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ABSTRACT

Background: T lymphocytes infiltrating airways during
the allergic immune response play a fundamental role in
recruiting other specialized cells, such as eosinophils, by
secreting interleukin 5 (IL-5), and promoting local and
systemic IgE synthesis by producing IL-4. Whether these
presumed allergen-specific T cells are of mucosal or sys-
temic origin is still a matter of conjecture.
Materials and Methods: Immunophenotype, IL-4
production, and in vitro proliferative response to specific
or unrelated allergens were analyzed in the bronchoal-
veolar lavage (BAL) fluid lymphocyte suspensions ob-
tained from untreated patients with allergic asthma.
Healthy subjects and patients affected by pulmonary sar-
coidosis, a granulomatous lung disease characterized by
infiltrating Thl CD4+ lymphocytes, served as controls.
Results: The proportion of -y6 T lymphocytes, mostly
CD4+ or CD4 -CD8-, was higher in asthmatic subjects

than in controls (p < 0.05). Most BAL 'yS CD4+ lym-
phocytes of asthmatic patients displayed the T cell recep-
tor (TCR)-,yS V81 chain. While CD30 antigen coexpres-
sion on the surface of BAL a(3+ T lymphocytes was low
(ranging from 5 to 12%), about half of pulmonary y6 T
cells coexpressed it. These cells produced IL-4 and neg-
ligible amounts of interferon-y (IFNy), and proliferated
in vitro in response to purified specific but not unrelated
allergens. In contrast, control or sarcoidosis y8 T cells
never displayed the CD30 surface molecule or produced
significant quantities of IL-4.
Conclusions: These findings not only confirm our pre-
vious hypothesis that the allergen-specific Th2-type lym-
phocytes found in the lungs of asthmatic patients are yS
T cells belonging to airway mucosal immunocytes, but
also strongly support the notion that asthma is a local
rather than a systemic disease.

INTRODUCTION
There is considerable evidence that inflammation
is crucial to the pathogenesis of allergic bronchial
asthma. Studies attempting to quantify the mag-

nitude of the airway inflammatory response

have reported increased eosinophils, basophils/
mast-cells, and T lymphocytes in bronchoalveo-
lar lavage (BAL) fluid samples (1,2). Recent find-
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ings suggest that, among these cells, the T
lymphocyte population plays the fundamental
role in both recruiting other specialized cells,
such as eosinophils, by secreting interleukin 5
(IL-5) (1) and promoting local and systemic syn-
thesis of IgE by producing IL-4 (3,4). Activated T
lymphocytes (CD2+CD25+) with such func-
tional activity (Th2-type) have been detected in
the lungs of atopic asthmatic subjects, but never
in normal controls (5). However, the problem of
whether these presumed allergen-specific T cells
are of mucosal or systemic origin remains a mat-
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ter of conjecture. Furthermore, their precise phe-
notype and their role in the induction of airway
dysfunction remain largely unknown.

Reports indicate that a substantial proportion
of CD3+ intraepithelial lymphocytes in the noses
of allergic patients are T lymphocytes which bear
the y6 T cell receptor (TCR) heterodimer (6,7).
Interestingly, in the presence of IL-4, CD4+TCR-
yS+ cells can provide in vitro bystander cognate
T cell help for IgE production (8,9). Mice defi-
cient in af+ T cells were found to make immu-
noglobulins of all isotypes with high levels of IgE
and IgG 1, suggesting a role for y8 T cells in
directing isotype switching (10), a finding re-
cently confirmed in humans (11). Furthermore,
local endobronchial allergen instillation in sensi-
tized asthmatics leads to an inflammatory infil-
trate of the airway mucosa characterized by in-
creased numbers of CD3+ T lymphocytes which
lack the CD4 and CD8 molecules, a phenotypical
feature usually displayed by y8 T cells (12) and,
perhaps, related to those cells (TCR61+) we pre-
viously found in the BAL fluids of untreated
patients with this pathology (13).

