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lavage of allergen challenged patients with atopic asthma
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SUMMARY

Asthma has been linked to a chronic, T-cell-mediated bronchial inflammation. Because other T-lym-
phocyte-mediated, chronic inflammatory disorders have been associated with elevated granzyme B
(grB) expression we tested the hypothesis that atopic asthma might be associated with elevated grB lev-
els in the bronchoalveolar compartment. Therefore we performed intracellular grB staining in lympho-
cytes from bronchoalveolar lavage (BAL) collected 42 h after segmental allergen provocation (SAP) in
allergic patients with bronchial asthma. There was a significant increase in CD3*, CD8*, and CD16/56"
lymphocytes expressing grB in BAL 42 h after SAP as compared to saline challenged controls. How-
ever, compared to peripheral blood the percentages of these lymphocyte subsets detected as grB* in
BAL remained significantly lower. Measurement of extracellular grB in BAL fluids by a particle immu-
noassay revealed significantly elevated grB levels in the allergen challenged bronchoalveolar compart-
ment 42 h following SAP in six of the eight patients (range, <1-0-348-1 pg/ml) as compared to saline
challenged controls (range, <1-0-70-5 pg/ml). We conclude that total cell numbers of grB* lymphocyte
subsets increase 42 h after SAP in the lower respiratory tract. In addition there is evidence to suggest
that grB is released into the airways of asthmatic patients. This suggests a role for grB in the patho-
physiological processes following SAP but its definitive role in allergic bronchial asthma needs to be

established.
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INTRODUCTION

Atopic asthma is a complex and heterogenous disease that is char-
acterized by intermittent reversible obstruction and chronic
inflammation of the airways, bronchial hyperreactivity and an
infiltration of eosinophils and lymphocytes into the airway sub-
mucosa [1-3]. However, the underlying aetiological mechanisms
are still elusive. Based on clinical observations it has been hypoth-
esized that asthma might have an autoimmune component [4].
Several studies have reported organ and nonorgan-specific
autoantibodies in asthma. Circulating autoantibodies directed
against smooth muscle, thyroid, parietal cells, mitochondria, as
well as antinuclear antibodies and anti-IgG antibodies have been
described by several groups [5-8]. In one study the frequency of
antinuclear antibodies was increased in patients with asthma and
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aspirin intolerance and these patients were more likely to suffer
from clinical signs of autoimmunity [4]. Yet, the pathogenic sig-
nificance of such autoantibodies remains unclear.

However, studies investigating cell-mediated autoimmune
responses in allergic asthma are rare. Chronic allergic asthma has
been associated with the accumulation of inflammatory cells in
the airways, some of which can be cytotoxic. In addition to eosi-
nophils [9], activated CD8" T-lymphocytes and NK cells have
been associated with the pathogenesis of bronchial asthma but
their role in chronic asthma remains unclear [2,10]. In a previous
study we reported an elevated percentage of perforin® CD3*,
CD4*, CD8" and CD56" lymphocytes in peripheral blood of
patients suffering from allergic and intrinsic asthma [11]. Perforin
which is a key protein of cell-mediated cytotoxicity is stored
together with grB in secretory lysosomes of cytotoxic cells, such as
cytotoxic T-cells and NK cells [12,13].

GrB, a glycosylated serine protease with a molecular mass of
32 kD has proapoptotic features. It can activate several caspases
[14-17] and cleave caspase downstream substrates [18,19].
Elevated grB levels have been linked to the pathogenesis of
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inflammatory and/or autoimmune disorders like rheumatoid
arthritis [20], acute generalized exanthematous pustulosis [21]
and atopic dermatitis [22].

Because several clinical as well as immunological features of
asthma are compatible with an inflammatory and/or autoimmune
process, we hypothesized that there might be evidence for ele-
vated grB levels in the bronchoalveolar compartment of patients
with atopic asthma. The aim of this study was to investigate
whether grB can be measured in BAL from atopic asthmatic
patients in the model of segmental allergen provocation. There-
fore, we performed SAP followed by BAL in patients suffering
from allergic asthma and measured lymphocytes expressing intra-
cellular grB, as well as soluble grB concentrations in BAL fluids
42 h after SAP.

