
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

In vitro and in vivo modulation of human T lymphocytes from allergic asthmatic
subjects

Huijsen, F.L.

Publication date
2001

Link to publication

Citation for published version (APA):
Huijsen, F. L. (2001). In vitro and in vivo modulation of human T lymphocytes from allergic
asthmatic subjects. [Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:26 May 2023

https://dare.uva.nl/personal/pure/en/publications/in-vitro-and-in-vivo-modulation-of-human-t-lymphocytes-from-allergic-asthmatic-subjects(2f54f951-24fc-4ff4-a368-e5b43f32ec57).html


Chap p 

Segmenta ll  allerge n challeng e in allergi c 
asthm aa result s in early activatio n of loca l 

TT lymphocyte s 

Francinaa L. de Pater-Huijsen1,2, Jaring S. van der Zee1, 

Mariëllee J. Hanraads-de Riemer2, Henk M. Jansen1 and Theo A. Out2,3 

departmentt of Pulmonology, 2Clinical Immunology Laboratory Academic Medical 

Center;; laboratory for Experimental and Clinical Immunology, 

CLBB Sanquin Blood Supply Foundation, Amsterdam, The Netherlands 

submittedd for publication 



ChapterChapter 9 

Abstrac t t 

Wee have analysed the effects of segmental allergen challenge (SAC) of the airways on T-

lymphocytee activation in allergic asthma patients and non-allergic healthy control (Q 

subjectss at 4h after SAC. Lymphocyte subpopulations in blood and bronchoalveolar lavage 

(BAL)) fluid were measured by flow cytometry. Intracellular IFN-y, IL-4 and IL-5 proteins 

weree analysed with an immunocytochemical assay. SAC caused specific effects in allergic 

asthmaa patients. The percentage of CD4+CD27+CD103+ cells increased in BAL fluid 

(p<0.02),, and there was a tendency for a decrease of the percentage of 

CD88 + CD27+CD103+ cells (p = 0.08). The changes in the BAL fluid of the allergic asthma 

patientss were accompanied by reciprocal changes in the blood. SAC resulted in an increase 

off IFN-y+CD4+ lymphocytes in BAL fluid of allergic asthma subjects, whereas in C subjects 

IFN-y++ cells tended to decrease. These effects were detected in cells that were not 

stimulatedd in vitro. We conclude that SAC results in T-cell activation in the airway 

compartmentt within 4h after allergen challenge. 

Introductio n n 

Patientss with allergic asthma may experience two phases of bronchoconstriction after 

inhalationn of allergens [1], the early asthmatic reaction and after 4 to 12h the late phase 

asthmaticc reaction (LAR). The LAR is accompanied with an influx of inflammatory cells into 

thee lungs, among which eosinophils are most characteristic for asthma [2]. The precise 

mechanismss causing the LAR are not known. However, T lymphocytes may play an 

importantt immunoregulatory role. Gratziou et at. [3] have shown a fall in the proportion 

off CD3+ lymphocytes in the bronchoalveolar lavage (BAL) fluid of patients with allergic 

asthmaa within 10 min after allergen exposure. Furthermore, they showed increased CD3 + 

lymphocytee counts in the mucosa at 6h after allergen exposure [4] and an increased HLA-

DRR expression by T lymphocytes in the BAL fluid suggestive for activation of the cells [5]. 

Att 12 to 48h after allergen challenge, T lymphocytes were clearly increased and they had 

acquiredd an activated state as concluded from increased percentages of CD25 positive T 

cellss and FAS-L positive cells [6-11], and from increased percentages of T cells expressing 

cytokinee mRNA and protein [10,12*14]. Also soluble products from T cells are present in 

increasedd amounts in BAL fluid at those later time points after allergen challenge 

[11,12,15]. . 
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Iff T lymphocytes play a role in the onset of the LAR one would expect to see changes in 

theirr numbers and activation state before and at the early onset of the LAR. We tested this 

hypothesiss in the model of segmental allergen challenge (SAC) in patients with allergic 

asthma.. Analysis of T cells from the site of allergen challenge was performed before and at 

4hh after SAC. We have focused on T-cell activation by measuring the expression of CD27, 

onn the activation of mucosal T cells by analysing CD103+ T cells, and on the expression 

off intracellular cytokine proteins in bronchoalveolar lavage (BAL) fluid derived T cells. 

