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ABSTRACT: We wanted to determine whether changes in bronchial hyperrespoo­
siveness (BHR) following aiJergeo challenge show a time relationship with inflam­
matory events in the airways of aUergic asthmatic subjects. 

Lava.ge was performed and endobronchial biopsies were taken via the fibreoptic 
bronchoscope, before, and 3 and 24 h after, allergen challenge, on separate occa­
sions, in nine dual asthmatic: responders. 

The numbe.rs of activated eosinopbils, identified by immunohistochemistry, using 
the monoclooal anti-eosinophil cationic protein antibody, EG2, were significantly 
inc.reased both at 3 h and at 24 h in the submucosa and bronchial lavage. A sig­
nificant negative correlation was found between the number of EG2• cells in the 
submucosa and in the bronchial lavage 24 h after the allergen challenge ( .... ~.70). 
At 24 h, the amount or eosinophil cationic protein (ECP) was increased in the 
bronchial lavage. A significant correlation was observed between the amount or 
ECP at 3 h and the log provocative dose of house dust mite producing a 20% fall 
in forced expiratory volume in one second (PDw HDM) (r-0.63). 

The result'! suggest a recruitment of activated eosinopbils to the submucosa and, 
further, to the epitbeUal lining, followed by degranulation. Tbio; process has already 
started 3 h after allergen challenge, and lasts for at least 24 h, which may resul.t 
in mucosal damage and subsequent allergen-induced increase in BHR, before and 
after the late asthmatic reaction. 
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Bronchial hyperresponsiveness (BHR) increases upon 
natural exposure to airborne allergens or occupational 
asthma inducers [1, 2]. An enhanced BHR has been 
observed following the late asthmatic response (LAR) 
induced by allergen provocation in sensitized human 
subjects [3-5]. 

asthmatics, and are increased in the epithelium and sub­
mucosa, compared to normal subjects and atopic non­
asthmatics [12-14]. 

More recently, it has been shown that the development 
of a LAR is also accompanied by an early increase in 
BHR 3 h after allergen inhalation, but response may dif­
fer depending on the stimulus used to measure BHR (6, 
7J. These observations suggest that the tissue damage, 
which is supposed to cause the increase in BHR may, 
already have occurred before the LAR is clinically evi­
dent. Several factors may be responsible for the tissue 
damage. [mponant candidate mediators are inflammatory 
cells and their products in the bronchial submucosa [8]. 
ln asthmatics, eosinophils are present in increased num­
bers in blood, and found in bronchoalveolar lavage fluid 
(BAL) f9. 10]. Major basic protein (MBP) has been 
found in increased concentrations in sputum of asthmatic 
patients f llj. Histological studies have shown that 
eosinophils often reside in the bronchial submucosa of 

After bronchial challenge with an allergen in patients 
in whom a LAR develops, there is an increase in the 
number of eosinophils in the BAL fluid during the LAR. 
but not 2 h after the early asthmatic reaction [15]. At 
the present time, it is unclear how findjngs in the Lavage 
fluid relate to rapidly changing inflammatory events in the 
bronchial walJ. 

The aim of this study was to investigate whether chan­
ges in BAR following allergen challenge show a time re­
lationship with inflammatory events in the airways. 

The numbers and activation state of eosinophils in the 
submucosa of endobronchial biopsies, in bronchial lavage 
(BL) and BAL, and eosinophil cationic protein (ECP) in 
the lavage, were measured before, and 3 and 24 h, after 
allergen challenge, in symptomatic atopic asthmatic sub­
jects with a documented dual asthmatic response. 

Immunohistochemical staining of fresh frozen sections 
and cytospins with a monoclonal antibody (EG2) specific 
for ECP was employed, to identify activated eosinophils 
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[16]. To obtain functional correlates for the cells stud­
ied, their numbers in the BL, BAL, and submucosa were 
related to the amount of ECP in the BL and the clinical 
response on allergen challenge. 

