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ChapterChapter 1 

Introductio n n 

AsthmaAsthma  - definition  and clinical  manifestations 

Inn 1987 the American Thoracic Society defined asthma on the basis of clinical 

manifestationss as a disease characterized by episodic, variable airflow obstruction and 

increasedd responsiveness of the airways to a variety of specific and non-specific stimuli [1]. 

Moree recently, new components were added to this definition, and asthma was described 

ass a chronic inflammatory disorder of the airways [2]. In the Global Initiative for Asthma a 

proposall was formulated to define asthma severity in a range from Grade I (episodic) to 

Gradee IV (severe) [3]. 

Allergyy to inhalant allergens appears to trigger asthmatic airway inflammation, but 

inn some asthmatic subjects no allergy can be demonstrated. Therefore, asthma was divided 

intoo an atopic (extrinsic) and a non-atopic (intrinsic) variant. This thesis is mainly about 

atopicc asthma. 

StudyingStudying  inflammation  in  asthma 

Ongoingg (sub)mucosal inflammation is found in patients with asthma, even in the mildest 

formss of the disease. This inflammation is characterized by an infiltration and activation of 

cells,, an increased leakage of plasma-proteins from the blood into the airway lumen, an 

abnormall local production and secretion of proteins, and airway-epithelial cell damage. 

Studyy of these inflammatory processes in the airways of asthmatic patients is possible via 

endobronchiall biopsies, bronchoalveolar lavage (BAL) fluid, sputum, and postmortem 

analysiss of airway tissue. 

HistopathologicalHistopathological  findings  in  asthma 

Thee airway epithelium of patients with asthma showed metaplasia and hyperplasia of 

Goblett cells [4,5], and thickening of the basement membrane due to deposition of collagen 

typess II, III and V and fibronectin with, as a result, airway remodeling [6-8]. Shedding and 

damagee of the epithelium was observed as well. The suggestion has been raised that this 

wass the result of the sampling technique, but it probably reflected the fragility of the 

epitheliumm in asthma patients. Signs of increased metabolic activity [9-11] and increased 

expressionn of intercellular adhesion molecule-1 [12,1 3] were found in epithelial cells from 

asthmaa patients. Furthermore, increased numbers of inflammatory cells have been reported 

withinn the epithelium and below the basement membrane [14]. This cellular infiltrate 

consistedd of mast cells, eosinophils, neutrophils and T lymphocytes, many of which showed 
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GeneralGeneral introduction 

signss of activation [5,7,8,15-19]. Eosinophils are considered the most characteristic 

inflammatoryy cell in asthma. Numbers of activated T lymphocytes correlated with the total 

numberr of (activated) eosinophils in biopsies [15-1 7,20]. 

BALBAL  fluid  findings  in  asthma 

Itt has been questioned whether BAL fluid accurately represents events in the airways. 

However,, BAL fluid studies yielded similar results as biopsy studies, studying subjects with 

asthma,, sarcoidosis, hypersensitivity pneumonitis, idiopathic pulmonary fibrosis or healthy 

subjectss [21-24]. 

Increasedd numbers of epithelial cells were found in BAL fluid from asthma patients 

[7,25].. Airway epithelium of asthmatics appeared to be activated as concluded from 

increasedd mucus production [18,26] and high levels of lactoferrin and secretory IgA [27,28], 

Increasedd BAL fluid/serum ratios of plasma proteins indicated that in asthma the epithelium 

off patients showed increased permeability which was related to bronchial hyperreactivity 

[29]. . 

Elevatedd levels of the mast cell products histamine, tryptase and prostaglandins were 

detectedd in the BAL fluid of asthma patients pointing at increased mast cell degranulation 

[30-32].. Increased histamine levels were associated with increased bronchial 

hyperresponsivenesss [30,31]. 

Increasedd numbers of eosinophils were found in asthma patients as compared to 

healthyy subjects. Intensity of eosinophilia and severity of asthma were correlated 

[19,25,33,34].. Eosinophils in the airways were activated as concluded from the detection 

off hypodense eosinophils [35] and increased levels of eosinophilic proteins in the BAL fluid 

off patients [19,25,33,36]. 

TT cells in the BAL fluid from asthma patients showed signs of activation [34,37-40]. 

