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Recent evidence points to the recruitment of T,2 cells, pheno-
type T lymphocytes, their activation, and the generation of T 2
cytokines, particularly IL-4 and IL-5, in both peripheral blood
and bronchial mucosa of asthmatic patients, leading to local
tissue eosinophilia and IgE-dependent mast-cell activation.
Activation of T,2 T lymphocytes appears to be specific for
asthma (as opposed to airway obstructive disease) and was
shown to correlate with asthma severity as evidenced by the
inverse correlation between CD25*/CD4+ cells and peak expi-
ratory flow rates. These findings support the fundamental
importance of T-lymphocyte responses in bronchial asthma
and delineate potential therapeutic strategies, such as broad-
based immunosuppression versus a more selective approach
targeted against CD4+ T lymphocytes. The high efficacy of top-
ical treatments (ie, inhalation) supports the notion that
changes that are detectable in peripheral blood merely reflect
a “spill-over” of local T-lymphocyte responses in the target
organ. Conversely, the multiple systemic manifestations of
allergy (such as allergic rhinitis and atopic dermatitis in atopic
patients) support systemic therapeutic approaches. (J Allergy
Clin Immunol 2000;106:S221-6.)
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T lymphocytes (T cells) are the only cells capable of
responding to the antigenic peptides that are expressed on
the surface of antigen-presenting cells with the relevant
major histocompatibility complex class II molecule and
other costimulatory signals. On the basis of murine stud-
ies, T-cell responses are classified into 2 subtypes, depend-
ing on their cytokine profile in response to antigenic stim-
ulation.! T,;1 cells predominantly express IFN-y and IL-2,
whereas T2 cells preferentially express IL-4 and IL-5.
Although less clearly delineated, this classification was
shown to be relevant to human T-cell responses.2-3
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Both allergic and parasitic infections in humans are
characterized by T,2-cell responses. IL-4 was shown to
induce B-cell production of a sterile germline gene tran-
script, which is a necessary first step toward
immunoglobulin heavy-chain gene rearrangement and
subsequent IgE messenger RNA and protein production.’
IL-5 promotes the terminal differentiation of eosinophils
from precursor cells in the bone marrow® and selectively
activates eosinophils and prolongs their survival at sites of
allergic inflammation.” Typically, exposure to aeroaller-
gens on mucosal surfaces occurs at very low allergen
doses over prolonged periods of time. In general, low
allergen concentrations, IL-4,8 and preferential antigen
presentation by B cells®-10 all favor a T,2-cell phenotype.
In contrast, high antigen concentration, antigen presenta-
tion by macrophages, and the absence of IgE receptors on
the surface of antigen-presenting cells favor the develop-
ment of a T;;1-cell phenotype. Preferential T,;2-cell devel-
opment leads to increased local IgE production and tissue
eosinophilia, which characterize late-phase responses and
ongoing chronic allergic inflammation, comparable to
day-to-day allergic asthma.!l.12

We present evidence that points to the recruitment of
T2 cells, their activation, and the generation of T,2-cell
cytokines, particularly IL-4 and IL-5, in both the periph-
eral blood and the bronchial mucosa of asthmatic patients.

PERIPHERAL T-CELL RESPONSES

The activation of T cells in vivo was accompanied by
increased surface expression of certain markers including
CD25 (ie, IL-2 receptors).13 With the use of flow cytom-
etry, a marked increase in IL-2 receptor (IL-2R) expres-
sion was observed on the surface of circulating CD4+ T
cells in patients with severe acute asthma when com-
pared with the T cells in patients with asymptomatic mild
asthma. These changes appeared unrelated to atopy per
se, because they were not detected in the peripheral
blood of atopic patients (ie, those with positive skin tests
to common allergens but without bronchial asthma).
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FIG 1. Serum IL-2R concentration in patients with acute severe
asthma versus control groups. The dotted line represents the
95% confidence interval for the range of values in normal control
subjects. COAD, Chronic obstructive airway disease. (From Cor-
rigan CJ, Kay AB. CD4 T-lymphocyte activation in acute severe
asthma: relationship to disease severity and atopic status. Am
Rev Respir Dis 1990;141:970-7. With permission. Official Journal
of the American Thoracic Society. © American Lung Association.)