Methods 

Subjects 

Nine aslhmatic subjects (3 women, 6 men) participated 
in the study. The clinical characteristics of the patients 
are given in table I. All asthmatic subjects were selected 
on the basjs of positive intracutanous skin tests to com­
mon inhalant allergens, including Dermatophagoides 
pteronyssinus, Dermatophagoides fa rinae (Diephuis, 
Groningen, The Netherlands), and increased specific im­
munoglobulin E (lgE) (normal <0.35 peripheral resistance 
units (PRU)·ml·1) for house dust mite (HDM) allergen 
(Phadezym radio-allergosorbent test (RAST), Pharmacia, 
Uppsala, Sweden) and increased bronchial responsiveness 
to inhaled hlstamine (nonnal >32 mg·mJ-1

) [1 7). Forced 
expiratory volwne in one second (FEY 1) had to be above 
65% of the predicted value. 

The patients had experienced no acute asthmatic attlcks 
or respiratory tract infection for at least 2 months. None 
of the patients received oral corticosteroids or high dose 
inhaled corticosreroids (no more than 600 ~g inhaled 
budesooide daily). AJI medication was withheld before 
the study days: inhaled corticosteroids two weeks, cromo­
glycate one week, and ~-adrenergic drugs 24 b before the 
study. 

None of the participating subjects were smokers or used 
medication that could interfere with the outcome. All 
subjects gave written infonned consent, and the study was 
approved by the Medical Ethics Committee of the Uni­
versity Hospital Groningen. All subjects were able to 
stop their maintenance treatment before rhe study days. 

Table 1. - Clinical data of the asthmatic patients 

Pt Sex Age PC20 lgE EOS VC 
no. yrs mg·mJ·• kU·L-1 cells·1.d·1 I 

I M 21 1.3 1470 297 5.50 
2 F 22 0.4 1012 616 4.95 
3 M 21 4.4 440 167 4.35 
4 F 23 0.6 735 320 4.25 
5 M 20 9.8 2440 407 6.15 
6 M 34 4.9 162 319 5.15 
7 M 23 17.8 661 431 6.10 
8 M 28 0.4 534 410 5.50 
9 F 22 1.4 266 220 4.35 

Mean 24 4.6 856 354 5.14 
SEM 1.5 2.0 238 44 0.24 

In all subjects two HDM challenges and three bron­
choscopy procedures were perfonned, according to the 
protocol. AJ.l patients developed a dual asthmatic re­
sponse after allergen challenge. 

House dust mite provocation 

Allergen solutions were prepared from stock solutions 
of Dennatophagoides pteronyssinus, diluted in phos­
phate-buffered saline (PBS) with 0.03% human serum 
albumin (HSA) and with 0.5% phenol (Diephuis Labora­
tories, The Netherlands), to produce a range of increasing 
fivefold concentrations of 80 to I 0,000 Noon-equivalents 
(Ne)·mt·•. The solutions were administered using the 
breath-actuated dosimeter APS (Jaeger GmbH, West 
Gennany), containing 3 ml solution, which allows air at 
20 pounds per square inch (psi) into the nebulizer for 
0.4 s. The output was 9.04±0.43 ~I per 0.4 s of neb­
ulization. Subjects inhaled the aerosolized allergen solu­
tions in 10 inhalations, from end-tidal volume to full 
inspiratory capacity, through a mouthpiece whilst wear­
ing a noseclip. Allergen inhalation was perfom1ed at 15 
rnin intervals, each subject starting with the lowest dose. 
The dose of HDM causing a fall of more than 20% of 
the post-PBS value in FEV1 was considered as a thresh­
old value. The provocation dose, required to reduce 
FEV1 by 20% of the post-PBS baseline value (PD20) was 
derived by linear interpolation. 

Lung function 

Pulmonary function testing consisted of inspiratory slow 
vital capacity (VC) and FEY., using a water-sealed spiro­
meter. 