MATERIALS AND METHODS

Subjects

Eight patients (3 female, 5 male) with a mean age of 25 years
(range 18-30 years) who were diagnosed as suffering from aller-
gic asthma as previously described [2] and published [23] were
recruited from the participating institutions. Their mean FEV,
was 96% + 16% of predicted (range 75-116%). Further patient
characteristics are listed in Table 1. Anti-asthmatic medication
was withdrawn 7 days prior to the study except f,-agonists. All
patients gave their written informed consent and the study pro-
tocol was approved by the local ethics committee.

Segmental allergen provocation

Bronchoscopies were performed as described in the guidelines of
the American Thoracic Society [24]. Patients were pretreated with
atropine and codeine (Dicodid®; Knoll, Ludwigshafen, Germany)
and local anaesthesia was provided with Oxybuprocaine
(Novesine®; Novartis, Basel, Switzerland). As a control 2-5 ml of
saline were deposited into the anterobasal segment (S8) of the left
lower lobe and one of the segments of the lingula (S4 or S5). After
approximately 10 min the anterobasal segment of the left lower
lobe was lavaged using 100 ml of prewarmed saline. Allergen
which was dissolved in 2-5 ml of saline was then instilled into the

anterobasal segment (S8) of the right lower lobe and one of the
segments of the middle lobe (S4 or S5) and the anterobasal seg-
ment (S8) was also lavaged with 100 ml prewarmed saline. After
42 h the patients were rebronchoscoped and the lingular or mid-
dle-lobe segments were lavaged in this sequence as described.
BAL fluid was then filtered twice through sterile gauze and cen-
trifuged with 400 g for 10 min at 12°C. The cell free supernatant
was stored at —70°C for grB analysis. Cells were washed twice and
resuspended in PBS supplemented with 2% heat-inactivated fetal
calf serum (FCS; Gibco, New York) at a concentration of 2 x 10°
per milliliter.

Preparation of mononuclear cells

Venous blood was drawn from all patients prior to allergen chal-
lenge into S-Monovettes (Sarstedt, Niimbrecht, Germany)
containing 0-2% ethylenediaminetetraacetic acid (EDTA).
Mononuclear cells were isolated on a Ficoll-gradient with a
density of 1-077 g/l (Seromed, Berlin, Germany) as previously
described [25]. Isolated peripheral blood mononuclear cells
(PBMC) were washed twice and resuspended in phosphate buff-
ered saline (PBS) supplemented with 2% heat-inactivated FCS at
a concentration of 2 x 10° per milliliter.

Monoclonal antibodies

Anti-human CD3-Phycoerythrine (PE) (clone UCHT1; Dako,
Hamburg, Germany), anti-human CD4-PE (clone EDU-2; Cym-
bus Biotechnology, Hants, UK), anti-human CDS8-PE (clone
DK?25; Dako), anti-human CD16-PE (clone DJ130c; Dako), anti-
human CD19-PE (clone HD37; Dako) anti-human CDS56-PE
(clone B-A19, Diaclone, Besancon, France), anti-human grB flu-
orescein-conjugate (clone HC4; Hoelzel Diagnostika, Koln,
Germany). Fluorescein-conjugated IgG and IgG-PE served as
isotype-specific controls (both from Dako).

Intracellular granzyme B staining

After incubation with specific antibodies against surface mole-
cules (CD3, CD4, CD8, CD16, CD19, CD56), mononuclear cells
from peripheral blood or BAL cells were fixed in paraformalde-
hyde (4% in PBS) for 15 min on ice, washed twice with PBS, and

Table 1. Patient characteristics

Duration FEV, Allergen spec.

Age of asthma Baseline FEV, IvC IgE used for IgE
Sex (years) (years) (0] (% pred) (% pred) (kumn challenge (kum Medication
Female 24 19 31 87 94 95-9 B. verrucosa 323 B
Male 30 22 51 107 98 229 B. verrucosa 57 ICS, B
Male 28 12 57 116 101 986 S. cereale >100 B
Female 24 14 33 106 95 715 D. pteronyssinus >100 1CS, B
Male 27 8 35 75 92 204 B. verrucosa 21-1 CR
Male 27 8 35 75 92 484 D. pteronyssinus >100 ICS, B
Female 18 6 32 110 114 247 D. pteronyssinus >100 1CS, B
Male 20 8 40 92 nd 314 B. verrucosa nd B
Mean 25 12 39 96 98 409
SD 4 6 1-0 16 8 302

B, B.-agonists; CR, cromoglycate; FEV, forced expiratory volume in one second; ICS, inhaled corticosteroids; IVC, inspiratory slow vital capacity;
SD, standard deviation; nd, not determined. All medications except f,-agonists were withdrawn >7 days prior to the SAP. All patients showed a clear
positive reaction in the skin prick test with the allergen used for allergen challenge.
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permeabilized with saponin (0-1% in PBS) for 10 min on ice. Sub-
sequently, cells were incubated with FITC-conjugated antibodies
against grB for 30 min, washed twice with saponin (0-1% in PBS),
and then analysed by flow cytometry.

