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Abstrac t t 

TT lymphocytes play an important role in the regulation of the chronic inflammation of the 

airwayss in patients with allergic asthma. We have performed a double blind, randomized, 

parallel-groupp study of the effect of 12 wk treatment with inhaled fluticasone propionate 

(FP)) or salbutamol on CD25 and CD27 expression on CD4+ and CD8+ T lymphocytes in 

BALL fluid, and the soluble CD25 (sCD25) and sCD27 in the peripheral blood. Fluticasone 

propionatee treatment significantly increased the percentage of CD27+ T cells in BAL fluid 

(p<0.01),, indicating a decrease of antigen-activated T cells. FP treatment lowered the levels 

off sCD27 in the serum, which was significantly different from the changes induced by 

salbutamoll (p = 0.04). The increase of CD27T T cells in BAL fluid correlated with the 

decreasee of eosinophils in the blood (p = 0.03). The changes of CD8+ T cells in BAL fluid 

correlatedd with changes in the permeability of the respiratory membrane for proteins 

(p<0.01).. The decrease of sCD27 in the serum correlated with the increase in the PC20 

histaminee (p = 0.033). We conclude that FP treatment decreased T-cell activation both in 

BALL fluid and peripheral blood. 

Introductio n n 

Patientss with allergic asthma have bronchial hyperreactivity, reversible airway narrowing, 

andd chronic inflammation of the airway wall. Cardinal features of this inflammation are the 

infiltrationn of inflammatory cells into the airway lumen, an abnormal local secretion of 

proteins,, an increased leakage of plasma proteins into the airways, and damage of the 

airwayy epithelium [1]. T lymphocytes play an important regulatory role in the allergic 

inflammatoryy process. 

Therapyy with glucocorticosteroids (GCS) is effective in controlling asthma symptoms, 

reducingg airway obstruction and bronchial hyperresponsiveness [2]. Their effects are 

attributedd to their anti-inflammatory action [3]. Oral GCS were reported to decrease 

activationn of CD4+ T cells, and expression of some (but not all) cytokine mRNA by CD4+ 

TT lymphocytes in bronchial biopsies [4]. They also decreased the degree of activation of 

lymphocytess in peripheral blood [5,6] of subjects with severe asthma. High dose of the 

inhaledd GCS fluticasone resulted in a reduction of the proportion of lymphocytes in 

bronchoalveolarr lavage (BAL) fluid and a reduction of lymphocyte activation as measured 

byy HLA-DR [7], but low dose inhaled fluticasone did not affect total cell numbers and BAL 
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celll differentials [8]. The inhaled CCS beclomethasone dipropionate (in doses varying from 

intermediatee to low) did not alter BAL fluid cell differentials but did reduce T-cell activation 

ass measured by expression of CD25 (which is the a-chain of the receptor for IL-2) and HLA-

DRR [9]. Inhaled GCS reduced the CD3+, CD45RCT, CD4+, CD8+ , and CD25+ cells in the 

laminaa propria of asthma patients [3,7,10-12]. 

Untill now the available literature described the effects of GCS on total lymphocyte 

subpopulationss and on the expression of CD25 and HLA-DR. Information is lacking on 

effectss on subpopulations expressing co-stimulatory molecules like CD27 that are important 

inn the antigen-specific activation of T cells. In this study we focussed in particular on 

activatedd and differentiated T cells by analysing effects on CD25 and CD27 expression. The 

degreee of CD25 expression is considered to reflect T-cell activation [13,14], CD27 is a co-

stimulatoryy molecule, and considered as a marker for antigen-specific T-cell activation. The 

expressionn of this molecule on the T-cell membrane is increased after antigen-specific 

stimulationn [15], and shed from the T-cell membrane after repeated and/or chronic antigenic 

stimulationn [16]. Thus, CD27" cells are considered antigen-activated cells [1 7]. The shed 

CD277 may be measured as soluble CD27 (sCD27) in various body fluids. 

Wee have reported earlier on our double-blind, randomized, parallel-group study to 

evaluatee the effect of FP and salbutamol (Sb) on inflammatory indices in BAL fluid and on 

bronchiall hyperresponsiveness in patients with mild to moderate asthma [18,19]. In that 

study,, 12 weeks treatment with FP resulted in an improvement of clinical symptoms, a 

decreasee in BAL fluid eosinophils, and a decrease of plasma protein leakage into the 

airways.. Sb treatment resulted in a significant increase in bronchial hyperresponsiveness 

andd had no effect on inflammatory parameters. In the present study we have tested the 

hypothesiss that FP affects antigen-specific activation of T cells. To this end we measured the 

effectss on CD27 expression on T cells in BAL fluid, and on CD25 expression as a control. 