The patients used a Microspirometer (Micro Medical 
Ltd, Rochester, UK) for FEV1 measurements every hour 
(three blows at 2 rnin intervals, the highest of the three 

FEV
1 

FEV1 
EAR LAR Med 

/·s·• % pred %FEV1 % FEV1 

4.10 82 39 34 Bud, C, T 
2.95 75 26 22 N,T 
3.57 97 26 30 T 
3.60 lOO 30 34 Bud, T 
4.50 95 39 29 Bud, T 
4.30 96 40 24 Bud, T 
5.90 104 29 23 s 
4.00 91 30 22 Bud, S 
3.70 108 43 20 C, T 

4.07 94 34 26 
0.28 3.5 2.2 1.8 

PC:'Il: provocative concentrotion of histamine producing a 20% fall in FEY1; EOS: blood eosinophils; EAR and LAR: early and 
late asthmatic reactions. representing the % decrea~e in PEV

1
; JgE: total immunoglobulin E in serum: VC: vital capacity; FEV1: 

fon:ed expiratory volume in one second; % pred: injtial FEY/predicted FEV
1
x l00; Med: regulnr medication: C: cromoglycate; N: 

nedocromil: T: terbutaline: S: salbutamol; Bud: budesonidc. 
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values being recorded), during the evening hours on the 
day of the challenge. The following indices were selected 
to describe the FEY1 time-response curves after adminis­
tration of HDM, compared with the FEV 1 after the con­
trol solution : 1) maximal decrease in FEY 1 from the 
post-PBS baseline value during 9 h; and 2) the Micro­
spirometer measurements, used as supplementary data in 
the analysis of the LAR. 

Bronchoscopy procedure 

The procedure was performed, as described by the 
American Thoracic Society [18]. All bronchoscopies 
were performed by the same bronchoscopist (RA). 

Vital capacity VC and FEV, were measured before the 
procedure. Local anaesthesia was administered before in­
troducing a tlex.ible bronchoscope, type Olympus BJ­
lTlO. Later, extra local anaesthesia was administered, if 
necessary. Supplementary oxygen was available. At first 
the bronchoscope was introduced in the lateral segment 
of the middle lobe. Lavage was performed, using 5 sepa­
rate aliquots of 20 ml sterile, warm 0.9% NaCI, instilled 
into the middle lobe segment. 

The fluid was gently aspirated directly after each 
aliquot and collected in plastic tubes. The tubes were 
placed in ice and immediately brought to the laboratory 
for analysis. 

The bronchoscope was then passed into the right lower 
lobe, and four to five biopsies were taken from the 
subcarinae using a standard, fenestrated, cup forceps. The 
exact locations from which the biopsies had been taken 
during the first and second procedure, were carefully 
noted and efforts were made during the second and 
third occasion to obtain the biopsies from the same carina 
but at the opposite side, in order to avoid the exact 
sites. 

Each specimen was assigned an alphanumerical code, 
and the clinical and physiological data were not revealed 
to the pathologist interpreting the specimens. 

lmmecliately after the procedure, all patients inhaled 0.5 
mg terbutaline, and I ,200 ).lg budesonide, and remained 
for at least 2 h in the department for clinical observa­
tion, while measuring VC and FEV1• 

Processing of lavage fluid 

In the laboratory, the lavage fluid was pooled in two 
fractions: tubes one and two, defmed as bronchial Lavage 
(BL), and tubes three to five, defined as broncboalveolar 
lavage (BAL). 

Both fractions were centrifuged separately (10 min. 
4°C, 400xg), and the supematants stored at -80°C. The 
cells were washed twice with RPMI 1640 medium, with 
25 mmol hydroxyethylpiperazine ethanesulpbonic acid 
(HEPES) buffer, and L-glutamine (Gibco, Paisley, Scot­
land). 

The cell fraction was suspended in 1 ml RPMI+ I% 
bovine serum albumin. The cells were counted using a 
Coulter counter, and May-Griinwald-Giemsa-stained slides 

were used for differential counting, as described previ­
ously [15]. 