CD277 is a membrane surface protein on T cells which is upregulated on naive T 

cellss after first contact with antigen via antigen presenting cells [16]. At the same time the 

cellss are induced to express high levels of the ligand CD70. Subsequently, the CD27/CD70 

pairr will support clonal expansion and cytokine production by specific T lymphocytes [17]. 

Afterr repeated antigenic stimulation the CD27 molecule is shed [18]. Thus CD27+ T cells 

andd CD27" T cells are considered to be naive T cells and memory-type T cells activated by 

antigen,, respectively. In a house dust mite-reactive donor the allergen-reactive T cells in the 

bloodd were exclusively found within the CD27" population [19]. 

CD1033 (integrin aE(37) is a membrane surface molecule that is predominantly 

expressedd on mucosal leukocytes [20]. It specifically binds to E-cadherin expressed on the 

basolaterall surface of epithelial cells [21]. Furthermore, it has been described as an 

activationn antigen which can in vitro be upregulated by mitogens, phorbolesters, antigens 

andd IL-2 [22,23]. It has been shown indeed that the percentage CD103+ T cells is higher 

inn BAL fluid than in peripheral blood [24]. 

T-celll cytokines and in particular the Th2 cytokines IL-4 and IL-5 mediate several 

reactionss in allergic asthma, e.g. supporting recruitment of eosinophils into the airways 

[25,26].. Th2 cytokine mRNA and the protein levels have been shown to be increased in 

lung-biopsyy tissues from symptomatic allergic asthma patients and from patients with severe 

asthmaa [27]. Controlled allergen exposure resulted in an increase of these cytokines in the 

lungss of allergic subjects at 12 to 48h after allergen exposure. However, Th2 cytokines 

weree not predominant in stable patients with mild asthma [28], and there is no information 

onn their possible role in the early onset of the LAR in the lungs. We have developed an 

immunocytochemicall procedure for the staining of intracellular cytokine proteins in BAL 

fluidd T cells [29]. With this method the T-cell subset can be identified and there is no need 

forr in vitro stimulation of the cells. The omission of in vitro stimulation may avoid masking 

off differences between allergic and C subjects [30]. 

Heree we report the results of our analysis of those parameters of T-cell activation in 

BALL fluid and blood in our model of SAC [31,32] in allergic patients with mild to moderate 
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asthmaa and in non-allergic healthy subjects. We have observed changes in numbers of 

CD27+CD103++ T-cell subpopulations, and activation of especially IFN-y production in the 

BALL fluid of allergic asthma, which was different from the effects in controls. This provides 

evidencee for the involvement of T lymphocytes in the onset of allergen-induced 

inflammatoryy reactions in the lungs within 4h after allergen contact. 

Materia ll  and Method s 

Subjects Subjects 

Sixteenn volunteers (8 non-smoking allergic asthmatics and 8 non-smoking non-allergic 

healthyy controls) were selected for the study. The groups were similar with respect to age 

andd sex (Table 1). Asthma was defined according to the American Thoracic Society (ATS) 

criteriaa and included a history of recurrent episodes of wheezing, chest tightness and 

dyspnoeaa and a normal FEV, between asthmatic attacks [33]. Asthma severity ranged from 

Gradee I (episodic) to Grade III (moderate persistent), according to the staging as proposed 

inn the Global Initiative for Asthma [34]. All asthma patients showed bronchial 

hyperreactivity.. None had experienced an exacerbation of asthma during at least 2 months 

beforee the SAC. None of the subjects used anti-inflammatory medication, in particular they 

didd not use glucocorticosteroids for at least 6 weeks prior to the study. Inhaled 

bronchodilatorss were withheld at least 8 h before all investigations. All asthma subjects had 

aa positive RAST and a positive skin prick test for house dust mite allergens. The control 

subjectss had no past or present history of wheezing, chest tightness, recurrent episodes of 

reversiblee airway obstruction, or allergy. The control subjects were RAST negative for a 

standardd panel of allergens tested. They were skin prick test negative for house dust mite 

allergens.. None of the subjects had experienced recent airway infection. The study was 

approvedd by the Internal Review Board of the Academic Medical Center, Amsterdam, and 

wass performed after written informed consent had been obtained. 

LungLung  function  tests 

Thee FEV, and inspiratory vital capacity were measured with a dry rolling-seal spirometer 

(Sensorr Medics BV, Bilthoven, The Netherlands) according to standardized guidelines [35]. 