Activationn of T cells was correlated with eosinophilia and disease severity [34,39]. These 

TT cells produced cytokines like IL-2, lL-4, IL-5, IL-13 and IFN-y [40,41], that may play a 

pivotall role in airway inflammation [42]. 

AllergicAllergic  asthmatic  reactions 

Inn patients with allergic asthma an IgE-mediated allergy to inhalant allergens can be 

demonstrated.. Mast cells play a major role in immediate allergic responses. They can bind 

allergen-specificc IgE to their FceRI, the high affinity receptor for IgE. Crosslinking of these 

receptorss by allergen binding will lead to subsequent release of stored products [43] such 

ass histamine, proteolytic enzymes, proteoglycans, and cytokines, so inducing acute airway 
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ChapterChapter 1 

obstructionn and inflammatory reactions. In asthmatic patients these reactions are 

characterizedd clinically by a drop in the forced expiratory volume in 1 second (FEV,) within 

300 minutes after allergen inhalation. The immediate response is often followed by a second 

dropp in FEV,, the so called late phase response, that starts 3-4 hours after allergen exposure 

andd reaches maximal intensity by 4-8 hours [44]. This late phase response is 

immunologicallyy characterized by the infiltration of activated T lymphocytes, activated 

eosinophils,, basophils and neutrophils, shown by studies on BAL fluid and bronchial 

biopsiess [45-50]. The exact mechanism of induction of the late phase response remains to 

bee elucidated. 

RoleRole  of  T lymphocytes  in  asthma 

Humann CD4+ T cells can differentiate into specialized cells with respect to cytokine 

productionn [51]. A diversity in cytokine production profiles has been found for individual 

TT cells, forming a continuous spectrum. T helper 1 (Thl) cells produce high amounts of 

IFN-y,, but no IL-4 and IL-5. Th2 cells produce high amounts of IL-4 and IL-5, but no IFN-y. 

Cellss producing intermediate levels of the mentioned cytokines are called ThO cells. 

Inn allergic asthma, T cells are involved in the regulation of the local inflammation 

inn the lungs. T cells in the BAL fluid from patients with asthma showed signs of activation; 

thee expression of IL-2R, HLA-DR and very late antigen-1 was found to be increased [40], 

Thee activation of T cells correlated with disease severity [39]. Allergen-specific CD4+ T 

cells,, cultured from the peripheral blood of subjects with allergic asthma, had 

predominantlyy a T helper 2 phenotype, producing the cytokines IL-4 and IL-5 after in vitro 

stimulationn [39,52]. In concentrated BAL fluid from allergic asthmatic subjects raised 

amountss of IL-4 and IL-5 were found, compared to healthy controls [40], In the same study 

BALL fluid derived lymphocytes produced significantly more IL-4 whereas when compared 

too healthy controls IFN-y production was not raised. 

Thee Th2-cytokines IL-4, IL-5 and IL-13 may play a pivotal role in the 

pathophysiologyy of allergic asthma. IL-4 and IL-13 induce the switch to IgE production by 

BB cells [53,54], Furthermore, IL-4 activates endothelial cells and induces the expression of 

thee vascular adhesion molecule-1, thereby facilitating the adhesion and influx of very late 

antigen-44 positive leukocytes, such as eosinophils and lymphocytes [55]. IL-5 promotes 

chemoattraction,, differentiation and survival of eosinophils [56]. IL-5 mRNA and protein 

inn biopsies of asthma patients were mainly found in T lymphocytes and correlated both 

withh the number of activated T lymphocytes and eosinophils [57,58]. In patients with 

symptomaticc asthma the numbers of cells in BAL fluid and biopsies expressing IL-4 or IL-5 
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mRNAA were correlated with disease severity [59,60]. However, in patients with mild 

asthmaa or at early time points after allergen challenge, locally, predominance of Th2-cells 

couldd not be demonstrated. For example, no qualitative differences were found in the 

expressionn of cytokine mRNA when BAL fluid cells from mild asthmatic subjects were 

comparedd to healthy non-atopic controls [61]. Furthermore, T cell clones derived from BAL 

fluidd 6 hours after allergen challenge of mild asthmatic subjects exhibited ThO-, Th1- and 

Th2-likee cytokine profiles, with no dominance of either of the groups [62]. Krug et a/. [63] 

observedd in freshly isolated and stimulated BAL cells from asthmatic subjects a greatly 

increasedd percentage of IFN-y producing cells as compared to atopic and non-atopic 

controls.. The proportion of BAL cells producing IL-4 was small (range 0-7.8% in the 

asthmaticc group). So, this study points at a more Th1 type of response in asthma. 