From each fraction, cytospins were made, using a 
Shandon cytospin-2 centrifuge (Shandon Inc. Pittsburgh, 
USA), with a 100 ).ll volume of the cell suspension. 
Slides were air dried, wrapped in aluminium foil , and 
stored at -80°C until use. 

ECP measurements 

ECP measurements in the BL supematants (not in BAL 
supematants) were performed using a double antibody 
radio-immunoassay (Pharmacia Diagnostics AB, Uppsala 
Sweden), as previously described by PErnRsoN et al. [19]. 
The assay is based on the competition of radiolabelled 
ECP for the binding sites of a specific monoclonal anti­
body. Calibration is realized against pure ECP. The 
detection limit is <2 J.l.g·/·1

• The procedure was per­
formed following the instructions of the manufacturers. 

Processing of biopsy specimens 

Within 20 min of bronchoscopy, each biopsy specimen 
was removed from isotonic saline, and individually 
embedded in Tissuetek 11 OCT Compound (Miles, 
Naperville, Illinois, USA), and then frozen by immersing 
in -80°C isopentane. Samples were stored at -80°C un­
til use. 

Frozen sections (4 J.Jm) were cut on a Bright L01F/ 
AS cryostat (Huntingdon, Cambridge, U K), dried for 30 
min under a hairdryer (room temperature), and stored at 
-20°C until use. 

lmmunoperoxidase staining 

Lavage cytospins and biopsy tissue sections were 
immunostained with the EG2 monoclonal antibody 
(Sanbio, Uden, The Netherlands). This antibody can 
identify activated eosinoph.ils in which a portion of the 
ECP molecule is cleaved to reveal the epitope to which 
the antibody is directed [16]. The immunoperoxidase 
staining procedure was performed as described previously 
by T!MENs and PoPPEMA [201. ln short, slides were dried 
immediately from the freezer under a hairdryer, and flXed 
in acetone for 10 m.in at room temperature. After fixa­
tion, and after each following step, the slides were washed 
in phosphate-buffered saline (PBS). pH 7.4, for 5 min. 
The slides were incubated with 50 ).l1 of the EG2 solution 
(1:50) for 60 min. ln all cases, control sections were 
incubated with PBS or irrelevant antibodies (not reactive 
with haemopoietic antigens). 

As a second step, the slides were incubated for 30 
rnin with a 1:300 biotinylated rabbit anli-mouse F(ab')1 
fragments solution (Dakopatts, Glostrup, Denmark), sup­
plemented with 1% human AB serum, followed by 
incubation with peroxidase-conjugated streptavidin 
(Dakopatts, Glostrup, Denmark), 1 :300, supplemented 
with I% human AB serum for 30 min. 
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3-run.ino-9-ethylcarbazole (AEC) (Aidrich Chemical Co., 
Milwaukee. Wisconsin, USA), together with H20 2, was 
used as histochemical reagent for the demonstration of 
peroxidase reactivity, resulting in a reddish-brown reaction 
product. The slides were counterstained with fresh 
haematoxylin and mounted with glycerol-gelatin (Merck, 
Dannstadt, FRG) and a coverslip. 

Quantification 

Jn each cytospin, the number of positive cells was de­
tem1ined, counting a total of 300 cells. Only intact and 
clearly identifiable cells were counted. In many of the 
biopsies, the epithelial layer was not well-preserved, and 
as a result, no counts were made at the luminal side of 
the epithelial basement membrane. With an eyepiece 
graticule, the number of positively stained cells was 
counted in 10 areas of IOOx iOO J..lm2 {10,000 J..lm2

) in the 
submucosa adjacent to the basement membrane. All of 
the counting was done by one person (MS), at a magni­
fication of 8><25. 