Bronchiall reactivity to histamine was determined by a two-minute tidal-breathing method 

[36].. The histamine threshold (PC20histamine) was defined as the interpolated concentration 

off histamine that caused a fall in FEV, of 20% of the baseline value. 
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Tablee 1. Subject characteristics 

Subjectt Age (Yr) Sex FEV, (%pred) PC20hist (mg/ml) Skin threshold (BU/ml) 

no. . 
AAA grou p 

CC grou p 

1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
1 1 
2 2 
3 3 
4 4 
5 5 
6 6 

29 9 
19 9 
28 8 
25 5 
24 4 
30 0 
22 2 
26 6 
39 9 
26 6 
39 9 
22 2 
25 5 
20 0 

M M 

M M 

M M 

103 3 
100 0 
111 1 
92 2 
95 5 
104 4 
67 7 
108 8 
114 4 
121 1 
100 0 
106 6 
122 2 
103 3 

3. 2 2 
0* * 
4. 5 5 
1.1 1 
1.7 7 
1.2 2 
0. 6 6 
1.5 5 
>32 2 
>32 2 
>32 2 
23. 1 1 
>32 2 
>32 2 

3 3 
3 3 
3 3 
0. 3 3 
0. 3 3 
0. 3 3 
0. 3 3 
0. 3 3 
>30 0 0 
>30 0 0 
>30 0 0 
>50 0 
>50 0 
>50 0 

77 38 M 110 >32 >50 
88 29 M 110 21.5 >50 

** subject showed a fall in FEV, of 20% when breathing PBS only. 

StudyStudy  design 

Thee study design was as described before [31,32]. At an initial visit, all subjects completed 

aa respiratory and allergy questionnaire. A blood sample was taken to determine allergen-

specificc and total IgE. Baseline spirometry and a histamine provocation test were performed. 

Onn the day that the subjects returned to the clinic for allergen challenge, a second baseline 

spirometryy was done and intracutaneous dose response series with house dust mite were 

performedd to determine the allergen dose for the allergen provocation procedure. 

DeterminationDetermination  of  allergen  dose 

Skinn test titrations were performed to determine the concentration of the allergen producing 

aa 10 mm wheal response at 15 min after intracutaneous injection [37]. The allergic asthma 

groupp underwent an allergen challenge with 1 ml of this allergen concentration brought to 

aa final volume of 5 ml with saline. The control (C) group was challenged with either 300 

orr 50 BU house dust mite allergen in 5 ml saline. For the amounts of allergen applied see 

Tablee 1. The highest level of LPS delivered was 0.25 pg/ml (in 3 C subjects). Samples 

containingg less than 2.1 pg/ml are within United States Pharmacopeia standards for 

endotoxinn concentrations and are considered safe and non-pyrogenic for intravenous 

injectionn [38]. 
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FiberopticFiberoptic  bronchoscopy  and Segmental  Allergen  Challenge 

AA baseline BAL was performed of the lingula and a postchallenge BAL of the right middle 

lobee segment at 4h after SAC. Bronchoscopy was performed as described previously [39]. 

Briefly,, after premedication with atropine and codeine and after local anaesthesia with 

lidocaine,, a flexible fiberoptic video-bronchoscope (Olympus p200) was wedged into a 

(sub)segmentt of the lingula or middle lobe. Seven successive 20 ml aliquots of sterile, 

prewarmedd NaCI (154 mM) were instilled and each aspirated immediately with low 

suction.. After the baseline lavage, allergen was administered into a segment of the right 

middlee lobe. Four h after challenge, bronchoscopy was repeated and the allergen 

challengedd segment of the right middle lobe was lavaged. Transcutaneous oxygen 

saturationn was monitored throughout the bronchoscopy. Subjects were observed for at least 

3hh after the last bronchoscopy. 

BronchoalveolarBronchoalveolar  lavage  fluid 

Thee aliquots four to seven were combined and used for this study. The pooled BAL fluid 

wass immediately centrifuged at 500 g and . The cell-free supernatant was stored in 

aliquotss at . BAL fluid cells were resuspended in phosphate buffered saline (140 mM 

NaCII (Merck, Munich, Germany) and 10 mM sodium phosphate (Merck), pH 7.4) 

containingg 0.5% (w/v) bovine serum albumin (Boseral DEM, Organon Teknika b.v., Boxtel, 

thee Netherlands) (PBA). The number of erythrocytes was counted with Daecie-suspension 

(1.2%% (w/v) trisodiumcitrate.2H20 (Merck) + 0.4% (v/v) formaldehyde 37% (w/v; Merck)) 

inn a Fuchs-Rosenthal counting chamber. All pools contained less than 1 x 105 erythrocytes 

perr ml, indicating no significant bleeding during bronchoscopy. Total cell number was 

determinedd by counting manually in a Biirker counting chamber. Cells were 

cytocentrifugedd at 500 rpm for 2 min in a Shandon Cytocentrifuge (model cytospin 2) and 

stainedd with Romanovsky (Diff-Quick) and Jenner-Giemsa. For differential cell counts, a 

totall of at least 1,000 cells were enumerated. Epithelial cells, macrophages, lymphocytes, 

neutrophilss and eosinophils were identified. 