Summarizing,, there is most probably not a fixed Th2 response in the asthmatic airways but 

locall influences can direct Th1/Th2 responses. The shift to Th2 might correlate with disease 

severityy . 

CD8*CD8* T lymphocytes  in  asthma 

CD88 + T lymphocytes have long been considered to exert suppressive regulatory functions 

inn allergic asthma. Several studies in mice and rats indicated a role for CD8+ T cells in the 

inin vivo regulation of IgE production [64]. CD8+ T cells were able to inhibit IgE production 

byy the production of substantial amounts of IFN-y. In humans, it was reported that asthmatic 

subjectss with markedly increased CD8+ T cell numbers were less likely to develop a late 

phasee asthmatic reaction [65,66]. In atopic patients an increased capacity of CD8+ T cells 

too produce IFN-y was detected [67]. These data may point at a suppressive role for this type 

off cell. 

Moree recently, it has become clear that under influence of IL-4, CD8+ T cells, like 

CD4++ T cells, can develop into Th2 type cells, producing IL-4 and IL-5 [68,69]. CD8+ T 

cellss expressing mRNA and protein for IL-4 and IL-5 were found in bronchial biopsies of 

asthmaticc subjects [70] and CD8+ T cells from the peripheral blood of asthmatics released 

IL-44 [71]. It is unknown whether CD8+ T cells significantly contribute to the allergic 

inflammatoryy reaction in the airways of asthma patients. 

AA still on-going discussion is whether or not CD8+ T cells are able to respond to 

allergen.. Though it is believed that CD8+ T cells preferentially interact with peptides 

derivedd from intracellular antigens, in several model systems CD8+ T cells interacted with 

antigenicc fragments from soluble antigens as well [72]. A recent study in a rat model, 

showedd that antigen-primed CD8+ cells downregulated the late airway response [73]. 
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RegulationRegulation  of  T lymphocyte  functions 

Howw T-cell reactions are regulated in vivo is still subject of ongoing studies. The type of 

antigenn presenting cell (APC) and the type of stimulus may be important factors in dictating 

thee phenotype of the T cells present. In vitro, the ratio between the release of IL-12 and 

PGE22 from APCs determined the cytokine profile of the T cells [74]. The IL-12/PGE2 ratio 

off APCs is, on its turn, highly influenced by series of autocrine and paracrine factors. The 

latterr include factors produced by local accessory cells. Alveolar macrophages, mast cells 

andd epithelial cells may be important local cells involved in the regulation of the activity 

off T cells in the airways. 

Studyy of alveolar macrophages revealed that in asthma patients a considerable part 

off alveolar macrophages belongs to the type that may activate T cells, whereas in healthy 

subjectss most of the alveolar macrophages belong to the type that suppresses T cell 

functionss [75,76]. Thus, activation of macrophages by allergen may result in activation of 

TT cells resulting in increased cytokine production in asthma patients. 

Thee ability of sensitized mast cells to release cytokines and other products early 

uponn allergen stimulation makes them important candidates for local immunoregulation as 

well. . 

RoleRole  of  mast  cells  in  T cell  regulation 

Itt has become more and more clear that mast cells are able to produce a wide range of 

mediatorss [77], Those mediators can be divided into two groups: the preformed and the 

newlyy generated mediators. The preformed mediators are stored in secretory granules and 

cann be released immediately after mast cell activation. To this group belong histamine, 

proteolyticc enzymes (like tryptase and chymase), proteoglycans (like heparin), and 

cytokines.. The presence of preformed cytokines, is still being explored. There is evidence 

forr the production of TNF-a, IL-3, IL-4, IL-5, IL-6, IL-8, IL-13, IL-16 and GM-CSF. How fast 

thesee products are being released is still under investigation. Activation of mast cells also 

inducess the formation of newly generated mediators which comprise lipids (prostaglandins 

andd leukotrienes), and cytokines. Synthesis and secretion of all these mediators are 

upregulatedd after FceRI activation. 