In order to account for the variation in numbers of EG2 
positive cells in different parts of the biopsy, and to make 
sure that the average count was a reliable mean, counting 
was accomplished as follows: at least three sections were 
counted. which were at least 50 J..lm apart in the biopsy. 
In each section 3-4 areas were chosen at random along 
the basement membrane. The reliability of this counting 
method was tested by observing the change of the mean 
after each individual area count [21]. 

In the bronchial biopsies, the mean did not change 
significantly after 10 counts. Individual means were 
calculated as the average of 10 area counts. 

Study design 

The study was performed from January to May. VC, 
FEV1 and Pew histamine (table 1), were determined one 
week prior to the study and these were regarded as base­
line values. 

Subjects attended the laboratory on four occasions. On 
the first occasion, a steady-state bronchoscopy was per­
formed. Subjects attended the hospital at 8:30 A.M. and, 
after completing a questionnaire, undergoing physical 
examination and establishing that the VC and FEY 1 were 
wilhin baseline values, a fibreoptic bronchoscopy proce­
dure was performed. Immediately after the procedure the 
subjects received bronchodilating therapy, inhaled corli­
costeroids, and started with their maintenance t:reatrnent 
until the next procedure, as described. 

Three weeks later, the subjects attended the hospital in 
the morning at 8:00 A.M. AIJergen chaiJenge with HDM 
was started at 8:30A.M., provided that the VC and FEV1 

were within baseline values, and after the srune precau­
tions as described for the flrst occasion. Spirometry was 
performed as described. Exactly 3 h after the last dose of 
allergen, the second bronchoscopy procedure was per­
formed, when the VC and FEY 1 had returned to base­
line values. Immediately after this procedure the subjects 
received medication as described earlier. 

At least four weeks later, subjects attended the hospi­
tal at 8:00 A.M., and after the same precautions. aller­
gen chaJJenge with HDM was started at 8:30 A.M. At 
5:00 P.M. the subjects went home. having received in­
structions on how to use a Microspirometer (Micro Medi­
cal Ltd, Rochester, UK) for FEY 1 measurements every 
hour (three blows at 2 rnin intervals, the higher of the 
three values being recorded), until the subject went to 
bed. They also received careful instructions about what 
to do in cac;e of chest complaints. 

Twenty four hours after the last dose of allergen, the 
third bronchoscopy procedure was performed, when the 
VC and FEV1 had returned to baseline values, and after 
tile same precautions as described above. 

Data annlysis 

Tota.l serum IgE, Pea, histrunine and PD10 HDM val­
ues were logarithmically transformed for statistical 
analyses. Differences were considered to be significant 
if p<0.05. The mean submucosal cell counts from the 
biopsy sections, and cell counts from the lavage, before 
and after allergen challenge, were compared with 
Wilcoxon's matched-pairs, signed-ranks rest. Correlation 
coeffi cients were calculated by least-squares )jnear­
rogression analysLc;. 

Subjects were considered to have a LAR if their maxi­
mal decrease in FEY 1, measured from 4 h after the onset 
of the EAR. was 20% or more, and/or if a decrease of 
more than 20% was shown by spirometry values at home. 

Results 

We studied nine atopic asthmatics, whose c linical 
characteristics are shown in table I. AJl subjects studied 
tolerated the bronchoscopy procedure well. Jn none did 
the procedure have to be terminated, and none com­
plained of distressing dyspnoea. None of the subjects had 
clinical adverse effects during and after the procedure. 

Immunohistology of endobronchial biopsies 

In all patients, biopsies were taken from the subcarinae 
of the eight lower lobe after the lavage, which was per­
formed in the right middle lobe, on all three occasions. 