These changes did not reflect airway obstruction because
the numbers of CD4+/CD25* cells detected in asthmatic
patients were markedly higher than those observed in
patients with chronic obstructive pulmonary disease (ie,
airflow obstruction with no detectable airflow reversibil-
ity). Furthermore, the inverse correlation between
CD25+/CD4+ cells and peak expiratory flow rates sug-
gested a relationship between IL-2R expression on circu-
lating cells and asthma severity.!4 There were also
increased peripheral blood concentrations of the soluble
form of the IL-2R, an alternative indirect serum marker
of T-cell activation (Fig 1).14

We also performed in situ hybridization studies that
used gene probes to detect production of T2 cytokines
by CD4+ and CD8+ T cells isolated from peripheral
blood. These measurements were performed before
and after oral corticosteroid therapy in patients with
severe asthma. There was an increase in IL-4, IL-5
mRNA+ cells, and GM-CSF mRNA+ cells, but not in
the number of IL-3, IL-2, or INF-y mRNA* T cells.!5
There were marked reductions in the expression of
these T,2 cells after daily treatment with prednisolone
for 7 days. Serum IL-5 was also detectable in a pro-
portion of these patients with acute severe asthma.
Serum IL-5 concentrations correlated with blood
eosinophilia and with the percentage of CD25+/CD4+ T
cells in peripheral blood and were also inhibited by
oral corticosteroid treatment. !0

More recently, the functional properties of circulating
T cells were assessed by in vitro culture of peripheral
blood mononuclear cells from subjects with mite-sensi-
tive allergy.!7 Short-term cultures were incubated with
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concentrations of house dust mite allergen that were opti-
mal for proliferation and for cytokine production. IL-5
was measured in supernatants that were harvested from
6-day cultures, and proliferation was assessed after a fur-
ther 16 hours by a measurement of the radioactive thymi-
dine incorporation (Fig 2).17 In general, the highest level
of mite-induced T-cell proliferation and IL-5 production
occurred in atopic asthmatic patients. Intermediate levels
were detected in patients with allergic rhinitis, and very
low levels were detected in atopic, asymptomatic, and
nonatopic normal individuals. The principle sources of
IL-5 in these experiments were CD4+ T cells. This was
demonstrated by the complete inhibition of IL-5 produc-
tion after depletion of peripheral blood mononuclear
cells with the use of magnetic separation techniques with
negative selection for CD4*, but not CD8* T cells. In
asthmatic subjects, IL-5 expression correlated closely
with the level of bronchial hyperreactivity measured by
histamine challenge.!”

BRONCHIAL T-CELL RESPONSES

Extensive evidence now supports a primary, proin-
flammatory role for T2 T cells in the bronchial mucosa
of asthmatic patients.

Activated CD25* T cells are present in bronchial biop-
sy specimens,!8 and bronchoalveolar lavage (BAL)!2
fluid obtained at fibreoptic bronchoscopy from patients
with atopic asthma. In general, T-cell activation and the
preferential production of IL-4 and IL-5 (as opposed to
INF-y and IL-2) correlated with local tissue eosinophilia,
asthma severity (determined by symptom scores), FEV,
diurnal variation in peak expiratory flow rates, and
bronchial hyperreactivity. 19

T-cell activation and tissue eosinophilia are also fea-
tures of occupational asthma.20 They are detectable in
patients with so-called “intrinsic” late-onset asthma in
whom skin prick tests to common inhaled allergens are
negative and in whom an allergic cause could not be
detected.2! Intrinsic asthma is additionally characterized
by a more intense inflammation with an increase in
CD68* macrophages and an increase in the expression of
GM-CSF receptors, particularly on the surface of CD68*
macrophages.22