Thee primary outcomes of the study were the effects on CD3, CD4, CD8, CD25CD4, 

CD25CD8,, CD27CD4, CD27CD8 lymphocytes in BAL fluid. Furthermore, we tested CD3, 

CD4,, CD8, and CD25 in the peripheral blood. As soluble markers for T-cell activation we 

measuredd soluble CD25 (sCD25) and sCD27 in the serum of the patients. Furthermore, we 

studiedd the relations between primary outcomes and clinical- and other inflammatory-

parameters. . 
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Materia ll  and Method s 

Patients Patients 

Thirtyy patients were included in the treatment study, the characteristics of whom are shown 

inn Table 1. Asthma was diagnosed according to the American Thoracic Society criteria and 

includedd a history of recurrent episodes of wheezing, chest tightness and dyspnoea and a 

normall lung function between asthmatic attacks [20]. Asthma severity before institution of 

treatmentt ranged from Grade I (episodic) to Grade III (moderately persistent) [21]. 

StudyStudy design and lung function tests 

Thee study design was as described before [18,19]. In short, the study was a double-blind, 

doublee dummy, single-center, parallel-group study in which patients were randomized to 

receivee either FP 250 u.g bid or Sb 400 fag bid via rotadisk powder inhaler 

(Glaxoo We 11 co me, Zeist, The Netherlands) after having withheld inhaled corticosteroids for 

66 weeks. The study was approved by the Internal Review Board of the Academic Medical 

Center,, and was performed after written informed consent had been obtained. 

Thee forced expiratory volume in one second (FEV,) was measured as described [22]. 

Valuess are expressed as percentage of predicted. Bronchial reactivity to histamine was 

determinedd by a two-minute tidal-breathing method [23]. 

FiberopticFiberoptic bronchoscopy and immunologic analyses 

Bronchoalveolarr lavage (BAL) was performed with seven successive 20 ml aliquots of 

sterile,, prewarmed NaCI (154 mM) [24]. The aliquots four to seven were combined and 

usedd for this study. The BAL fluid was centrifuged at 500 g and , and the supernatant 

storedd at C until analysis. Cell differentials were measured as described [18,19]. 

Peripherall blood mononuclear cells (PBMC) were obtained as described [25]. 

Thee cells were stained with specific antibodies [25]: anti-LeucoGateTM, anti-CD2, 

anti-CD3,, anti-CD4, anti-CD8, anti-CD19, anti-CD25, anti-CD27 (all from Becton 

Dickinson,, San Jose, CA). The antibodies were FITC, phyco-erythrin (PE) or PE-Cy5 labeled. 

Thee analysis was performed with a FACScan (Becton Dickinson) [25]. Lymphocytes were 

gatedd on the basis of forward and side light scatter (lymphogate). In all experiments, parallel 

incubationss were performed with irrelevant antibodies matched for the isotypes of the 

detectingg antibodies used. Vitality of the cells was checked by analyzing the cells after 

additionn of propidium iodide. 
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Totall and allergen-specific IgE [18], and albumin and alpha-2-macroglobulin (A2M) [26] 

weree measured as described. sCD25 and sCD27 were measured by ELISA (OpteiaSet, 

Pharmingen,, San Diego, CA, and CLB Sanquin blood supply foundation, Amsterdam, the 

Netherlands,, respectively). The permeability of the respiratory membrane for proteins was 

assessedd by the relative coefficient of excretion (RCE), which was calculated as follows: 

{(A2MM in BAL fluid)/(A2M in serum)}/{(Albumin in BAL fluid)/(Albumin in serum)} [26]. 

StatisticalStatistical analysis 

Thee Mann Whitney U (MWU) test and Student's t-test were used to evaluate differences 

betweenn the FP and the Sb group. The Wilcoxon matched pair signed rank (WR) test was 

usedd to evaluate treatment effects and differences between cells within individuals. 

Spearman'ss rank correlation and Pearsson correlation were used to assess relationships 

betweenn variables. Two-sided probability values less than 0.05 were considered significant. 

Thee statistical analysis was performed with GP Prism 3.01 [27]. 

Result s s 

Thirtyy patients were randomized to receive FP (n = 15) or Sb (n = 15). At the start of the 

treatmentt period no significant differences were observed in baseline characteristics 

betweenn the two treatment groups, with respect to patient demographics and pulmonary 

functionss (Table 1). We have reported earlier that corticosteroid therapy was effective by 

decreasingg bronchial hyperresponsiveness, decreasing plasma protein leakage into the 

airwayy lumen, and decreasing the percentage of eosinophils in BAL fluid [18,19]. 

Thee percentage recovery of the BAL fluid before and after treatment was, mean

SEM:: FP group before, 66.5  15.2; after, 74.2  12; Sb group before, 71.1  18.9; after, 

69.00  14.5, without a significant difference between treatment and groups [18,19]. 