Counting of cells stained immunohistochemically for 
activated (EG2'') eosinophils was possible in the submu­
cosa in eight patients before the allergen challenge. and 
in all patients 3 h and 24 h after the challenge. Reliable 
counting in the epithelium was not possible, as a conse­
quence of epithelial damage, especially after the allergen 
chaiJenges. In the mucosa. the activated eosinopbils often 
demonstrated a pronounced concentration of the cells 
immediately under the epithelial basement membrane but 
were also diffusely distributed throughout the tissue. ln 
particular, 3 h after t11e aiJergen challenge, a shift of the 
activated eosinophils was seen to the basement membrane 
and the epithelial layer (fig. 1). 
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Fig. I. - a) Cryostat section of a biopsy specimen from a patient 
before house dust mite (HDM) challenge, incubated with the anti-EG2 
monoclonal antibody and stained with the indirect immunoperoxidase 
method. b) A similarly stained section from the same subject 3 h af­
ter HDM challenge. The mucosa reveals surface epithelium, base­
ment membrane and lamina propria, with an abundant distribution of 
EG2 positive cells throughout the whole section. Moreover, most of 
the positive staining cells are located close to the basement membrane, 
attached to the membrane and in the epithelium. c) A similarly stained 
section, again in the same patient, 24 h after challenge. There is still 
an extensive distribution of EG2 positive cells, however, most of them 
are now located in the surface epithelium. Original magnification for 
all three parts is 140x (bar=O.l mm). 

In the immunohistology preparations a significant in­
crease in the number of EG2+ cells·O.Ol mm·2 is demon­
strated 3 and 24 h after the challenge, compared with the 
prechallenge data, from median 1.45 to 2.63 and 2.31 
(p<0.05), respectively, (fig. 2). A significant negative cor­
relation is found between the number of EG2+ cells·O.Ol 
mm·2 in the submucosa and in the BL, 24 h after the al­
lergen challenge (r=-0.70, p<0.05) (fig. 3). 

No clear correlations could be observed between the 
numbers of/or changes in EG2+ cells·O.O 1 mm·2 in the 
submucosa and clinical parameters, such as the PD20 

HDM, PCw histamine and % decrease in FEV1 of the 
LAR . 
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Fig. 2. - EG2 positive cells·O.Ol mm·2 in the submucosa (open bars), 
and EG2 positive cells·IOO cells·' in the bronchial lavage (BL) 
(hatched bars), before and 3 and 24 h after house dust mite (HDM) 
challenge. Mean±sEM. *: p<0 .05 ; **: p<O.Ol compared with 
prechallenge values. 
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Fig. 3. - Correlation between the number of EG2 positive cells-0.01 
mm·2 in the submucosa and in the bronchial lavage 24 h after the 
house dust mite (HDM) challenge. r=-0.70, p<0.05. 



LAR: EOSINOPHH. INFILTRATION IN BRONCHIAL MUCOSA 845 

BL and BAL, 3 and 24 h after challenge 

There was no significant difference in viability, recov­
ery, total cell number and cell count per ml in the BL, 
3 and 24 h after the HDM challenge, when compared 
with the steady-state lavage (table 2). A significant in­
crease in the percentage of eosinophils from a mean of 
5.8±1.2 (sEM) to 9.7±1.9 (p<0.05) at 3 h was observed 
in the BL. Twenty four hours after the challenge, this 
increase in percentage eosinophils was even more pro­
nounced, to 17.2±3.6 (p=<l.01), compared with the steady­
state. At 3 h after challenge, 7 of the 9 subjects had a 
greater percentage of eosinophils, and at 24 h 8/9 sub­
jects. In contrast to the findings in the BL, no signifi­
cant changes in the percentage of eosinophils could be 
observed in the BAL, both at 3 h and at 24 h after 
challenge. 

Table 2. - Total fluid recovery and harvested numbers 
of cells, before, and 3 h and 24 h after HDM challenge 

Bronchial lavage 
Before 
3h 
24 h 
Bronchoalveolar lavage 
Before 
3 h 
24 h 

Fluid recovery 
ml 

17.0±2.0 
15.4±1.5 
19.1±1.2 

40.4±4.2 
40.7±3.0 
43.2±2.9 

Cells 
x10S·ml-' 

1.1±0.2 
0.9±0.2 
1.1±0.2 

1.9±0.2 
2.0±0.3 
3.5±0.6 

Data are presented as mean±sEM. HDM: house dust mite. 