Concentration of BAL fluids

Concentration of BAL fluids was performed using Centriprep
YM-10 Filters (molecular weight cut off: 10 kD; Amicon, Milli-
pore Co, USA) blocked with 3% bovine serum albumin (BSA) in
PBS for 2 h. Centrifugation was carried out at 4°C with 1275 g
until 10 ml BAL fluid were concentrated to about 1 ml. The
weight of BAL fluids before and after concentration was mea-
sured to determine the correct concentration factor, which was
used to calculate protein concentrations in unconcentrated BAL
fluids.

Measurement of grB and interleukin-5 in BAL supernatants
Extracellular grB in BAL fluids was measured in 10fold concen-
trated BAL fluids using a commercial particle immunoassay
(Hoelzel Diagnostika; Koln, Germany). As a control for protein
stability in BAL fluid and an additional measure of the inflamma-
tory asthmatic reaction we also measured IL-5 in BAL fluids using
the TH1/TH2 cytokine cytometric bead array (BD Pharmingen,
San Diego, USA) as described in the users manual. Experiments
were analysed with a Becton Dickinson FACS Scan.

Statistical analysis

Results are expressed as arithmetic means + SEM. Differences
between groups were analysed using the students rtest.
Differences with P-values < 0-05 were considered statistically
significant.

RESULTS

BAL and peripheral blood total and differential cell counts

As shown in Table 2, total cell numbers, and numbers of
eosinophils, neutrophils, and lymphocytes were significantly
higher 42 h after SAP (each P <0-05) compared to 10 min
after SAP and control BALs. In peripheral blood only the
number of eosinophils increased significantly (P <0-05) 42 h
after SAP.

Analysing lymphocyte subpopulations revealed a statistically
significant (each P < 0,05) increase in the total number of CD3",
CD4*, CD8-dim*, CD8-bright*, CD19*, and CD16/56* lympho-
cytes 42 h after SAP compared to 10 min after SAP and saline
challenged controls (Table 3). Compared to BAL there was only
a small change in cell numbers of the respective lymphocyte sub-
populations in peripheral blood 42 h after SAP. Numbers of
CD3*, CD4" and CD19" lymphocytes in the peripheral blood
decreased slightly (Table 3). Although the number of CD8-dim",
CD8-bright*, and CD16/56" lymphocytes were elevated after SAP

Table 2. Total and differential cell counts in BAL fluids and peripheral blood

Total Macrophages,
Cell Count Monocytes Neutrophils Eosinophils Lymphocytes

Subjects (x10*ml) (x10*ml) (x10*ml) (x10*ml) (x10*ml)
BAL C 10 min 187+ 58 159+4-8 1-8+14 02+01 10+04
BAL P 10 min 11-9+31 10-0£2-5 0-8£0-6 0-4+02 0-8+04
BAL C42h 16:3+£34 146 +3-0 0-5£02 0-5£02 0-7+01
BAL P 42h 1102 £32.7* 330+£112 10-2 +3-8* 61-0 £25:5% 7-5+2:6%
Blood 0 h 569 +35 34+2 35642 12+£3 164 +14
Blood 42 h 579+32 37+3 337£39 41 + 6%* 159+ 6

Data represent the arithmetic mean + SEM. Total cell number and numbers of neutrophils, eosinophils and lymphocytes increased significantly
(*P <0-05) in BAL 42 h after SAP (BAL P 42 h) compared to 10 min after SAP (BAL P 10 min) and saline challenged controls (BAL C 10 min, BAL C
42 h). In peripheral blood the number of eosinophils was significantly higher (**P < 0-05) 42 h after SAP (Blood 42 h) then before SAP (Blood 0 h).