T-cell activation, T2 cytokine expression, and local
eosinophilia (detected in BAL23 and bronchial biopsy
specimens?4), are upregulated after allergen inhalation
challenge. In BAL fluid, a close association was observed
between CD25 expression by CD4* T cells, local IL-5
mRNA cells, and bronchoalveolar eosinophilia. Further-
more, in agreement with previous authors, we found a
close correlation between bronchoalveolar eosinophilia
and the magnitude of the late asthmatic response (Fig
3).25 These changes can be inhibited by both topical26 and
oral corticosteroid treatment (Fig 4).27 Moreover, local T-
cell activation and expression of T,2-type cytokines are
specific for bronchial asthma as opposed to other inflam-
matory airway disorders, including tuberculosis and
bronchiectasis.28
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FIG 2. Proliferation and IL-5 production by peripheral blood T-cell cultures in patients with asthma and sen-
sitive allergy to house dust mite (AA), in patients with allergic rhinitis (AR), in atopic asymptomatic patients
(AASY), and in nonatopic normal control subjects (N). Peripheral blood monocytes were cultured for 6 days
in the presence of optimal concentrations of house dust mite before the measurement of IL-5 production
in culture supernatants by enzyme-linked immunosorbent assay and tritiated thymidine incorporation.
(From Till S, Dickason R, Huston D, Humbert M, Robinson D, Larche M, et al. IL-5 secretion by allergen-stim-
ulated CD4+ T cells in primary culture: relationship to expression of allergic disease. J Allergy Clin Immunol
1997;99:563-9. With permission.)
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FIG 3. T-cell activation, IL-6 mRNA expression, bronchoalveolar eosinophilia, and the magnitude of the late-
phase asthmatic response (LPR) in bronchoalveola of atopic asthmatic patients after allergen inhalation
challenge. Patients were challenged with house dust mite or grass pollen extract. Twenty-four hours later,
fiberoptic bronchoscopy and BAL were performed. CD25 expression on T cells was measured by flow
cytometry. Eosinophils and IL-5 mRNA expression were detected with immunostaining and in situ
hybridization of BAL cytospin preparations, respectively. The late-phase asthmatic response was recorded
as maximal fall in FEV, at 3 to 24 hours after the challenge. Correlations among cell counts and the late-
phase asthmatic response were determined by the Spearman’s rank method. (Adapted with permission
from Durham SR, Kay AB. Late allergic responses. In: Kaplan AP, ed. Allergy. 2nd ed. Philadelphia, PA: WB
Saunders; 1997:292.)

INFLUENCE OF IMMUNOTHERAPY

The value of allergen injection immunotherapy in
patients with allergy and IgE-mediated disease was high-
lighted in a recent World Health Organization report.2% In
pollen-sensitive patients, immunotherapy induces
changes in circulating antibody levels3 (blunting of sea-
sonal increases in IgE and profound increases in aller-
gen-specific IgG concentrations), decreased mast cell
migration3! and mediator release,3? and decreased tissue
recruitment and activation of eosinophils after allergen
provocation.33 These changes are considered secondary
to the effect of immunotherapy on T-cell responses that
are detectable in both the peripheral blood and the target
organ. Immunotherapy induces an alteration in the

T,2/T,1 T-cell balance in favor of T,1 responses. This
may occur as a consequence of immune deviation of
T,2/T,0 responses in favor of T,l responses or the
downregulation of T,0/T,2 responses (eg, through T-cell
anergy; Fig 5).34.35