The number of activated (EG2) eosinophils in the BL 
increased significantly 3 and 24 h after the challenge from 
5.0±1.1 to 9.0±1.7 (p<0.05) and to 16.9±2.7 (p=0.007), 
respectively, (fig. 2). In the BAL, however, only a trend 
in increase in the EG2+ cells could be observed from 
2.7±0.9 to 5.3±1.5 and to 12.6±3.8. 

A correlation was found in the BL between eosinophils 
and EG2+ cells (r=0.82, p<0.01) 24 h after the HDM 
challenge. No significant correlations were seen between 
the number of EG2+ cells in the BL and BAL and clini­
cal parameters. 

ECP measurements in the BL 

The amount of ECP increased from 2.24±0.95 to 
3.93±0.91 Jlg·t-• at 3 h, this increase, however, being non­
significant. At 24 h, the amount of ECP had in­
creased to 10.22±3.13 Jlg·t-•, (p<0.01). The difference 
between 3 and 24 h was also significant (p<0.05). No 
correlation could be observed between the increase in the 
amount of ECP and the changes in the number of EG2+ 
cells in the biopsies, the number of EG2+ cells in the BL 
and the percentage of eosinophils in the BL. A signifi­
cant correlation was observed between the log PD20 HDM 
and the amount of ECP 3 h after challenge (r=0.63, 
p<0.05). 

Discussion 

The results of this study not only demonstrate a sig­
nificant increase in activated eosinophils in the submucosa 
and in the BL, 3 and 24 h after allergen challenge, but 
also indicate a shift of the activated eosinophils from the 
submucosa through the basement membrane to the epi­
thelial lining. These data, in combination with the in­
crease in ECP in the BL, suggest that the activated 
eosinophils mainly degranulate at the level of the epithe­
lial lining. As far as eosinophils are concerned, it also 
appears that lavage samples reflect the events taking place 
in the submucosa. 

In an earlier study, we were able to demonstrate a 
significant increase in allergen-induced BHR 3 and 24 h 
after challenge, and a dissimilarity in response when using 
methacholine or adenosine 5' monophosphate (AMP) [7]. 
These findings suggested that several mechanisms are 
responsible for the observed increase in BHR. It is 
important to realize that the FEV 1 had returned to pre­
challenge values, and that the subjects were without 
complaints between the early and late reaction. In the 
present study, we were able to investigate submucosal 
biopsy and lavage findings at the mentioned time points 
in allergic asthmatic subjects. 

Fractional processing of separate bronchial and bron­
choalveolar samples was chosen, since asthma is merely 
a disease of the bronchial airways, and differences bet­
ween bronchial and alveolar samples have been demon­
strated [22]. 

To our knowledge, this is the first study comparing 
biopsy and lavage findings, using separate fractions, at 
three different time points, before and after HDM chal­
lenge, in the same patients. In our earlier study [15], 
performing BAL during the late asthmatic reaction and 
immediately after the early asthmatic reaction, no eosi­
nophilia was present 2 h after the EAR in patients who 
developed a LAR and those who did not. In the present 
study, an increase in activated eosinophils both in the 
biopsies and BL (but not in the BAL) is seen exactly 
3 h after allergen challenge. 