Table 3. Total counts of lymphocyte subpopulations in BAL fluids and peripheral blood

CD3" CD4* CD8-dim" CD8-bright* CD16/56* CD19*
Subjects (x10¥ml) (x10%ml) (x10¥ml) (x10%ml) (x10¥ml) (x10¥/ml)
BAL C 10 min 829 +0-29 4424053 074 £0-10 236 +0-43 1-88 4036 0-15 +0-05
BAL P 10 min 666 + 0-95 2:97 £0-52 0-59 +0-13 2:58 +0-52 144403 0-14 + 0-05
BAL C42h 5614029 2:94+0:30 0-48 +0-06 1-80 +0-36 1214023 0-12 +0-03
BALP42h 4699 + 2-49% 3371 +2:95* 373 +0-48% 882 +4-31% 872 + 1.56* 276 +0-97%
Blood 0 h 1249 + 62 789 +57 176 +15 298 +26 287+5 120+ 21
Blood 42 h 1170 +20 692 +57 220+ 19 310 £36 346 + 4%% 94+1

Data represent the arithmetic mean + SEM. Total cell numbers of CD3*, CD4", CD8-dim*, CD8-bright*, CD16/56" and CD19" lymphocyte subpopu-
lations were significantly higher (*P < 0-05) in BAL 42 h after SAP (BAL P 42 h) compared to 10 min after SAP (BAL P 10 min) and saline challenged
controls (BAL C 10 min, BAL C 42 h). In peripheral blood the number of CD16/56" cells increased significantly (**P < 0-05) 42 h after SAP (Blood 42 h)

compared to before SAP.
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only the increase in CD16/56" cells reached statistical significance
(P <0-05).

GrB expression in total lymphocytes and lymphocyte
subpopulations from peripheral blood and BAL

Analysing grB expression, we found a statistically significant
(P <0.05) increase in total numbers of lymphocytes and CD3",
CD8-dim*, CD8-bright, and CD16/56" lymphocyte subsets
expressing grB 42 h after SAP compared to 10 min after SAP and
saline challenged control segments (Table 4). In peripheral blood
cell numbers of the respective lymphocyte populations expressing
grB were also elevated 42 h after SAP, but without reaching sta-
tistical significance (Table 4).

Comparing percentages of grB expressing lymphocytes and
lymphocyte subsets in BAL with the respective cells in peripheral
blood, we found much lower percentages of these cells expressing
grB in all BAL samples.

As shown, in Fig. 1a, in peripheral blood 20-8 £2:9% (before
SAP) and 24-2 £4:6% (42 h after SAP) of all lymphocytes were
detected as grB-positive. 10 min after SAP 5-8 £ 1-7% of all lym-
phocytes recovered from the allergen challenged lung segment
and 4-0 £ 1-1% of the respective cells from the saline challenged
control segment were detected as grB-positive. 42 h after SAP
there was a slight decrease in the percentage of grB expressing
lymphocytes recovered from the allergen challenged lung seg-
ment (44£1-1%) and the saline challenged control segment
(32+£0:6%).

In peripheral blood we found over 80% of CD16/56" lympho-
cytes expressing grB, but only between 5 and 12% of BAL CD16/
56" lymphocytes were grB-positive (Fig. 1b). 68% of CD8-dim*
cells expressed grB in peripheral blood but only between 1 and
9% of those obtained by BAL (Fig. 1c). And the percentage of
CD8-bright* and CD3" lymphocytes expressing grB was two to
threefold lower in BAL compared to peripheral blood (Fig. 1d,e).
The percentage of CD4" lymphocytes expressing grB was lower
than 1% in all samples (data not shown).

Extracellular grB and Interleukin-5 in BAL supernatants

As depicted in Fig.2a six of the eight asthmatic patients had
higher grB concentrations in the BAL supernatant collected 42 h
after SAP compared to BAL supernatants from saline challenged
control segments, while in two patients concentrations in
the allergen challenged segments were lower than in saline

challenged control segments (range, <1-0-348-1 pg/ml versus
<1-0-70-5 pg/ml). IL-5 levels which were measured in the identical
BAL supernatants (Fig.2b) revealed that six of the eight asth-
matic volunteers also had significantly elevated IL-5
concentrations 42 h after SAP compared to the saline challenged
control segments (range, 0-6-893-7 pg/ml versus < 0-3-3-95 pg/
ml). Interestingly, those two patients who had the lowest increase
in IL-5 between saline and allergen challenged segments were the
same who had lower grB concentrations in the BAL fluid recov-
ered from the allergen challenged segment.