With these findings in mind, we asked
whether the detection of Th2-type lymphocytes
in BAL fluid of allergic asthma (5) could be ac-
counted for by a local expansion of allergen-
specific y6 T cells coexpressing the CD30 surface
antigen, a member of the TNF/NGF receptor su-
perfamily present on both CD4+ and CD8+ T cell
clones which produce a Th2-type cytokine pro-
file (i.e., IL-4 and IL-5) (14).

MATERIALS AND METHODS
Patients and Controls
Ten subjects (six children and four adults) with
mildly symptomatic chronic asthma were in-
cluded in the study. At the time of enrollment all
the asthmatic subjects had stable pulmonary
function with a forced expiratory volume in 1 sec
(FEVI) of 70% of that predicted for their age and
height. None of the asthmatics were being
treated with inhaled or oral corticosteroids, so-
dium cromoglycate, theophylline, or 2 agonists.
They had increased airway responsiveness to
methacholine (concentration producing a de-
crease of 20% from baseline in FEV1 < 8 mg/ml).
All were atopic, as defined by positive skin-prick
tests with purified Dermatophagoides pteronyssinus
(Der. pI) allergen extracts (Neo Abello, Madrid,
Spain) and positive for the search of circulating
allergen-specific IgE (ELISA; DPC Corp., Los An-

geles, CA, U.S.A.). None were smokers or had
had upper respiratory tract infections within 8
weeks of investigations. BAL from 10 age-
matched healthy nonatopic, nonsmoking volun-
teers served as control samples. The percentage
and absolute number of BAL y$ T cells from
patients with asthma were also compared with
those calculated in subjects diagnosed as having
pulmonary sarcoidosis (n = 5), a pathological
condition known to be associated with overex-
panded lung ThI-type cell population which dis-
plays the CD4+ phenotype. Informed consent
was given by the children's relatives or directly
by the adult patients, and the clinical research
was conducted in accord with the local ethical
committee guidelines.

Bronchoalveolar Lavage (BAL)
Fluid Collection
Premedication and fiberoptic bronchoscopy were
performed as previously reported (15). Lavage of
the apical segment of the upper right lobe was
done with 20-ml aliquots of pre-warmed physi-
ological saline. Recovered BAL cells were spun
immediately at 200 X g for 10 min at 4°C, and
after resuspension, cytospins were prepared for
differential cell counts.

Reagents and Flow Cytometry
Immunophenotyping was carried out by using
the following mouse monoclonal antibodies
(mAb) separately or in various combinations:
phycoerythrin-conjugated anti-CD3 (OKT3; Or-
tho, Raritan, NJ, U.S.A.), anti-CD4, anti-CD8
(OKT4, OKT8, Ortho), anti CD25 (anti-IL-2 re-
ceptor; Becton-Dickinson Co., Mountain View,
CA, U.S.A.), purified anti-CD30 (a mouse IgG,
mAb, BerH2, a generous gift of Prof. Harald
Stein, Free University of Berlin), fluorescein-
conjugated anti-TCR61 (T Cell Sciences, Cam-
bridge, MA), a pan-reactive 'y6 T cell reagent,
anti-,yVl (a) and -yV2(a) (T Cell Sciences) which
recognize V'yl and Vy2 encoded determinants
and identify two major, nonoverlapping y8 T cell
subsets that between them account for the total
'y8 T lymphocyte population both in blood and
lymphoid tissues. More than two-thirds of the y6
T lymphocytes in the peripheral blood of healthy
individuals are Vy2+ cells, while the remainder
are of the Vyl + subtype (16). For staining, 5,000
to 10,000 cells were resuspended in 50 ,t1 of
saline, incubated at 40C for 30 min, and washed
and analyzed by flow cytometry (FACScan, Bec-
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ton-Dickinson). For the analysis of single-color
and two-color cytofluorimetric data, an electronic
gate was set on the lymphocyte population based
on the forward-angle versus right-angle light scat-
ter histogram. Quadrant markers in fluorescence
histograms were set using matched isotype con-
trols. The Lysis II program (Becton-Dickinson) was
used to optimize gating of lymphocytes, providing
an objective means of excluding debris (noncellu-
lar events due to particulate matter) and other cells
from the lymphocyte gate.