Inn the FP group total cell numbers in BAL fluid increased from 106  19 x 106/L 

(meann  SEM) before treatment to 128  15x106/L after treatment (p < 0.04). This increase 

waswas mainly caused by an increase in alveolar macrophages. There were no significant 

changess in the cell differentials, nor in the absolute numbers of lymphocytes, eosinophilic 

granulocytess and neutrophilic granulocytes. 
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Tablee 1. Summary of the patients characteristics at the start of the treatment period 

FPP group Sbb group 
Agee (y; median, range) 36 (20 - 52) 
M/FF 8/7 
Smokingg (ex-smokers)* 4/15(1/15) 
Totall IgE (GM/GSD, lU/mL) 224 (4.9) 
Allergyy (RAST positive) 13/15 
PC200 histamine (GM/GSD, mg/mL) 0.65 (4.7) 
FEV,, (% predicted; mean (sd)) 92.7 (1 7.6) 
FEV,/FVCC (mean (sd)) 0.74 (0.10) 
Inhaledd glucocorticosteroids 
beforee study 9/15 

322 ( 2 7 - 4 9 ) 
8/7 7 

2/11 5 (5/1 5) 
169(6.0) ) 

13/15 5 
0.544 (3.2) 

83.8(21.2) ) 
0.711 (0.13) 

9/15 5 

GM/GSD,, geometric mean, geometric standard deviation; RAST, radio-allergen-sorbent-test; FVC, 
forcedd vital capacity. 
** Median pack years in smokers and ex-smokers (n = 12): 4.5 (IQR 2.3-12.8). 
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Figuree 1. A: CD27 expression on T cells in BAL fluid before and after 12 weeks therapy with the 
inhaledd corticosteroid fluticasone propionate (FP) or the inhaled (32-agonist salbutamol (Sb). There 
wass a significant increase of CD27+CD3+ cells after FP therapy (WR: p<0.01). B: The increase of 
CD27++ cells resided mainly in the CD8+ T cell population. FP: WR, p = 0.014; Sb: WR, p = 0.037. 
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LymphocyteLymphocyte subpopulations in BAL fluid 

Thee results for lymphocyte subpopulations are shown in Table 2. From some patients we 

didd not obtain enough cells to perform all analyses. Paired analyses could be done for 12 

too 13 individuals in the FP group and for 9 to 11 individuals in the Sb group. Before 

treatmentt there were no differences between the two groups for all the parameters depicted. 

FPP treatment resulted in a statistically significant increase of the percentage CD27+ (% of 

CD3+)) T cells in BAL fluid from 42%  4.5% (mean  SEM) before to 51 %  3.9% after 

therapyy (Figure 1A; MWU, p<0.01). The changes of CD27+CD3+ in the GCS group were 

nott significantly different from changes in the Sb group (MWU, p = 0.17). When analyzed 

forr CD4 and CD8 separately, it appeared that increase of CD27+ cells resided mainly in the 

CD8++ T cells (Figure 1B; MWU, p = 0.014). Sb treatment had no significant effect on the 

percentagee CD27+ (% of CD3+), and there was a slight but significant increase of the 

percentagess CD27+ (% of CD8+) T cells (p = 0.04). CD25 expression on BAL fluid T cells 

waswas not affected by either treatment (Table 2). 

SerumSerum sCD25 and sCD27, and blood lymphocyte subpopulations 

Att baseline there were no differences between the groups for the levels of sCD25 and 

sCD277 in the serum. FP treatment resulted in a decrease of the levels of sCD27 in the serum 

off most patients, which was significantly different from the changes in sCD27 in the Sb 

groupp (Figure 2A, p = 0.04). FP nor SB had effect on the levels of sCD25 (Figure 2B). 

Forr blood lymphocytes, paired analyses could be done for 13 individuals in the FP group 

andd for 13 individuals in the Sb group. Neither treatment had any statistically significant 

effectt on the CD4, CD8, CD25CD4+ or CD25CD8+ subpopulations. 

CorrelationCorrelation of outcomes with clinical and other inflammatory parameters 

Too investigate whether the effects of therapy on CD27 expression, and on the levels of 

sCD277 were correlated with effects on clinical- and inflammatory- parameters, we analyzed 

whetherr changes in those parameters were correlated with changes in the FEV,, PC20 

histamine,, eosinophilic granulocytes in the BAL fluid and blood, and changes in the 

permeabilityy of the respiratory membrane for plasma proteins, expressed as the relative 

coefficientt of excretion, the RCE. 
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Figuree 2. A) The decrease of sCD27 in the serum was significantly larger after treatment with 
fluticasonee (CCS) than after treatment with Salbutamol (t-test, p = 0.04). B) The changes in sCD25 
inn serum were not different between CCS and salbutamol treatment. 