PeripheralPeripheral  blood  (mononuclear)  cells 

Bloodd was collected from the subjects via venepuncture before and at 4h after allergen 

challenge.. The collected blood was anticoagulated with 0.105 M (3.2%) buffered sodium 

citratee (Becton Dickinson (BD), San Jose, CA). Peripheral blood mononuclear cells (PBMC) 

weree isolated by centrifugation of the blood over Lymphoprep (Nycomed Pharma, Oslo, 
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Norway).. Total and differential leukocyte counts were performed in EDTA-blood by using 

ann automated method (H3-RTX, Bayer-Technicon, Tarrytown, NY). 

FlowFlow  cytofluorimetry 

Inertt mouse lgG1, inert mouse lgG2a, goat-anti-mouse-lgG1, anti-LeucoGate™, anti-CD2, 

anti-CD3,, anti-CD4, anti-CD8, anti-CD19, anti-CD27, anti-CD28, anti-CD45RA, anti-

CD45RO,, anti-NK mix™, anti-Leu8 and anti-HLA II were from BD. Anti-CD103 (2G5) was 

fromm Beckman-Coulter (Mijdrecht, The Netherlands). All antibodies were FITC, phyco-

erythrinn (PE) or PE-Cy5 labeled. 

Cellss (from blood and BAL fluid) were kept in tubes on melting ice at all times. Cells 

weree collected, washed with PBA and incubated for 30 minutes with different combinations 

off monoclonal antibodies in PBA. After washing, analysis of cell suspensions was 

performedd on a FACScan (BD) [40]. Lymphocytes were gated on the basis of forward and 

sidee light scatter. The occurrence of dead celts in the gate was checked by analyzing 

sampless after propidium iodide incubation. In all experiments, parallel incubations were 

performedd with irrelevant antibodies matched for the isotypes of the detecting antibodies. 

Minimall 50,000 events where counted per sample until at least 5,000 cells were detected 

inn the lymphocyte gate. 

IntracellularIntracellular  labeling  and staining 

BALL fluid cells and PBMC were treated as described before [29]. Cells were scored with a 

lightt microscope. The origin of the cells was not known to the person scoring the slides. At 

leastt 1,000 cells were scored. Absolute numbers of cytokine-positive cells were calculated 

byy multiplying the percentage cytokine-positive cells by the absolute number of 

lymphocytess present as deduced from the cytospin preparations. The method was validated 

byy using T-cell clones which were stable producers (as detected by ELISA) of one or more 

off the cytokines studied. 

StatisticalStatistical  analysis 

Thee non-parametric Mann Whitney U (MWU) test was used to evaluate differences between 

thee asthmatic and the control group. The non-parametric Wilcoxon matched pair signed 

rankk (WR) test was used to evaluate differences due to SAC within individual subjects. 

Probabilityy values less than 0.05 were considered significant. 
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Result s s 

Thee subject characteristics, FEV,, PC20histamine and skin allergen threshold are given in 

Tablee 1. The percentage of BAL fluid recovered was similar in both groups. At baseline, the 

recoveryy in the allergic asthma group was 76.3% (71.3% - 96.3%) (median and range) and 

inn the C group 78.8% (62.5% - 82.5%). At 4h, the recovery in the allergic asthma group 

wass 71.9% (56.3% - 88.8%) and in the C group 81.9% (60.0% - 93.8%). 

TotalTotal  and differential  cell  counts  in  BAL  fluid  and blood 

Att baseline, there was no difference in total cell counts in BAL fluid between the patients 

withh allergic asthma and non-allergic healthy subjects (Table 2). The allergic asthma 

patientss had higher numbers of eosinophils (mean  SD: 1.36 3 /ml vs. 0.33  0.3 

xx lOVml; p < 0 . 0 1 , MWU) and neutrophils (2.53  2.7 x 103/ml vs. 0.84  0.6 x 107ml; 

p<0 .05 ,, MWU) than C subjects. No differences were observed for the numbers of 

macrophages,, lymphocytes, monocytes and epithelial cells. 