Separation of Enriched yS T-Cell
Populations
BAL mononuclear cells from Der pl-sensitive pa-
tients were separated into sheep red blood cell
rosette-enriched and rosette-depleted subsets, as
described in detail elsewhere (17). On the basis
of their reactivity with the anti-CD3 mAb OKT3
(>98% by immunofluorescence analysis), the
rosetted mononuclear cells were considered
highly purified T cell subsets. BAL yS T lympho-
cytes were negatively selected by incubation
with a mixture of anti-TCR-a43 mAb (anti-,3Fl, T
Cell Sciences; and anti-WT3 1, Becton Dickinson)
followed by incubation with magnetic beads-
conjugated goat anti-human IgG (Dynal, A. S.,
Oslo, Norway). This procedure was performed
according to the manufacturer's instructions. As
several cycles of negative magnetic immunoselec-
tion yielded a >85% TCR61 + cell population
(FACScan analysis) in BAL lymphocyte suspen-
sions, these cells were considered purified 'y6 T
lymphocyte subsets and used for culture and cy-
tokine profile experiments.

Cell Cultures
Mononuclear cells (MC) derived from BAL were
washed and suspended in RPMI-1640 (Gibco,
Grand Island, NY, U.S.A.) supplemented with
10% fetal calf serum, 2 mM L-glutamine, 10 mM
Hepes, 50 U/ml penicillin, and 50 ,tg streptomy-
cin at 106 cells/ml. To assess the allergen specificity
of BAL y8 T cells, 1.2 X 105 MNC and 4 x 104
,y8-enriched BAL T cells (the latter cocultured with
8 X 104 autologous adherent cells) from Der pl-
sensitive patients and, due to the very small per-
centage of y8T cells in normal BAL fluid, MC (1.2
X 105) from normal controls were seeded in mi-
croplates and cultured in medium alone or in the
presence of 1 ,ug/ml purified Der pI (Neo Abello,
Madrid, Spain) or unrelated allergen (purified Lol
pl, Neo Abello) from the Graminaceae family. After

60 hr culture, the cells were pulsed for 16 hr with
0.5 ,Ci [3H]-thymidine ([3H]-TdR), harvested and
the radioactivity measured by liquid scintillation.
Results are expressed as net cpm [3H]-TdR incor-
poration and reflect absolute cpm [3H]-TdR uptake
minus background cpm (cpm incorporated in the
absence of allergen).

Cytokine Profile of Pulmonary Enriched
y8 T Cells

One hundred thousand enriched BAL y8 T cells
from patients with allergic asthma and from five
patients with pulmonary sarcoidosis, and a sim-
ilar number of enriched total T cells from normal
controls were washed in HBSS supplemented
with 0.01 M N-2-hydroxyethylpiperazine-N'-2-
ethanesulfonic acid buffer. Cells were transferred
to adhesion slides (BioRad Laboratories, Munich,
Germany) and were allowed to adhere electrostat-
ically to the slides for 10 min at room tempera-
ture. Excess cells were washed away and the
unbound surface area on the adhesive fields was
blocked with 2% FCS in HBSS for 10 min at
370C. Cells were fixed with phosphate-buffered
4% paraformaldehyde at pH 7.4 for 20 min. Af-
ter subsequent washes with HBSS, the cells were
permeabilized with HBSS supplemented with
0.1% saponin (Riedel-de Haen AG, Seelze, Ger-
many) to allow the intracellular entrance of the
cytokine-specific mAb. Ten microliters of the
mAb (anti-human IFNy, a mouse IgG2a, and
anti-human IL4, a mouse IgGI; Genzyme Corp.
Cambridge, MA, U.S.A.), diluted to the final con-
centration of 1 to 5 ,ug/ml, were added and left to
incubate for 20 min at 370C. The cells were then
washed in HBSS-saponin. Ten microliters of the
FITC-conjugated second-step antibody (goat anti-
mouse IgG2a and IgGl, Southern Biotechnology
Ass., Birmingham, AL, U.S.A.) were added for
further 30 min exposure in darkness at room
temperature. After extensive washing, the cells
were dried on slides at 37°C. Buffered glycerol
containing 2% diazobicyclo-octane was used at the
mounting medium to reduce UV quenching. Slides
were examined by three independent observers on
a Leitz Dialux 20 microscope equipped with a
200-W mercury lamp. Results are presented as the
percentage of positively stained cells of total MC
counted (200 to 800 depending on cell yeld).