Tablee 2. Lymphocyte subpopulations in BAL fluid 

FPP group (n = 15) 
Beforee After 

Sbb group (n = 15) 
Beforee After 

CD3** (% of lymphogate) 
CD4** (% ofCD3) 
CD8** (% ofCD3) 
CD255 + CD4* (% ofCD4) 
CD25*CD8** (% of CD8) 
CD27+CD4** (%ofCD4) 

71.7(43.3-91.7) ) 
45.44 (10.8-90.6) 
38.44 (12.8-82.6) 
20.88 (5.4-46.5) 

5.00 (0-23.3) 
38.7(15.1-70.3) ) 

85.7(17.9-95.7) ) 
45.0(12.7-87.0) ) 
47.11 (15.5-76.9) 
11 7.9 (5.8-39.8) 
4.7(1.2-22.1) ) 

45.33 (11.6-71.7) 

64.7(10.0-89.8) ) 
44.55 (29.9-64.3) 
41.7(29.5-64.0) ) 
22.4(11.9-50.3) ) 

5.66 (0.8-28.0) 
43.11 (20.8-68.2) 

68.4(18.0-88.5) ) 
42.33 (22.1-62.6) 
44.7(30.5-69.3) ) 
24.22 (11.9-37.0) 

3.2(0.7-15.2) ) 
36.99 (23.0-68.0) 

CD27'CD8"" (%ofCD8) 64.2(28.8-81.8) 73.2(55.5-84.1)* 52.4(24.5-82.4) 67.5 (27.9-87.5)*

Depictedd are percentages of cells; median and range. *: WR, p = 0.014; **: WR P = 0.037. 

Thee increases of C D 2 7 + C D 3 + T cells in the BAL f luid correlated wi th the changes in 

eosinophi lss in the b lood (Figure 3; all patients: r = - 0 . 4 2 , p = 0.03). So, the decrease of 

antigen-activatedd cells in BAL f lu id paralleled the decrease of eosinophils in the b lood. In 

thee separate treatment groups this correlation was statistically significant in the Sb group 

(rhoo — 0 . 6 1 , p - 0 . 0 3 ) . 

W i t hh the analysis of the relation between T-cell parameters and the RCE we 

observedd that in the FP-treated group the lowering of the C D 8 + (% of CD3 + ) T cells in BAL 

f lu idd significantly correlated w i th the decreases in the RCE: FP group, rho = 0.77 (p<0 .01) 

(Figuree 4); Sb group, not significant. Similarly, but measured independently, the changes 

inn C D 4 (% of CD3 + ) were correlated with the changes in RCE (Figure 4, rho = - 0 . 9 1 , 

p < 0 . 0 0 1 ) ;; in the Sb-treated group there were no significant correlations. 
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Thee changes in sCD27 in the serum were significantly correlated w i th the changes in the 

PC200 histamine: r = - 0 .42 (p = 0.033), shown in Figure 5. 
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Figuree 3. The increase of 
CD27+CD3++ cells in BAL fluid 
significantlyy correlated with the 
decreasee of eosinophils in the 
blood.. Open symbols, FP group; 
filledd symbols, Sb group. 
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Figuree 4. In the asthma patients 
whoo were treated with 
fluticasone,, the changes in the % 
CD8++ and CD4+ T cells in BAL 
fluidd were significantly correlated 
withh the change in the 
permeabilityy of the respiratory 
membrane.. Open circles: CD8+ T 
cells:: rho = 0.77, p < 0 . 0 1 ; filled 
squares:: CD4+ T cells: rho=0.91, 
p < 0 . 0 0 1 . . 
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Figuree 5. The changes in serum 
sCD277 were significantly 
correlatedd with the changes in 
PC200 histamine doubling doses 
(rr = -0.42, p = 0.033). 
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Discussio n n 

Wee have reported earlier that glucocorticosteroid (GCS) treatment in the patient group 

studiedd here resulted in statistically significant decreases in the bronchial hyperreactivity, 

plasmaa protein leakage into the airways, and the percentage of eosinophilic granulocytes 

inn BAL fluid [18,19]. Here we show that treatment with FP increased the percentage of 

CD27++ T cells in BAL fluid. FP treatment also resulted in a decrease of the levels of sCD27 

inn the serum of most patients. The changes of sCD27 in serum correlated negatively with 

thee increase of PC20histamine. 

CD27"" cells are considered to represent antigen-activated cells [1 7]. This is based 

onn the observations that 1) CD27 was released from the membrane of T cells after activation 

off the cells via the TCR/CD3 complex [15], and 2) the T-cell clones derived from the CD27" 

cellss were enriched for antigen- and allergen- specific T cells in comparison to those 

derivedd from the CD27+ cells [16]. Therefore, the increase of the percentage of CD27+ T 

cellss in BAL fluid points to a decrease of antigen-activated T lymphocytes in the BAL fluid. 

Thiss may result either from a decrease of antigen-specific activation of BAL-fluid T cells 

and/orr from an influx of cells that have not recently been in contact with antigen. The 

downn regulation of antigen-specific T-cell activation might be the result of a downregulation 

off the production of activating cytokines and/or antigen-presenting cell functions. It is 

widelyy accepted that GCS exert such effect [28]. The observation that these effects occur 

inn CD8+ T cells in allergic asthma is unexpected. T-cell activation in allergic asthma is 

thoughtt to result mainly from allergen contact. Allergens are soluble proteins and their 

fragmentss are presented in the context of MHC II, which results in CD4+ T cell reactions. 