Tablee 2. Cells (x103/ml) in BAL fluid pool 2 before and at 4h postchallenge 

Allergicc asthma C group 
Time e 

Totall cells 

Macrophages s 

Lymphocytes s 

Eosinophils s 

Neutrophils s 

Monocytes s 

Epitheliall cells 

0 0 
133 3 

(95-186) ) 
121 1 

(86-11 72) 
7.6 6 

(3.6-27.6) ) 
0.89b b 

(0.14-3.5) ) 
1.3C C 

(0.52-7.9) ) 
0.27 7 

(0-0.75) ) 
0.07 7 

(0-0.83) ) 

( n -8 ) ) 
4h h 
123 3 

(82-306) ) 
90 0 

(47-212) ) 
6.1 1 

(2.1-46.8) ) 
0.88 8 

(0.09-12.2) ) 
17.0d d 

(3.4-53.2) ) 
0.50 0 

(0-2.4) ) 
0.20 0 

(0-1.8) ) 

( n -8 ) ) 
0 0 

122 2 
(73-312) ) 

106 6 
(67-296) ) 

6.9 9 
(4.4-32.5) ) 

0.26 6 
(0-0.92) ) 

0.60 0 
(0.32-2.1) ) 

0.22 2 
(0-0.89) ) 

0.26 6 
(0-0.77) ) 

4h h 
144 4 

(73-613) ) 
62a a 

(37-194) ) 
7.4 4 

(3.1-34) ) 
0.42 2 

(0.07-3.9) ) 
9.0e e 

(2.3-557) ) 
0.22 2 

(0-1.62) ) 
0.22 2 

(0-0.47) ) 

0,, before challenge; 4h, at 4h postchallenge. Median and range are shown. a)p = 0.02 (compared to 
baseline);; b)p = 0.02 (compared to control); dp = 0.02 (compared to control); d)p = 0.05 (compared to 
baseline);; e>p = 0.01 (compared to baseline). 
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SACC had no effect on total cell numbers in BAL fluid, neither in the allergic asthma nor in 

thee C subjects. Both in allergic asthma and C subjects there was an increase in the numbers 

off neutrophils (p<0.05 and p<0 .01 , respectively, WR). In C subjects this was 

accompaniedd by a significant decrease in the numbers of macrophages (p<0.02, WR). No 

effectss of SAC were observed for the numbers of lymphocytes, eosinophils, monocytes and 

epitheliall cells. 

Att baseline, blood cells from allergic asthma patients did not differ from the cells 

fromm C subjects for all parameters tested: total number of leukocytes/L, total number of 

eosinophils/L,, % neutrophils, % eosinophils, % basophils, % lymphocytes, % monocytes. 

LymphocyteLymphocyte subpopulations 

Celll surface markers were analysed in all subjects. At baseline, the percentages of both 

CD4+CD27++ and CD8+CD27+ cells were much lower in BAL fluid than in blood (p<0.05), 

bothh in allergic asthma and controls. The CD4+CD103+ and CD8 + CD103+ cells were 

higherr in BAL fluid than in blood (p< =0.02) (Table 3). No significant differences between 

allergicc asthma and controls were found in the numbers of CD3+ cells/ml (median 5.36 x 

1033 cells/ml of BAL fluid in the allergic asthma group versus 5.02 x 103 cells/ml of BAL fluid 

inn the C group). No differences were found between BAL fluid cells of the allergic asthma 

andd C group for the percentages CD3+, CD4+, CD8+ , CD4+CD27+ , CD8+CD27+ , 

CD4+CD103++ and CD8+CD103+ cells. 

Inn allergic asthma patients, SAC resulted in an increase of the percentage of BAL 

fluidd CD4+CD27+CD103+ cells (% of CD4+CD103 + ; p<0.02; WR test; Figure 1a). This 

wass significantly different from the changes in the C group (p<0.02; Figurela). On the 

otherr hand, there was a tendency for a decrease of the percentage of CD8+CD27+CD103 + 

cellss (% of CD8+CD103+) after SAC in allergic asthma and not in controls (p = 0.08; WR 

test;; Figure 1 b). When the CD103" subpopulations were studied or when these four markers 

weree studied separately no significant effects of SAC were detected. The numbers of CD3 + 

cellss in both groups were not significantly changed after SAC. SAC had no effect on the 

percentagess CD4+ and CD8+ cells in BAL fluid (in % of CD3). 