Statistical Analysis
Because of the non-normal distribution of sam-
ples, the Kruskall-Wallis one-way analysis of
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TABLE 1. Absolute counts of BAL yOT lymphocytes in patients and control subjects

Lymphocytes CD3+TCR61+ CD4+6V1+ TCR61+30+
(X 106/ml) (x 104/ml) (x 104/ml) (X 104/ml)

Asthma 1.47 + 0.4 29.6 + 2.5a 15.2 + 1.3a 16.9 ± 1.6-
Controls 0.80 ± 0.06 0.2 + 0.1 0.08 ± 0.01 0.01 + 0.001
Sarcoidosis 9.77 + 3.1 12.7 + 3.6 7.8 + 2 0.002 + 0.001

ap < 0.0001 versus controls.
bp < 0.05 versus sarcoidosis patients.
'p < 0.0001 versus controls and sarcoidosis patients.

variance was adopted for statistical evaluation.
Values of p < 0.05 were chosen for rejection of
the null hypothesis.

RESULTS
The absolute number of BAL y6 T lymphocytes,
mostly CD4+ or CD4 CD8 , was significantly
higher in asthmatics than controls, mainly due to
an increase of cells bearing the TCR-,y6 Vyl chain
(Table 1). These values were significantly higher
even when compared with those recorded in
sarcoidosis patients, which usually display an ab-
solute CD4+ lymphocytosis during the active
phase of the disease. A small percentage of af3
(ranging from 5 to 12%), but a significant pro-
portion of BAL y6 T lymphocytes (from 40 to
55%) from asthmatic subjects reacted with the
anti-CD30 mAb used in this study. Similar find-
ings were never observed on either normal con-
trol or sarcoidosis patient T cells. To ascertain
whether this phenoypical pattern represents an
expanded Th2-type lymphocyte subpopulation,
we carried out experiments to determine if cyto-
kines, such as IL-4 and IFNy, which functionally
exclude the expansion of the reciprocal Thl and
Th2 T-lymphocyte subsets, were detectable in
the cytoplasm of BAL y6 T cells. Slide-fixed pos-
itive cells were independently enumerated by
three observers, unaware of the nature of the
employed fluoresceinated probe. The mean per-
centages of counted cells positively reacting with
each of the two cytokines are illustrated in Fig. 1.
Anti-IL-4 antibody-positive pulmonary y6 T
cells were present only in the slides of allergic
asthma patients and virtually absent in the control
and sarcoidosis patient counterparts (p < 0.005).

The expanded Th2-type y6 T cell population

proliferated in vitro in response to specific allergen
stimulation (Table 2), whereas [3H] -TdR incorpo-
ration was weak with unrelated allergens. Control
T cells and ThI lymphocytes obtained from BAL of
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FIG. 1. Percentages of positive-stained (for
both anti-IL4 or anti-IFNy antibodies) enriched
vy T cells from patients with allergic bronchial
asthma compared with those of normal sub-
jects and those of untreated sarcoidosis pa-
tients
For the preparation of slides, see Materials and
Methods. IL-4-positive y6 T lymphocytes in allergic
patients ranged from 25 to 50%, and the mean per-
centage was statistically higher than those calculated
in the control groups.
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TABLE 2. In vitro response of patient's BAL
T lymphocytes to specific or unrelated
allergens