Thee release of those products in the microenvironment of the airways affects other 

cellss and this may regulate allergic inflammation. Until now the immunoregulatory capacity 

off human mast cells has not been extensively studied. Because human mast cells express 

mRNAA for IL-4 [78], and release of IL-4 protein was detected [79], they were thought to 

favourr conversion of T cells to the Th2 phenotype [80]. However, human lung mast cells 
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didd not induce the class switch to IgE in B-lymphocytes in the absence of exogenous IL-4 

[81].. Another study reported mast cells' capacity to degrade IL-4 protein [82]. Thus, the in 

vivovivo relevance of IL-4 production by mast cells needs further investigation. 

Anotherr mast cell product that is relevant for the allergic reaction is histamine. 

Histaminee was found to cause the release of preformed IL-16 (formerly Lymphocyte 

Chemoattractantt Factor) by CD8+ T lymphocytes. IL-16 will be described in more detail 

below. . 

CellCell  surface  molecules  on T-lymphocytes 

T-lymphocytess are equipped with cell surface molecules that allow interaction of the cells 

withh the environment. Among them are antigen receptors, receptors for growth factors (e.g. 

CD255 and IL-16 ligand CD4), receptors involved in costimulation (e.g. CD27 and CD28) 

andd cell adhesion receptors/homing receptors (CD103). CD25, CD27, CD28, and CD103 

willl be discussed in this paragraph. 

CD255 is the a-chain of the IL-2 receptor. IL-2 is a growth factor for T-cells. T-cells 

withh increased expression of CD25 were found in bronchial biopsies and BAL fluid of 

patientss with allergic and non-allergic asthma [16,34,37]. 

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 [83]. 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 [84]. 

Afterr repeated antigenic stimulation of the TCR/CD3 complex the CD27 molecule is shed 

[85].. Thus CD27+ T cells and CD27' T cells are considered to be naive T cells and memory-

typee T cells activated by antigen, respectively. In a house dust mite-reactive donor the 

allergen-reactivee T cells in the blood were exclusively found within the CD27- population 

[86].. Shed CD27 can be detected in serum. 

CD288 is a major costimulatory signal receptor for T cells. The CD28/B7 

costimulatoryy pathway enhances secretion of cytokines [87], whereas CTLA-4 may 

downregulatee T cell activity [88]. CD8+ T cells can be functionally divided as naive, 

memoryy and memory-effector cells on the basis of the surface marker phenotypes 

CD45RA"CD27XD288 + , CD45RO+CD27+CD28+ and CD45RA+CD27CD28", respectively 

[89].. Cytolytic function of CD8* cells has been linked to cells with a CD28 phenotype [90]. 

CD1033 is a membrane surface molecule that is predominantly expressed on mucosal 

leukocytess [91]. It specifically binds to E-cadherin expressed on the basolateral surface of 

epitheliall cells [92]. Furthermore, it is described as an activation antigen which can in vitro 
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bee upregulated by mitogens, phorbolesters, antigens and IL-2 [93,94]. The percentage T 

cellss that express CD103 is larger in BAL fluid than in blood [95]. 

IL-IL-76 76 

Ass stated before, patients with asthma have a chronic airway inflammation which is 

characterisedd by the presence of increased numbers of activated inflammatory cells in the 

airwayy mucosa. Activated mast cells, eosinophilic granulocytes and T lymphocytes are most 

prominent.. It is important to know the factors that attract these cells into the airways and 

thatt may activate them. Interleukin (ID-16 was found to be one of the chemoattractants for 

lymphocytes,, monocytes and eosinophils. Other chemokines able to attract lymphocytes, 

monocytes,, and/or eosinophils are eotaxin, MCP-1, MCP-3, MCP-4, MDC/TARC, I-309, IL-

2,, IL-8, RANTES, MIP1a and MIP1B [42,96,97]. It is still not clear whether all of these 

chemokiness contribute in a major way to in vivo chemotaxis. For the lymphocytes, IL-1 6 

andd M lP la represented the major chemoattractant activity in BAL fluid at 6 h after allergen 

challengee of asthmatic subjects [97]. 