Comparing the results, migration of eosinophils from 
the bronchial submucosa to the bronchial lumen in a 
relatively short period after the EAR is suggested. This 
interpretation is supported by recent observations, 
performing BAL before and 4 h after HDM challenge 
[23]. However, our data do not entirely support the 
fmdings by Ross1 et al. [23] concerning the 24 h BAL. 
Instead of a decrease in eosinophils in patients who de­
veloped a LAR and an increase in patients who did not, 
we found a significant increase in the percentage of 
eosinophils in the BL in the patients developing a LAR, 
and no changes in the BAL. Our BL observations are 
in accordance with the lavage (BL and BAL) data of 
MErzaER and eo-workers [24, 25], in which the number 
of eosinophils was still significantly increased at 24 h, and 
after local allergen challenge even at 48 h. The differ­
ences observed may be a consequence of separating lav­
age recovery into BL and BAL, the first being more 
sensitive and representative of changes in the bronchial 
wall. 
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The correlation between EG2• cosinophiJs in the sub­
mucosa and in the epithelium, demonstrated by Dru­
KANOVIC et al. [13], and the increased number of EG2• 
eosinopltiJs 3 h after challenge in the biopsies and bron­
clual lavages in our study, suggest not only that both 
sides of the bronchial waJI represent a continuum of 
eosinophll recruitment, but also that their activity is more 
important than just the number of eosinophils. The 
findings reflect a dynamic process involving inflammatory 
cell movement, especially activated eosinophils, and 
change in activity. As part of this process. eosinophils 
secrete their granule products and presumably a range of 
newly-formed mediators, including leukolriene C~ (L TC~), 
platelet activating factor (P A.F), and 15-hydroxyeicosate­
traenoic acid (1 5-HETE) (26, 27), resulting in epithelial 
damage. 

Using a cumulative clinical scoring system and eosi­
nophil enumeration, B oUSQUET et al. rl 2] demonstrated a 
correlation between the severity of asthma and the num­
bers of eosinophils in peripheral blood, lavage fluid and 
epithelium. Our finding of a correlation between the 
amount of ECP and the PD20 HDM is of interest. It 
provides evidence that the amount of products released 
by the eosinophil relates to disease severity. It has been 
demonstrated that the instillation of small amounts of ECP 
produces epithelial cell damage and patchy denudation of 
the epithelial cell layer, both in the trachea and in the 
bronchi [28J, and from platelet-activating factor, it has 
been reported to produce a long-lasting broncbiaJ hyper­
responsiveness when given by inhalation to normal people 
[29]. Shedding and desquamation of the epithelium in the 
airways of asthmatics have been consistent findings. 

LArnNEN et al. [30] showed exr.ensive epithelial damage 
in bronchial biopsies, and J EFFERY et al. [3 I ] have shown 
that the extent of surface epithelium loss correlates well 
with the degree of methacholine responsiveness. 

Another rmding in bronchial biopsies taken from asth­
matics is a thickening of the lamina reticularis below the 
basement membrane. There is evidence that myofibro­
blasts may be responsible for the subepithelial fibrosis 
[32]. Furthermore, eosinophils can secrete a fibroblast 
growth fac tor, nnd ECP stimulates the synthesis of 
hyaJuran and proteoglycan in human fibroblasts [33, 34). 

The fibrosis may cause a decline in pulmonary func­
tion, and the presence of contractile myofibroblasts could 
contribute to a persistent hyperresponsiveness. Eosino­
phils could, thus, be involved in the genesis of these 
changes. The changes occur where activated eosinophils 
and the deposition of ECP was demonstrated in our study, 
and oU1er investigations [12- 14J. 

In conclusion, we have established that activated 
eosinophils are already infiltrating the airways at 3 h after 
HDM challenge, and are especially evident in the sub­
mucosa, but also seen in the lavage. Elevated ECP levels 
in BL fluid are correlated with the amount of house dust 
mite allergen given. Although there is no direct evidence 
that these activated eosinophils are, by themselves, re­
sponsible for the allergen-induced increase in BHR 3 and . 
24 h after allergen challenge, this and other studies sup­
port the concept that their activity may result in epithelial 
damage, leading to an increase in BHR. 

These findings, which are broadly consistent with other 
biopsy and BAL studies in humans, also suggest that ac­
tivated eosinophils play a crucial role in pathological 
processes in the human airway following allergen inhala­
tion. The findings imply that allergen avoidance, and 
treatment focusing on reduction of eosinophil recruitment 
and activation, may be of benefit in allergic asthmatic 
patients. 
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