BAL yS BAL Total
T Cells T Cells

Specific allergen
(Der pl 1 ,g/ml) 5300 ± 520a 6950 ± 850
Unrelated allergen
(Lol pl 1 jig/ml) 350 ± 20 450 ± 50

aResults are expressed as net cpm [3H]-TdR incorporation
and reflect absolute cpm [3H]-TdR uptake minus back-
ground cpm (cpm incorporated in the absence of allergen).
Results are representative of all experiments performed in
triplicate on enriched y8 T cells and total T cells from three
Der pl-sensitive patients.

patients with sarcoid alveolitis were always unre-
sponsive to allergen triggering (data not shown).

DISCUSSION
The behavior of cytokine production and non-
classical MHC-related antigen recognition capac-
ity has led to the suggestion that y6 T cells play a
complementary role to that of a'3 T cells in pro-
viding a rapidly induced, but weaker immune
response before the af3 T cell response has fully
developed (18). However, the finding that the
-y-chain of the high-affinity IgE receptor (FcsRI)
is a major functional subunit of the TCR-,y5/CD3
complex (19) suggests that y6 T cells might be
implicated in allergic inflammation, including
asthma, possibly through the recognition of IgE-
complexed allergens. The recent identification of
a locus in the TCR-a/6 region that controls spe-
cific IgE reactions to purified allergens with a
recessive genetic inheritance (20) similar to the
previously identified chromosome 1 lq atopy lo-
cus (21) would seem to support this proposal.

Interestingly, several lines of evidence sug-
gest that CD30 antigen expression and/or soluble
CD30 release are linked to the production of
Th2-type cytokines. First, activated Th2, but not
Thl CD4+ and CD8+ T cell clones express mem-
brane CD30 and release its soluble form. Second,
peripheral blood T cells activated in vitro with
allergens display the surface CD30 molecule,
whereas T cells activated with PPD do not. Third,
allergen specific CD4+CD30+ T cells secreting Th2-

type cytokines are present in the circulation of
atopic donors following allergen exposure (13).

Here, we reported that pulmonary CD30+ y8
T lymphocytes are increased in BAL fluid of pa-
tients with bronchial asthma, and this should be
viewed against the background of our related find-
ings. Furthermore, the in vitro proliferative re-
sponse to purified allergen stimulation and Th2-
type cytokine production strongly support the
notion that BAL lymphocytes bearing the y6 TCR
play a fundamental role in the local immune re-
sponse to inhaled allergens. The finding that some
-y6 T cells recognize unprocessed or native antigen
(22,23), a phenomenon that presumably occurs in
sensitive patients exposed to aeroallergens, lends
supporting evidence for this contention.

The low percentage of BAL CD3+Oag9+T cells
may reflect a small number of cells and/or a level
of surface protein density (as naturally occurs
when extracellular CD30 protein is cleaved and
secreted in its soluble form) (24), below the lim-
its of our cytofluorimetric assay. This may under-
score the relevance of ac3+ T cells during the local
immune response to allergens. However, as
demonstrated in mice infected with Nippostrongi-
lus brasiliensis (25), cytokines produced by y8 T
cells may contribute to the local cytokine milieu
that influences the differentiation of allergen-
specific a(B+CD4+ T cells from ThO to Th2 lym-
phocytes.

Taken together, these data favor the hypoth-
esis that native allergen exposure in genetically
susceptible (atopic) subjects (19,20) could lead to
a local expansion of allergen-specific Th2-type y6
T cells, which in turn amplify the local immune
response by secreting IL-4 and IL-5 (17), thus
recruiting both Th2-type af3+ lymphocytes and
other specialized cells, such as neutrophils and
eosinophils. It is worth noting that a similar sce-
nario may be pharmacologically modified, with
rapid clinical benefit, by administering cortico-
steroids systemically to asthmatic patients and
inducing the apoptotic cell death of the ex-
panded pulmonary y6 T-cell subsets as shown by
our in vitro and in vivo studies (13).
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