Wee did find a trend for a decrease of CD4+ T cell-activation on the basis of CD27 

expression.. However, the changes on CD8+ T cells were more clear. Either allergens react 

withh CD8+ T cells to some extent [29] or the CD8+ cell reactions are secondary, reflecting 

regulatoryy cellular reactions with as yet unknown antigenic specificity. Allergen-induced 

activationn or accumulation of CD8+ T cells in the lungs in asthma patients has earlier been 

demonstratedd by Wahlström et al. [30]. 

AA subset of CD27"CD8 + T cells, defined as CD27"CD45RA+CD8\ was 

characterizedd as memory-effector cells and contains the antigen-specific effector cells [31]. 

Itt would be important to focus in further studies on effects of GCS on this subpopulation. 

Inn another group of patients with allergic asthma we studied the expression of 

anotherr co-stimulatory molecule that is involved in antigen-specific activation of T 

lymphocytes,, CD28. There we observed higher percentages of CD28~ CD8+ cells (in % of 

104 4 



InhaledInhaled steroids and T-cells 

CD45R0+CD8++ and of CD45RA+CD8+) in the blood of asthmatic patients compared to 

healthyy subjects [32] which suggests increased antigen-specific activation of CD8+ T cells 

inn the blood of asthmatic patients not treated with inhaled GCS. Though it is believed that 

CD8++ T cells preferentially interact with fragments from intracellular pathogens, in several 

modell systems CD8+ T cells have been shown to interact with antigenic fragments from 

solublee antigens as well [29], 

Thee decrease of T-cell activation in BAL fluid was concluded on the basis of the 

increasee in CD27 expression on BAL fluid T cells. The lowered activation was not apparent 

fromm any decrease of another T-cell activation marker, the CD25 expression on BAL fluid 

TT cells. It is not known, however, whether the asthma patients in this study had an 

increasedd CD25 expression in comparison to healthy subjects. The lack of changes in CD25 

expressionn confirms results in other studies on the effect of GCS treatment in mild 

asthmaticss [33], 

Inn our study on BAL fluid T cells in patients with systemic sclerosis we also observed 

aa divergence between the expression of CD25 and CD27 as markers for T-cell activation 

inn the BAL fluid [34]. Patients with systemic sclerosis without signs of pulmonary fibrosis 

showedd abnormal T-cell activation on the basis of a decreased CD27 expression on BAL 

fluidd CD4+ T cells, whereas CD25 expression was normal. Patients with systemic sclerosis 

whoo had signs of pulmonary fibrosis, and can therefore be classified as being in the more 

chronicc phase of the disease, showed BAL fluid T-cell activation on the basis of an 

increasedd CD25 expression on BAL fluid CD4+ T cells, whereas CD27 expression was 

normal. . 

Inn the present study, the increase in the CD27 expression on T cells in BAL fluid was 

significantlyy correlated with a decrease in % eosinophilic granulocytes in the blood. This 

maymay be related to a decrease of antigen-specific activation of T cells and a decrease of the 

productionn of chemoattractants or chemokines and cytokines that activate eosinophils. 

Candidatess in this respect are for example IL-4, IL-5, Rantes and eotaxin. Indeed, a decrease 

off IL-5 expression in the airway compartment was shown to result from GCS therapy [35]. 

Lungg allergen-challenge models have shown that local T-cell activation indeed signals the 

bonee marrow to release eosinophil precursors and resulted in increased eosinophils in the 

bloodd [36]. 

Thee changes in the total CD8+ T cells (% of CD3+) in BAL fluid were significantly 

correlatedd with the RCE, decreases of CD8+ cells paralleled decreases of the RCE. This 

correlationn with total CD8+ T cells was much stronger than correlations between changes 

inn subpopulations of T cells, like CD25+ or CD27+, and the RCE. The RCE is considered 
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ass a surrogate parameter of airway inflammation in the airways of patients with asthma, a 

highh RCE indicating an increased leakage of plasma proteins from the blood into the airway 

spacee as a consequence of epithelial cell damage [24,26]. The correlation between 

impairmentt of airway epithelial cell integrity and relatively high CD8+ T-cell numbers may 

reflectt mechanisms in which CD8+ T cells directly damage airway epithelial cells. It may 

bee hypothesized that chronic inflammatory stimuli induce airway epithelial cells to express 

targetss for CD8+ T cells. GCS may inhibit the inflammatory stimuli thereby lowering CD8+ 

targetss and lowering the damage to the epithelial cells. As a consequence the CD8+ T cell 

numberr may become lower. This whole process may involve cytotoxic activity towards 

viruss infected cells [37,38]. However, other explanations invoking the regulation of CD8+ 

andd CD4+ T-cell migration by cytokines and chemokines [39] may explain the correlation 

ass well . Furthermore, our results indicate that an increase of the percentage CD4+ T cells 

inn the lungs parallels a decrease of the permeability of the respiratory membrane. This 

findingg makes it unlikely that CD4 T cells are directly involved in the processes causing 

epitheliall cell damage. 