IL-166 was first described in 1982 when it was named Lymphocyte Chemoattractant 

Factorr [98]. Recombinant IL-16 produced in E. coli forms homotetramers composed of 14-

11 7 kDa chains. The tetrameric structure appeared to be an absolute requirement for IL-16 

bioactivityy [99]. In 1997 the occurrence of two forms of pro-IL-16 (80 kDa and 60 kDa) was 

reportedd [100]. These could serve as functional precursors. Pro-IL-16 was subject to 

proteolyticc processing when incubated with cell lysates from CD8+ cells [101]. The ligand 

forr IL-16 is the CD4 molecule. IL-16 functions as a chemoattractant for CD4+ T-

lymphocytes,, monocytes and eosinophils [102]. In addition, it may further activate cells, 

inducee cell adhesion and protect cells against antigen-induced apoptosis [102-104]. Another 

functionn which was raised recently, is that IL-16 might prevent antigen-specific T-cell 

activationn [104]. 

Thee first identified source of IL-16 was the CD8+ T lymphocyte. In this cell IL-16 was 

constitutivelyy synthesized and CD8+ T cells contained stored bioactive protein. IL-16 is 

releasedd from these cells in response to histamine [105]. Since mast cells are the most 

importantt source of histamine, IL-16 may play an important role in the sequence of events 

leadingg from activation of airway-tissue mast cells to infiltration of inflammatory leukocytes 

intoo the airways, characteristic for allergic asthma. CD4+ T lymphocytes contained 

constitutivee IL-16 mRNA and the 80 kDa precursor but no preformed bioactive protein 

[106,107].. In addition to its presence in T lymphocytes, IL-16 protein has been detected in 

eosinophilss [108], human lung mast cells [109] and in airway epithelial cells of asthmatic 
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subjectss [110]. Release from airway epithelial cells occurred following stimulation with 

histamine.. Airway epithelial cells from normal subjects did not contain T-cell chemotactic 

activityy [111]. Thus, the sources of IL-16 in vivo may be T lymphocytes, bronchial epithelial 

cells,, mast cells and eosinophils. 

Bioactivee IL-16 was found in BAL fluid of asthmatic subjects 6 h after allergen and 

histaminee challenge [97,112]. No IL-16 bioactivity was found in BAL fluid from challenged 

normall subjects or from atopic non-asthmatic subjects. 

Inn summary, IL-16 is a chemoattractant factor that may play an important role in regulating 

thee inflammation in allergic asthma. CD8+ T cells might be an important source of this 

mediator. . 

TherapeuticTherapeutic  intervention  in  asthma 

Patientss with asthma are frequently treated with the inhalation of (32-agonists and/or 

glucocorticosteroids.. Corticosteroids are effective in controlling asthma symptoms, reducing 

airwayy obstruction and bronchial hyperresponsiveness [113]. Their effects are attributed to 

theirr anti-inflammatory action [114]. Corticosteroids interact with a specific intracellular 

cytoplasmicc receptor that modulates transcription of genes under the control of a 

corticosteroidd responsive element [115]. Furthermore, corticosteroids affect the function of 

transcriptionn factors either directly or by the induction of inhibitory factors as I-KB 

[116,117].. Oral corticosteroids were reported to affect activation and expression of cytokine 

mRNAA by CD4+ T lymphocytes. Both in bronchial biopsies [118] and in BAL fluid [119] of 

asthmaticc subjects a decrease of IL-4 and IL-5 and an increase of IFN mRNA positive cells 

weree detected after oral corticosteroid treatment. In peripheral blood of asthmatic subjects 

treatmentt with oral corticosteroids resulted in a decrease of IL-3, IL-5 and GM-CSF mRNA 

positivee cells [120]. High dose inhaled fluticasone resulted in a reduction of the proportion 

off lymphocytes in BAL fluid and a reduction of lymphocyte activation as measured by HLA-

DRR [121], but low dose fluticasone did not affect total numbers and BAL cell differentials 

[122].. Inhaled beclomethasone dipropionate (dose varying from intermediate to low) did 

nott alter BAL cell differentials but did reduce T-cell activation as measured by CD25 and 

HLA-DRR [123]. In bronchial biopsies a reduction of CD3 + , CD45RO\ CD4+, CD8+, and 

CD25++ cells was found in the lamina propria of patients who were treated with inhaled 

corticosteroidss [114,121,124-126]. 