Inn the blood at baseline, no significant differences were found between the groups 

forr lymphocyte subpopulations. After SAC, the percentage CD4+CD27+CD103+ cells 

tendedd to decrease in the allergic asthma patients (Figure 2a, p = 0.07). The changes in the 

patientss were significantly different from those in controls (p<0.02; MWU; Figure 2b). 
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IntracellularIntracellular  cytokines 

CellsCells  from  BAL  fluid  without  in  vitro  stimulation 

Att baseline, the total number of IFN-y+ lymphocytes per ml BAL fluid tended to be lower 

inn allergic asthma than in C subjects (median (range): <1/ml (< 1-92.5) vs. 66/ml ( < 1 -

2,174);; p = 0.09; MWU). When analysed for CD4+ and CD8+ cells separately this difference 

wass detected in the CD8+ lymphocyte subpopulation. IL-4+ cells were detected in 5 of 8 

asthmaa patients and in 3 of 7 controls. IL-5+ cells were detected in 3 of 8 asthma patients 

andd in 2 of 7 controls. No differences were found for numbers of IL-4+ and !L-5+ cells 

betweenn patients controls (IL-4: 24.4/ml ( < 1-800) vs. <1/ml (0-490); IL-5: <1/ml ( < 1 -

85.7)) vs. <1/ml ( < 1-66.4)). 

Att 4h after challenge there was an increase of lFN-y+ T cells in the asthma patients 

onlyy (from 39.4  29.2/ml to 410.4  804.9/ml (mean  SD); p = 0.03) (Figure 3a). The 

increasee of IFN-y+ cells in asthma was significantly different from the changes in controls 

(pp = 0.01). The increase of IFN-y+ cells was found mainly in the CD4+ cells (Figure 3b) 

indicatingg that at this early time-point CD4+ and not CD8+ T cells responded to the allergen 

challengee by cytokine production. Numbers of IL-4+ and IL-5+ cells were not significantly 

changedd by SAC at 4h. When the cytokine-positive cells were expressed in percentage of 

lymphocytess essentially the same results were found. 

CellsCells  from  BAL  fluid  after  in  vitro  stimulation 

Beforee SAC, the total numbers of IFN-y+ cells tended to be lower in the patients than in 

controlss (median (range) 1,170/ml (585-5,111) vs. 559/ml (<1 -10,128); p = 0.08; MWU), 

withh contributions both by CD4+ and CD8+ cells. The total numbers of IL-4+ cells were 

significantlyy higher in asthma than in C subjects (357/ml (117-2,276) vs. 98.6/ml ( < 1 -

1,454);; p = 0.02; MWU), whereas for IL-5+ cells a trend for higher numbers in asthma was 

foundd (206/ml (< 1-2,975) vs. 27.4/ml (< 1-1,152); p = 0.06; MWU). IL-4+ CD4 + 

lymphocytess were now detected in 7 of 8 asthma patients and 5 of 7 C subjects, and IL-5* 

CD4++ lymphocytes also in 7 of 8 asthma patients and 5 of 7 C subjects. IL-4+ CD8 + 

lymphocytess were detected in 4 of 8 patients and in 3 of 7 C subjects, whereas lL-5+ CD8+ 

lymphocytess were detected in 5 of 8 patients and 1 of 7 C subjects. SAC did not 

significantlyy affect the numbers of IFN-y+, IL-4+ and IL-5" cells. There was no difference 

betweenn the changes observed in the patients and those in controls. 
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Figur ee 3. A. IFN-y+ lymphocytes (103/L) in BAL fluid before and 4h after SAC. Cells were not 
stimulatedd in vitro. Circles, 8 asthmatic subjects; Triangles, 7 healthy control subjects. B. as A but 
noww IFN-y+CD4+ lymphocytes. 

CellsCells  from  blood  without  in  vitro  stimulation 

Att baseline, there were no differences in cytokine-positive cells between patients and 

controls.. SAC resulted in a significant increase of the number of IL-4 + cells both in allergic 

asthmaa patients and in C subjects. This increase in IL-4+ cells resided in the CD4+ cells 

mainlyy (Figure 4) indicating that also in the blood at this early 4h time-point the CD4+ and 

nott CD8+ T cells are responding to the allergen challenge by cytokine production. 
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Figur ee 4. IL-4+CD4+ lymphocytes 
(107L)) in blood before and 4h after 
SAC.. Cells were not stimulated in vitro. 
Circles,, 8 asthmatic subjects; Triangles, 
77 healthy control subjects. 