Correlation with clinical parameters

There was no correlation found between parameters of airflow
limitation, duration of asthma, or medication and expression of
grB in BAL and peripheral blood lymphocytes 42 h after SAP. In
the same way there was no correlation between these clinical
parameters and soluble grB in BAL supernatants 42 h after SAP.

DISCUSSION

The pathophysiological basis underlying bronchial asthma is not
fully understood. It is well established that airway inflammation in
asthma is enhanced by allergen-dependent mechanisms, but many
features of the chronic course of this disease remain unexplained.
In order to separate our analysis of cytotoxic mechanisms follow-
ing allergen challenge a time point of 42 h after SAP was chosen
to increase the likelihood that our observations might be related
to T-lymphocyte dependent inflammation rather than mast cell
mediated effects. Clinical observations in chronic asthma indi-
rectly support the hypothesis that bronchial asthma might have an
autoimmune background to its pathogenesis: There is the chronic,
protracted course, an association with activated T-lymphocytes
[2,3], and cell-mediated damage to bronchial mucosa as well as
chronic repair processes possibly leading to processes of tissue
remodeling [26]. Furthermore, chronic asthma responds well to
corticosteroids, and the demonstration of an increased frequency
of autoantibodies in patients with bronchial asthma [4-8] is sug-
gestive of an autoimmune background.

Cellular mechanisms associated with autoimmunity, however,
have so far rarely been investigated in asthma. The attempt of our
present study therefore was to investigate the expression and
release of the proapoptotic protease grB in allergic asthma fol-
lowing allergen challenge. In agreement with other studies, where

Table 4. Total counts of grB* lymphocyte subpopulations in BAL fluids and peripheral blood

Total lymphocytes CD3* CD8-dim"* CDS8-bright* CD16/56*
Subjects (x 10%/ml) (x 10%/ml) (x 10%/ml) (x 10%/ml) (x 10¥ml)
BAL C 10 min 40x11 3-8£13 0-1£01 1.7+£12 1-:0£0-2
BAL P 10 min 46+14 50+12 0-5+12 22+09 1-2+£0-4
BAL C42h 22104 22+0-5 0-4+01 1-5+03 0-8+0-2
BALP42h 33-0+8-3*% 26-8 £5-6* 3-5£2:0% 117 £ 4.5% 34+1-8%
Blood 0 h 3411 £479 1374 £ 375 1197 £ 112 650 £ 164 2514 £353
Blood 42 h 3852 +£727 1521 £ 480 1504 +223 697 £223 2937 £470

Data represent the arithmetic mean + SEM. Total numbers of grB* lymphocytes and grB* CD3*, CD8-dim*, CD8-bright" and CD16/56" lymphocyte
subsets were significantly higher (*P < 0-05) in BAL 42 h after SAP (BAL P 42 h) compared to 10 min after SAP (BAL P 10 min) and saline challenged
controls (BAL C 10 min, BAL C 42 h). In peripheral blood total numbers of grB* lymphocytes and grB* CD3*, CD8-dim*, CD8-bright" and CD16/56*
lymphocyte subsets increased slightly 42 h after SAP (Blood 42 h), but failed to reach statistical significance.
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Fig. 1. Distribution of grB in peripheral blood lymphocytes (PBL) and BAL lymphocytes after SAP as indicated by flow cytometric
analysis. Percentages are the mean + SEM of eight different allergic asthmatic patients. [} GrB+, [ GrB-. (a) Percentages of grB* total
lymphocytes in BAL and peripheral blood. Percentages of (b) CD16/56", (¢) CDS8-dim*, (d) CD8-bright" and (e) CD3" lymphocytes
expressing grB in BAL samples and peripheral blood. PBL 0 h, PBL before SAP; PBL 42 h, PBL 42 h after SAP; BAL C 10 min, BAL
lymphocytes from saline challenged lung segments 10 min after SAP; BAL C 42 h, BAL lymphocytes from saline challenged lung segments
42 h after SAP; BAL P 10 min, BAL lymphocytes from allergen challenged lung segments 10 min after SAP; BAL P 42 h, BAL lymphocytes

from allergen challenged lung segment 42 h after SAP.

repeated bronchoscopies were performed 18 h after SAP [2,3] we
found significantly elevated numbers of eosinophils, neutrophils
and CD3', CD4*, CD8-dim*, CD8-bright", CD19* as well as
CD16/56" lymphocytes in BAL also 42 h after SAP (Tables 2 and
3). These data suggest that in this valid human model of allergic
inflammation allergen induced mechanisms persist far beyond the
clinically noticed late asthmatic reaction. To our knowledge this is
the first study to address this question within this time frame after
allergen challenge. But it is at present unclear whether these
observations might already exist at earlier timepoints following
allergen challenge.