Untill now the available literature described the effects of glucocorticosteroids on 

totall lymphocyte subpopulations, and markers for T cell activation which do not 

discriminatee between polyclonal and antigen specific activation. 
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SegmentalSegmental  allergen  challenge  in  allergic  subjects 

Locall deposition of allergen in sensitized subjects has been used as an experimental model 

too study pathophysiologic responses and development of inflammatory reactions in the 

airways.. Segmental challenge technique allows the evaluation of inflammatory reactions 

inn BAL fluid at several time points early after challenge. The late phase asthmatic response 

(LAR)) is also considered a model for the chronic inflammation in asthma. 

Itt can be hypothesized that T lymphocytes play a role in the onset of the LAR. Then 

onee would expect to see changes in their numbers and/or activation state before and at the 

earlyy onset of the LAR. Indeed, a fall has been shown in the proportion of CD3 + 

lymphoyctess in the BAL fluid of patients with allergic asthma within 10 min after allergen 

exposuree [127]. Furthermore, increased CD3+ lymphocytes counts were detected in the 

mucosaa at 6 h after allergen exposure [128] and also an increased HLA-DR expression by 

TT lymphocytes in the BAL fluid, suggestive for activation of the cells [129]. At 12 to 48 h 

afterr allergen challenge, T lymphocytes were clearly increased and they had acquired an 

activatedd state as concluded from increased percentages of CD25+ T cells and FAS-L 

positivee cells [39,130-134], and from increased percentages of T cells expressing cytokine 

mRNAA and protein [70,135,136]. Also soluble products from T cells are present in 

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

[132,135,137].. As stated before, bioactive IL-16 was found in BAL fluid of asthmatic 

subjectss already at 6 h after allergen and histamine challenge [97,112]. 

Evidencee is still growing that activated T cells play an important role in the 

regulationn of both the late asthmatic response and the chronic inflammation in allergic 

asthma.. Effects of allergen challenge on antigen-specific and mucosal cells have not been 

studied. . 

AimsAims  and outline  of  this  thesis 

Fromm the literature it can be concluded thatT lymphocytes play a key role in the regulation 

off the chronic inflammation in the airways of asthma patients. The T cells in the airways 

showw signs of activation and produce a variety of cytokines and other mediators which can 

inducee inflammatory responses. Many studies describe the importance of CD4+ T cells in 

thiss respect. We extended former studies by our group [62,138,139-141] by studying CD4+ 

TT cells in more detail, and by analyzing several characteristics of CD8+ T cells, thereby 

focussingg on T cells from the airway compartment. We addressed the following main 

themes: : 

1)) characteristics of local T cells in vitro by assessing clonal cytokine production; 
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2)) modulation of local T cells in vitro by studying effects of mast cells and products of mast 

cellss on local T cells; 

3)) modulation of local T cells in vivo: 

a.. effects of glucocorticosteroid therapy on T cell activation and inflammation; 

b.. effects of segmental allergen challenge of the airways on T cell activation and release 

off IL-16. 

Chapterr 2 is a review about the role of T lymphocytes and mast cells in asthma. The 

revieww describes a possible link between the early mast-cell activation and CD4+ and CD8+ 

TT lymphocyte stimulation. 

Too study possible effects of mast cells on T lymphocytes we exposed T lymphocyte-

liness and -clones to (products from) Human Mast Cell Line-1 mast cells. We studied T-

lymphocytee proliferation and the production of the cytokines IFN-y, IL-4 and IL-5. 

Preliminaryy results are described in chapter 3, while a more detailed study is described in 

chapterr 4. 

Chapterr 5 is about IL-16. IL-16 release was studied in the bronchoalveolar lavage 

fluidd of allergic asthmatic and control subjects before and after in vivo challenge of the 

airwayss with allergen. Additionally, IL-16 release by local CD4+ and CD8+ T lymphocytes 

wass studied more extensively in vitro. 

Inn chapter 6 we discuss the possible role of CD8+ T cell modulation for the therapy 

off asthma and COPD. 