CellsCells  from  blood  after  in  vitro  stimulation 

Att baseline, no significant differences were found in the number of cytokine-positive cells 

betweenn asthma patients and controls. SAC resulted in a tendency for increased numbers 
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off IFN-y* cells (CD8+ plus CD4+) in the patients (from 59.6/ml (25.5-199.6) to 90.8/ml 

(27.2-209.9);; p<0.08). There were no statistically significant effects on numbers of IL-4 + 

andd IL-5+ cells, neither in the patients nor in controls. 

Discussio n n 

Segmentall allergen challenge had marked effects on T-cell subpopulations and intracellular 

cytokinee protein production in BAL fluid and blood T cells from allergic asthmatic patients 

withinn 4 h after allergen challenge. The percentage of CD4+CD27+CD103+cells increased 

inn BAL fluid (p<0.02). Furthermore, SAC resulted in an increase of IFN-y+CD4+ cells in the 

BALL fluid of asthma patients, whereas in C subjects IFN-y+ cells tended to decrease. 

Thee changes in the CD27+ population indicate antigen-specific events in the BAL 

fluidd T-cell population. It is important to note that these changes were restricted to the 

mucosall CD103 + T cells. Both CD4+ and CD8+ lymphocytes were implicated in the 

allergen-inducedd reactions in the airways at 4h after SAC. The increase of the percentage 

CD4+CD27+CD103++ T cells in BAL fluid points to an increase of the percentage naive T 

cellss in this subpopulation. This may have been the result of a migration of antigen-

experiencedd T cells into the mucosal tissue and/or a migration of CD27+ T cells from the 

bloodd into the epithelial lining fluid. The decrease of the percentage CD4+CD27+CD 103+ 

TT cells in the blood is in line with this explanation. It would be very interesting to know the 

precisee events occurring in the tissue as we did not observe a significant increase of the 

numberss of the CD4+CD27+CD103+ cells in the BAL fluid. This was related to a decrease 

off total CD3+ T cells in the BAL fluid in 4 patients which contributed to a net decrease of 

thee CD27+ subpopulation in these patients. 

Thee studies from Cratziou et at. [3] provided evidence for an early involvement of 

TT lymphocytes in the reactions after allergen challenge by showing a decrease of CD3 + 

cellss in BAL fluid within 10 min after SAC, an increase of T cells in the mucosal tissue and 

aa decrease of the T cells expressing adhesion molecules in BAL fluid at 6h after SAC [4,5]. 

Ourr results provide further support for a role of T cells in the onset of the late phase 

asthmaticc reaction and pinpoint such a role to antigen-related events and to the mucosal 

CD103++ T cells. 

Furtherr evidence for the activation of T cells within 4h after SAC derives from the 

increasee in cytokine-positive cells in BAL fluid and blood. When we omitted in vitro 

stimulationn of the cells, SAC resulted in an increase of IFN-y+ T cells in BAL fluid from 
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asthmaa patients, which were CD4+ cells in particular. Furthermore, there was an increase 

inn lL-4+ cells in the blood both in asthma and control. When we stimulated the cells in vitro 

thee outcome was different: no significant changes were observed in BAL fluid cells and 

theree was an increase in IFN-y+ cells in the blood. Differences in cytokine staining in 

relationn to the stimulus applied have been described earlier [30,41,42], We assume that 

resultss of the procedure without in vitro stimulation closely reflect the actual in vivo 

situation.. The results after in vitro stimulation may provide information on the total cytokine 

productionn capacity of the cell populations. 

Ourr results of an increase in IFN-y+ cells in BAL fluid after SAC in asthma patients 

aree in line with the increase in BAL fluid IFN-y levels after SAC [43] and with the 

observationn that T-cell clones derived from BAL fluid T cells obtained after allergen 

inhalationn showed high IFN-y production [44]. The increase of IFN-y+ cells may be related 

too activation of mast cells in the allergic asthmatic patients. We have reported earlier that 

theree is release of tryptase after SAC indicating the activation of mast cells under the 

conditionss applied [30], In vitro studies performed by our group showed that mast cells 

productss enhanced IFN-y production by T cells [45]. Furthermore, differences in 

characteristicss of alveolar macrophages may cause the differences between asthma patients 

andd healthy subjects. In asthma patients a considerable part of alveolar macrophages 

belongss to the type that may activate T cells, whereas in healthy subjects most of the 

alveolarr macrophages belong to the type that suppresses T-cell functions [46,47]. Thus, 

activationn of macrophages by the SAC may result in activation of T cells resulting in 

increasedd cytokine production in asthma patients. Alternative explanations may invoke 

differencess between asthma and control subjects with respect to the redistribution of T cells 

inn various compartments. 

