation by APC, and in particular that priming10 Holt PG, O'Keeffe PO, Holt BJ et al. T-cell ‘priming’ against
of neonates with mature Dendritic Cells (DC) can environmental allergens in human neonates: sequential
redress the effects of the underlying Tikew in the deletlon_ of food an_tlgen specificities dunng mfancy with
neonatal T-cell compartment and thus facilitate the induc- Ecllcig::oenrw]gar;}eg)%laenrslorllm?;ursslpfg;gs;g;l:;gwtous inhalant
tion of TH;-like immunity [17]. In thls_context, we havg 11 HoItgPG, Clough JBQ,,)I/-IoIt BJ et al. Genetic ‘risk’ for atopy is
recently demonstrated that the principal APC population  associated with delayed postnatal maturation of T-cell
responsible for delivery of inhaled allergen to the adult  competence. Clin Exp Allergy 1992; 22:1093-9.
immune system, comprising a network of DC that ramify 12 Upham JW, Holt BJ, Baron-Hay MJ et al.
throughout the epithelium lining the airways, is poorly
developed at birth and does not fully mature until after
weaning [29,30]. During this perinatal period the cells of unmasked by serum-free medium. Clin Exp Allergy 1995;
this network express extremely low levels of MHC class I,  25:634-42. . _ _
respond poorly to inductive signals from cytokines such ag3 Friedman A, Weiner HL. Induction of anergy or active sup-
GM-CSF, and exhibit low APC activity. Given that aller- zress'on”f]:’r':%";’lgg orilggt)cjllegalnggsg ggtermmed by antigen
. . : . . osage. ; 91: -92.
gens delivered throggh th_e a”.""ay epithelium are I”?ely to14 Mosr?wann TR, Co?f>r/nan RL. TH1 and TH2 cells: different
represent the principal stimuli for the TAH, sglegtlon patterns of lymphokine secretion lead to different functional
process which shapes the responses denoted in Figs. 5 and

eSS ) - : properties. Annu Rev Immunol 1989; 7:145-73.
6, it is likely that factors which contribute to the functional 15 pMcMenamin C, Hold PG. The natural immune response to

Inhalant
allergen-specific T-cell reactivity is detectable in close to
100% of atopic and normal individuals: covert responses are

maturation of this DC network during infancy may also
play an important role in determination of allergen
responder phenotype.

inhaled soluble protein antigens involves major histocompat-
ibility complex (MHC) class I-restricted CDS8T cell-mediated
but MHC class ll-restricted CDZT cell-dependent immune

deviation resulting in selective suppression of IgE production. J
Exp Med 1993; 178:889-99.

16 Doi S, Gemou-Engesaeth V, Kay AB, Corrigan CJ. Polymerase
chain reaction quantification of cytokine messenger RNA
expression in peripheral blood mononuclear cells of patients
with acute exacerbations of asthma: effect of glucocorticoid
therapy. Clin Exp Allergy 1994; 24:854—867.

17 Ridge JP, Fuchs EJ, Matzinger P. Neonatal tolerance revisited:

2 Wierenga EA, Snoek M, de Groot C, Ctiem |, Bos JD, Jansen turning on newborn T cells with dendritic cells. Science 1996;
HM, Kapsenberg ML. Evidence for compartmentalization of 271:1723-1726.

functional subsets of CIJ T lymphocytes in atopic patients. J 18 Singh RR, Hahn BH, Sercarz EE. Neonatal peptide exposure

Immunol 1990; 144:4651-6. can prime T cells, and upon subsequent immunization induce
3 Romagnani S. Induction of THand TH; responses: A key role their immune deviation: implications for antibody vs. T cell-
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