Inn our study we also have found systemic effects of inhaled GCS as is clear from the 

reductionn of sCD27 in the blood. It is unlikely that this decrease was the result of the less 

antigen-specificc activation of T cells and shedding of CD27 in the airway compartment 

sincee the levels of sCD27 in BAL fluid were not higher than those in the serum. Neither 

weree the levels of sCD27 in the epithelial lining fluid higher than those in the serum. Thus, 

wee conclude that inhaled GCS have systemic effects on the T lymphocytes. Another 

explanationn may be that lung T cells migrate into peripheral lymph nodes after they have 

beenn locally activated, and that they then shed the sCD27 in the systemic compartment. In 

suchh concept, it is not necessary to assume that inhaled GCS exert their effects in the 

systemicc compartment. Interestingly, the decrease of sCD27 in the serum was correlated 

withh the increase of PC20 histamine. 

Inn conclusion, therapy of mild asthmatic patients with inhaled GCS decreased T-cell 

activationn both in BAL fluid and in the systemic compartment. In BAL fluid, the effects of 

FPP were observed on CD27 expression by CD4+ and CD8+ T cells pointing at either a 

decreasee of antigen-specific activation of BAL fluid T cells and/or an influx of cells which 

havee not recently been in contact with antigen. The therapy thus lowers activity of the cells 

thatt are considered orchestrating the airway inflammation in asthma patients. In studies in 

severee asthma, therapy that was specifically targeted at T cells was found to beneficial 

[40,41],, though it could not always be continued because of deleterious side-effects. Future 
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therapiess in allergic asthma may be successful if they modulate antigen specific T-cell 

activitiess to prevent symptoms leaving the immune system intact for its normal funct ion. 

Acknowledgement s s 

Wee thank M. Hanraads-De Riemer (supported by the Netherlands Asthma Foundation, grant 

noo 93.46), M.J. de Nooi jer and A.C. Soede for their excellent technical assistance. 

F.L.. de Pater-Huijsen was supported by the Netherlands Asthma Foundation (grant 

no.. 93.46) and the Stichting Astma Bestrijding. R.E.T. Nocker was supported by a grant from 

GlaxoWel lcome.. Fluticasone propionate and salbutamol were suppl ied by 

GlaxoWel lcome. . 

Reference s s 

1.. Bochner BS, Undem BJ, Lichtenstein LM. 
Immunologicall aspects of allergic asthma. 
Annn Rev Immunol 1994;2:295-335. 

2.. Juniper EF, Kline PA, Vanzieleghem MA, 
Ramsdalee EH, O'Byrne PM, Hargreave FE. 
Effectt of long-term treatment with an 
inhaledd corticosteroid (budesonide) on 
airwayy hyperresponsiveness and clinical 
asthmaa in nonsteroid-dependent 
asthmatics.. Am Rev Respir Dis 1990;142: 
832-836. . 

3.. Djukanovic R, Wilson JW, Britten KM, 
Wilsonn SJ, Walls AF, Roche WR, Howarth 
PH,, Holgate ST. Effect of an inhaled 
corticosteroidd on airway inflammation and 
symptomss in asthma. Am Rev Respir Dis 
1992;145:669-674. . 

4.. Bentley AM, Hamid Q, Robinson DS, 
Schotmann E, Meng Q, Assoufi B, Kay AB, 
Durhamm SR. Prednisolone treatment in 
asthma.. Reduction in the numbers of 
eosinophils,, T cells, tryptase-only positive 
mastt cells, and modulation of IL-4, IL-5, 
andd Interferon-gamma cytokine gene 
expressionn within the bronchial mucosa. 
Amm J Respir Crit Care Med 1996;153:551-
556. . 

5.. Corrigan CJ, Haczku A, Gemou-Engesaeth 
V,, Doi S, Kikuchi Y, Takatsu K, Durham 
SR,, Kay AB. CD4 T-lymphocyte activation 
inn asthma is accompanied by increased 
serumm concentrations of interleukin-5. Am 
Revv Respir Dis 1993;147:540-547. 

6.. Corrigan CJ, Hamid Q, North J, Barkans J, 
Moqbell R, Durham S, Gemou-Engesaeth 
V,, Kay AB. Peripheral blood CD4 but not 
CD88 T-lymphocytes in patients with 
exacerbationn of asthma transcribe and 
translatee messenger RNA encoding 
cytokiness which prolong eosinophils 
survivall in the context of a Th2-type 
pattern:: effect of glucocorticoid therapy. 
Amm J Respir Cell Mol Biol 1995;12:567-
578. . 