Suppression of late responses in the skin by
immunotherapy was accompanied by an increase in IL-
12 mRNA expression, predominantly by macrophages.36
This raised the question whether local T cells at allergic
mucosal sites remain susceptible to the influence of
inhibitory cytokines (including IL-12, IFN-y, IL-10, or
transforming growth factor-f3). To determine whether the
proliferation and production of IL-5 by T cells from the
target organ could be inhibited by pretreatment with IL-
12, we recently examined cultures of enriched T cells
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FIG 4. The influence of prednisolone tablets (0.6 mg/kg daily) versus placebo on airway methacholine
responsiveness, the numbers of IL-6 mRNA* cells, and the number of eosinophils in the BAL fluid that was
harvested before and 2 weeks after treatment. Between-group differences (after/before treatment) were sig-
nificant for methacholine PC,, for IL-6 mRNA* cells, and for eosinophils. Two-tailed Mann-Whitney U test
probability values are shown. (Adapted with permission from Robinson D, Hamid Q, Ying S, Bentley A,
Assoufi B, Durham S, et al. Prednisolone treatment in asthma is associated with modulation of bron-
choalveolar lavage cell interleukin-4, interleukin-5, and interferon-y cytokine gene expression. Am Rev Respir
Dis 1993;148:401-6. Official Journal of the American Thoracic Society. © American Lung Association.)

that were purified from BAL fluid that was obtained 24
hours after segmental allergen challenge in atopic asth-
matic patients. We found that allergen-stimulated T cells
from BAL produced approximately 5- to 10-fold more
IL-5 than equivalent numbers of peripheral blood T cells
from the same patients.3” This enhanced IL-5 production
by T cells obtained directly from the lower airways was
inhibited in a dose-dependent fashion by IL-12.38 This
effect of IL-12 was independent of IFN-v, because it was
not inhibited by the addition of a neutralizing concentra-
tion of anti—-IFN-y antibody to the cultures.5 Further-
more, IL-12B2 receptor mRNA* transcripts were
detectable by in situ hybridization in cytospin prepara-
tions of enriched BAL T cells that were obtained after
allergen provocation, consistent with the persistence of
susceptibility to IL-12.38 The most likely explanation for
these findings was that, unlike certain committed T2
clones, T cells harvested from the site of allergic inflam-
mation in the bronchi remain susceptible to the effects of
inhibitory cytokines.

CONCLUSIONS

Cardinal features of bronchial asthma include local
tissue eosinophilia and IgE-dependent mast-cell activa-
tion. These mechanisms are under the regulation of

cytokines that are derived from T,;2 T cells. Activation of
T,2 T cells in the bronchi in atopic subjects appears spe-
cific for asthma, as opposed to other diseases that are
associated with airway obstruction. The production of
T,2 cytokines correlated with asthma severity, was
inducible by allergen, and was inhibited by cortico-
steroids. Allergen-specific immunotherapy induces a
shift in the T,2/T,1 T-cell balance in favor of Tl
responses. This may occur as a consequence of immune
deviation of T;2/T,1 responses and/or induction of aller-
gen-specific unresponsiveness of T,2/T,0 T cells (eg,
through anergy).34 These findings support the fundamen-
tal importance of T-cell responses in bronchial asthma
and highlight potential strategies for therapy. Broad-
based strategies include immunosuppression with alter-
natives to corticosteroids (eg, cyclosporin A)39 and the
use of more selective strategies directed against CD4+ T
cells,40 IL-5,4142 and/or 1L-4.43

An important question is whether therapy should be
directed locally to the affected mucosal surface or by the
systemic route. The systemic nature of allergic disease is
reflected by the parallel changes of T-cell activation and
cytokine production that are detectable in peripheral
blood and in the bronchial mucosa and BAL fluid. It is
not clear whether changes that are detectable in the
peripheral blood reflect a “spill-over” of T-cell responses
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FIG 5. Hypothesis of the mechanism of allergen-induced late
asthmatic response as a consequence of T,2-type T-lymphocyte
activation. Whereas corticosteroids inhibit T,2-cytokine produc-
tion, allergen injection immunotherapy may act by inducing T-
cell unresponsiveness (anergy) and/or immune deviation in favor
of T,1 responses. APC, Antigen-presenting cell.

in the target organ. The high efficacy of topical treat-
ments (ie, through inhalation) supports this concept. On
the other hand, the presence of multiple systemic mani-
festations of allergy, including allergic rhinitis, bronchial
asthma, atopic eczema, and food allergy in atopic sub-
jects would support systemic therapeutic modalities.
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