Forr IL-4 and IL-5 the 4h time-point after SAC might have been too early to detect any 

increasee in their expression. Teran et a/. [48] found a less than 3-fold increase of IL-5 at 4h 

afterr allergen challenge but a 20-fold increase of IL-5 at 24h after challenge. 

Besidess the effects of SAC, there are a number of observations in our study at 

baselinee that showed important differences between BAL fluid and blood T lymphocytes. 

Bothh in asthma and controls the CD27+ cells were much lower in BAL fluid than in blood. 

Thiss confirms earlier results observed for BAL fluid T lymphocytes in sarcoidosis patients 

[40],, and demonstrates the activated state of T cells in the epithelial lining fluid. In 

agreementt with Erie et a/. [24] CD103+ cells were higher in BAL fluid than in blood. 

Ourr baseline cytokine results, for cells that had not been stimulated in vitro, showed 

aa trend for lower percentages of IFN-y+ T cells in BAL fluid from asthma patients as 
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comparedd to healthy subjects. CD8+ T cells of the asthmatic patients studied showed no 

IFN-yy staining at all, which was different from control subjects. No differences were 

detectedd in percentages IL-4+ or IL-5+ cells. An earlier report about immunohistochemical 

stainingg of bronchial biopsies failed to show cytokine staining in T cells [14], which was 

explainedd by the limited capacity of T cells to store cytokines. Our method of 

immunocytochemicall double staining of BAL fluid cells seems to be sensitive enough to 

detectt T-cell cytokine production even in unstimulated cells and shows that a decreased 

IFN-yy production rather than increased production of IL-4 and IL-5 is found in asthmatic 

subjectss at baseline. 

Afterr in vitro stimulation of BAL fluid cells there was still a tendency for lower 

percentagess of IFN-y+ cells in asthmatic subjects; the numbers of IL-4+ cells were clearly 

elevatedd and there was a tendency for higher numbers of IL-5 * cells than in control 

subjects.. However, after in vitro stimulation, numbers of IFN-y+ cells exceeded numbers 

off Th2-cytokine producing cells both in asthmatic and control subjects. Krug et al. [49] also 

foundd a predominant production of IFN-y by BAL fluid cells stimulated in vitro. 

Wee conclude that flow cytometrical study of combinations of cell surface markers 

andd immunocytochemical study of both unstimulated and in vitro stimulated cells provide 

uss with new insights in T-cell inflammatory reactions after SAC. The flow cytometrical study 

revealedd that in particular mucosal CD4+ and CD8+ T lymphocytes were activated and that 

thiss activation seems to be antigen-related. Though it is believed that CD8+ T cells 

preferentiallyy interact with peptides derived from intracellular antigens, in several model 

systemss CD8+ T cells have been shown to interact with antigenic fragments from soluble 

antigenss as well [50]. Any role of allergen-specific CD8+ cells is still controversial. A recent 

studyy in a rat model, however, showed that antigen-primed CD8+ cells downregulated the 

latee airway response [51]. Most striking was the early rise in IFN-y production by CD4+ BAL 

fluidd cells in asthmatics after SAC, pointing at an initial Thl reaction. Although a role for 

Th2-likee cells in the pathophysiology of allergic asthma has been convincingly 

demonstrated,, IFN-y also is implicated in allergic reactions. Whether the role of IFN-y is 

proinflammatoryy (e.g. via stimulating TNF-a production by alveolar macrophages) and thus 

exacerbatingg allergic inflammation, or down regulatory (dampening Th2 reactions) still 

needss further investigation. It is interesting to note that recently published data in a mouse 

modell showed that after airway challenge Thl cells were efficiently recruited to the lungs 

andd that Th2 cells needed the help of Th1 cells for successful recruitment [52]. It might well 

bee that in humans the same mechanisms play a role and that after airway challenge an 

initiall Thl reaction mediates the subsequent Th2 cell recruitment and Th2 reactions. 
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