Furthermore we were able to detect significantly higher num-
bers of grB* lymphocytes in BAL 42 h after SAP (Table 4)
although the percentages of these lymphocytes were almost sim-
ilar in all BAL samples. Interestingly, however, the percentage of

grB* lymphocytes was significantly reduced in BAL fluids com-
pared to peripheral blood (Fig.1). Analysis of lymphocyte sub-
populations showed a marked difference in the percentage of
grB* CD16/56* and CD8-dim" cells in BALs compared to periph-
eral blood. In the case of CD3" and CD8-bright* BAL cells this
difference was less pronounced but also significant (Fig. 1). Sev-
eral studies have outlined that activated cytotoxic lymphocytes
can migrate into the airways of asthmatic patients following aller-
gen stimulation [2,27] where degranulation of these cells could
occur after stimulation with several chemokines such as
RANTES, MCP-1 and MIP-1alpha [28] which are increased in
allergic asthma [29].

In order to investigate whether grB was indeed released from
cytotoxic lymphocytes or simply not synthesized from BAL cyto-
toxic lymphocytes extracellular grB was measured in BAL fluid.

© 2004 Blackwell Publishing Ltd, Clinical and Experimental Immunology, 136:542—548
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Fig. 2. Concentrations of extracellular (a) grB and (b) IL-5 in BAL fluid from eight different asthmatic patients 42 h after SAP. Six of
eight patients showed significantly higher grB and IL-5 concentrations in the allergen challenged lung segment compared to saline
challenged control. BAL C 42 h, BAL fluid from saline challenged lung segments 42 h after SAP; BAL P 42 h, BAL fluid from allergen

challenged lung segment 42 h after SAP.

Compared with the saline challenged control segment extracellu-
lar grB concentrations were elevated in BAL fluid recovered 42 h
after allergen challenge from six of the eight patients. The two
patients whose extracellular grB concentrations were lower also
showed a very low IL-5 concentration. We therefore cannot
exclude that allergic inflammation 42 h after SAP in these patients
was less severe which might also find its reflection in the lower grB
concentrations. Another explanation for this phenomenon which
cannot be ruled out at the present time might be a contamination
of these BAL fluids with proteases resulting in protein degrada-
tion. Thus, the observed similarities in the low percentages of grB-
positive cells in the different BAL samples might in part be due to
a partial or complete release of grB from BAL lymphocytes 42 h
after SAP.

Our observation of elevated extracellular grB levels 42 h after
SAP is compatible with studies showing higher extracellular grB
concentrations in other inflammatory diseases such as hypersen-
sitivity pneumonitis [30] and rheumatoid arthritis [31]. Since
Tremblay et al. [30] showed that grB activity is not inhibited by
the three main serine protease inhibitors present in the lung, their
is little evidence suggesting that extracellular grB measured in our
study might not have been biologically active.

Nevertheless, the pathogenetic role of grB in chronic allergic
asthma remains a matter of speculation. Resistance of T-cells to
Fas-mediated apoptosis in asthma has been reported [32,33]. One
speculation therefore assumes that grB is secreted in higher con-
centrations to compensate this phenomenon in order to regulate
infiltrating cell numbers. Whether our observations are linked to
the often debated association of asthma with viral and possibly
bacterial infections [34] remains similarly unclear but both patho-
gens can initiate cytotoxic lymphocyte host defenses involving
grB release [35]. Furthermore, it has been shown that grB is able
to degradate proteoglycans indicating a role for this enzyme in
joint destruction in rheumatoid arthritis [36,37]. Proteoglycans
are one of the main constituents of the extracellular matrix and

extracellular grB could therefore participate in bronchial mucosal
damage and airway remodeling.

In conclusion, our study provides evidence that allergen chal-
lenge in bronchial asthma might be associated with elevated lev-
els of extracellular grB in the airways which is most likely secreted
by activated NK cells and CD8* lymphocytes. Because of the
small number of subjects further investigations are required to
confirm these findings and to elucidate the pathogenetic role of
grB in this disease, but our data suggest that cytotoxic mecha-
nisms might be another facet in chronic asthmatic inflammation.
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