7.. Booth H, Richmond I, Ward C, Gardiner 
PV,, Harkawat R, Walters EH. Effect of 
highh dose inhaled fluticasone propionate 
onn airway inflammation in asthma. Am J 
Respirr Crit Care Med 1995;152:45-52. 

8.. Olivieri D, Chetta A, Del Donno M, 
Bertorellii G, Casalini A, Pesci A, Testi R, 
Foresii A. Effect of short-term treatment 
withh low-dose inhaled fluticasone 
propionatee on airway inflammation and 

107 7 



ChapterChapter 7 

remodelingg in mild asthma: a placebo-
controlledd study. Am J Respir Crit Care 
Medd 1997;155:1864-1871. 

9.. Wilson JW, Djukanovic R, Howarth PH, 
Holgatee ST. Inhaled beclomethasone 
dipropionatee downregulates airway 
lymphocytee activation in atopic asthma. 
Amm J Respir Crit Care Med 1994; 149:86-
90. . 

10.. Laitinen LA, Laitinen A. Modulation of 
bronchiall inflammation: corticosteroids 
andd other therapeutic agents. Am J Respir 
Critt Care Med 1994;150:S87-S90. 

11.. Paul JL, Leonard CT, Burke CM, Tormey 
V|,, Poulter LW. Fluticasone propionate 
inducedd alterations to lung function and 
thee immunopathology of asthma over 
time.. Thorax 1998;53:753-761. 

12.. Wall in A, Sandström T, Söderberg M, 
Howarthh P, Lundback B, Della-CioppaG, 
Wilsonn S, Judd M, Djukanovic R, Holgate 
S,, Lindberg A, Larssen L, with the 
technicall assistance of Judd M, Melander 
B.. The effects of regular inhaled 
formoterol,, budesonide, and placebo on 
mucosall inflammation and clinical indices 
inn mild asthma. Am J Respir Crit Care Med 
1999;159:79-86. . 

13.. Uchiyama T, Broder S, Waldmann TA. A 
monoclonall antibody (anti-Tac) reactive 
withh activated and functionally mature 
humann T cells. I. Production of anti-Tac 
monoclonall antibody and distribution of 
Tacc ( + ) cells, j Immunol 1981;126:1393-
1397. . 

14.. Corrigan CJ, Kay AB. CD4 T lymphocyte 
activationn in acute severe asthma. 
Relationshipp to disease severity and atopic 
status.. Am Rev Respir Dis 1990; 141:970-
977. . 

15.. Hintzen RQ, De Jong R, Hack CE, 
Chamuleauu M, De Vries EFR, Ten Berge 
RJM,, Borst J, Van Lier RAW. A soluble 
formm of the T-cell differentiation antigen 
CD277 is released after triggering of the T-
celll receptor/CD3 complex. J Immunol 
1991;147:29-35. . 

16.. De Jong R, Brouwer M, Hooibrink B, Van 
derr Pouw-Kraan T, Miedema F, Van Lier 
RAW.. The CD27" subset of peripheral 
bloodd memory CD4+ lymphocytes 
containss functionally differentiated T 
lymphocytess that develop by persistent 
antigenicc stimulation in vivo. Eur J 
Immunoll 1992;22:993-999. 

17.. Lens SMA, Tesselaar K, Van Oers MHJ, 
Vann Lier RAW. Control of lymphocyte 
functionn through CD27-CD70 inter-
actions.. Semin Immunol 1998;10: 491-
499. . 

18.. Nocker RET, Weller FR, Out TA, De 
Riemerr MJ, Jansen HM, Van der Zee JS. A 
double-blindd study on the effect of inhaled 
corticosteroidss on plasma protein 
exudationn in asthma. Am J Respir Crit 
Caree Med 1999;159:1499-1505. 

19.. Nocker RET, Out TA, Weller FR, De 
Riemerr MJ, Jansen HM, Van der Zee JS. 
Inducedd sputum and bronchoalveolar 
lavagee as tools for evaluating the effects of 
inhaledd corticosteroids in patients with 
asthma.. J Lab Clin Med 2000;136:39-49. 

20.. Anonymous. American Thoracic Society. 
Medicall section of the American Lung 
Association.. Standards for the diagnosis 
andd care of patients with chronic 
obstructivee pulmonary disease (COPD) 
andd asthma. Am Rev Respir Dis 1987; 137: 
225-244. . 

21.. Working group of the NHLBI/WHO. 
Globall initiative for Asthma. Geneva, 
Switzerland;; 1995. Publication no. 95-
3659. . 

22.. Quanjer PH, Tammeling GJ, Cotes JE, 
Pedersenn PF, Peslin R, and Yernault J. 
Lungg volumes and forced ventilatory 
flows.. Eur Respir J 1993;6:5-40. 

23.. Brand PLP, Kerstjens HAM, Postma DS, 
Sterkk PJ, Quanjer PH, Sluiter HJ, Dijkman 
JH,, Van Herwaarden CLA, Hilvering C, 
Jansenn HM, KoéterGH, KreuknietJ, and 
Dutchh CNSLD Study Group. Long term 
multicentree trial in chronic non-specific 
lungg disease. Eur Respir J 1992;5:21-31. 

108 8 



InhaledInhaled steroids and T<ells 

24.. Van de Graaf E A, Out TA, Roos CM, 
Jansenn HM. Respiratory membrane 
permeabilityy and bronchial hyperreactivity 
inn patients with stable asthma; effects of 
therapyy with inhaled steroids. Am Rev 
Respirr Dis 1991;143:362-368. 

25.. Hol BEA, Hintzen RQ, Van Lier RAW, 
Albertss C, Out TA, Jansen HM. Soluble 
andd cellular markers of T-cell activation in 
patientss with pulmonary sarcoidosis. Am 
Revv Respir Dis 1993;148:643-649. 

26.. Van de Graaf EA, Jansen HM, Weber JA, 
Kooienn MGJ, Out TA . Influx of urea 
duringg bronchoalveolar lavage depends 
onn the permeability of the respiratory 
membrane.. Clin Chim Acta 1991;196:27-
40. . 

27.. Motulsky H. Analyzing data with 
Graphpadd Prism. San Diego, CA: 
Graphpadd software Inc. 1999. 

28.. Schwiebert LM, Beck LA, Stellato C, 
Bickell CA, Bochner BS, Schleimer RP, 
Schwiebertt LA. Glucocorticosteroid 
inhibitionn of cytokine production: 
relevancee to antiallergic actions. J Allergy 
Clinn Immunol 1996;97:143-152. 

29.. Yewdell JW, Norbury CC, Bennink JR. 
Mechanismss of exogenous antigen 
presentationn by MHC Class I molecules in 
vitrovitro and in vivo: implications for 
generationn of CD8+ T cell responses to 
infectiouss agents, tumors, transplants and 
vaccines.. In: Advances in Immunology 
1999;73:1-77. . 

30.. Wahlström J, Dahlen B, Ihre E, Wigzell H, 
Grunewaldd J, Eklund A. Selective CD8+ T 
cellss accumulate in the lungs of patients 
withh allergic asthma after allergen 
bronchoprovocation.. Clin Exp Immunol 
1998;112:1-9. . 

31.. Hamann D, Roos MT, van Lier RA. Faces 
andd phases of human CD8 T-cell 
development.. Immunol Today 1999;20: 
177-180. . 

32.. Out TA, De Pater-Huijsen FL, Jansen HM, 
Corrigann CJ. In: Hansel TT and Barnes PJ, 
eds.. Prog Respir Dis Vol 31. New drugs 

forr asthma, allergy and COPD. Basel: 
Karger;2001,p233-236. . 

33.. Trigg CJ, Manolitsas ND, Wang J, 
Calderonn MA, McAulay A, Jordan SE, 
Herdmann MJ, Jhalli N, Duddle JM, 
Hamiltonn SA, Devalia JL, Davies RJ. 
Placebo-controlledd immunopathologic 
studyy of four months of inhaled 
corticosteroidss in asthma. Am J Respir Crit 
Caree Med 1994;150:17-22. 

34.. Bresser P, Jansen HM, Weller FR, Lutter R, 
Outt TA. T-cell activation in the lungs of 
patientss with systemic sclerosis and its 
relationn with pulmonary fibrosis. Chest 
2001;120:66S-68S. . 

35.. Kelly EAB, Busse W W , Jarjour NN. 
Inhaledd budesonide decreases airway 
inflammatoryy response to allergen. Am J 
Respirr Crit Care Med 2000;162:883-890. 

36.. Denburg JA, Sehmi R, Saito H, Pil-Seob J, 
Inmann MD, O'Byme PM. Systemic aspects 
off allergic disease: bone marrow 
responses.. J Allergy Clin Immunol 
2000;106:S242-S246. . 

37.. Gern JE, Busse WW. The role of viral 
infectionss in the natural history of asthma. 
JJ Allergy Clin Immunol 2000;106:201-
212. . 

38.. Kemeny DM. CD8+ T cells in atopic 
disease.. Curr Opin Immunol 1998;10: 
628-633. . 

39.. Busse WW, Lemanske RF. Advances in 
Immunology:: Asthma. New Engl J Med 
2001;; 344:350-362. 

40.. Lock SH, Kay AB, Barnes NC. Double-
blind,, placebo-controlled study of 
cyclosporinn A as a corticosteroid-sparing 
agentt in corticosteroid-dependent asthma. 
Amm J Respir Crit Care Med 1996;53:509-
514. . 

41 .. Kon O M , Sihra BS, Compton CH, Leonard 
TB,, Kay AB, Barnes NC. Randomised, 
dose-ranging,, placebo-controlled study of 
chimericc antibody to CD4 (keliximab) in 
chronicc severe asthma. Lancet 1998; 
352(9134):!! 109-1113. 

109 9 



--