Glucocorticoidss are effective in the treatment of asthma. In chapter 7 we describe 

thee effects of fluticasone propionate on CD4+ and CD8+ T lymphocyte activation in 

bronchoalveolarr lavage fluid and peripheral blood of allergic asthmatic subjects who 

completedd a double blind randomized trial. As activation markers, cell surface membrane 

moleculess were studied. 

Inn chapter 8 a newly developed immunocytochemical technique is described which 

allowss detection of intracellular cytokines in bronchoalveolar lavage fluid and peripheral 

bloodd CD4+ and CD8+ T lymphocytes, without the need of prior in vitro stimulation. 

Inn chapter 9 are the effects of segmental allergen challenge of the airways of allergic 

asthmaticss and controls on CD4+ and CD8+ T lymphocyte activation. Described are the 

effectss on the expression in CD4+ and CD8+ T cells of cell surface membrane molecules 

andd intracellular cytokines. We measured the expression of the activation marker CD27, 

thee activation of mucosal T cells by analysing CD103 expression (together with CD27) and 

thee expression of intracellular cytokine proteins in bronchoalveolar lavage fluid T cells. 

Chapterr 10 contains a summary of the results in english and dutch. 
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Abstrac t t 

Inn IgE allergic diseases both mast cells and T lymphocytes play an important role. Whereas 

mastt cells have been implicated in immediate allergic responses, T lymphocytes mediate 

subsequentt late phase responses and chronic inflammation. Here we review possible links 

betweenn the early mast cell activation and the later T lymphocyte stimulation. Products 

fromm mast cells were found to exert effects on T lymphocytes. Human Mast Cell line-! 

(HMC-1)) mast cells modulated proliferation and cytokine production of a human CD8+ T-

celll clone in vitro. Activated mast cells seemed to drive this CD8" T-cell clone towards a 

moree pronounced T (helper) 1 type of response, simultaneously decreasing T-cell numbers. 

Itt is hypothesized that this might be a negative feed back mechanism operating in allergic 

subjects,, by which the Th2-driven IgE production and eosinophilia are counteracted. 

Introductio n n 

Inn patients with allergic asthma, mast cells play a major role in immediate allergic 

responses.. Mast cells can bind allergen-specific IgE to their FceRI, the high affinity receptor 

forr IgE. Crosslinking of those receptors by allergen binding will lead to subsequent release 

off stored mediators [1] such as histamine, proteolytic enzymes, proteoglycans, and 

cytokines,, so inducing acute inflammatory reactions. In asthmatic patients these reactions 

aree characterized clinically by a drop in the forced expiratory volume in 1 second (FEV,) 

withinn 30 minutes after allergen exposition. The immediate response is often followed by 

aa second drop in FEV,, the late phase response, that starts 3-4 hours after allergen exposure 

andd reaches maximal intensity by 4-8 hours [2]. This late phase response is 

immunologicallyy characterized by the infiltration of activated T lymphocytes, activated 

eosinophils,, basophils and neutrophils, shown by studies on bronchoalveolar lavage fluid 

(BALF)) and bronchial biopsies [3]. The exact mechanism of induction of the late phase 

responsee remains to be elucidated. 

RoleRole  of  T lymphocytes  in  asthma 

Inn allergic asthma, T-cells are believed to be involved in regulation of the local 

inflammationn in the lungs. T-cells in the BALF from patients with asthma show signs of 

activation;; expression of interleukin (IL)-2R, HLA-DR and very late antigen-1 was found to 

bee increased [4], Activation of T-cells correlated with disease severity [5]. Allergen-specific 
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CD4++ T-cells, cultured from the peripheral blood of subjects with allergic asthma, were 

generallyy found to have a T helper 2 phenotype [6,7]. In concentrated BALF from allergic 

asthmaticc subjects raised amounts of IL-4 and IL-5 were found, compared to healthy 

controlss [4]. In the same study enriched BALF derived lymphocytes produced significantly 

moree IL-4 whereas interferon (IFN)-y was not raised when compared to healthy controls. 

Thee Th2-cytokines IL-4, IL-5 and IL-13 may play a pivotal role in the pathophysiology of 

allergicc asthma. IL-4 and IL-13 induce the switch to IgE production by B cells [8,9]. 

Furthermore,, IL-4 activates endothelial cells and induces the expression of the vascular 

adhesionn molecule-1, thereby facilitating the adhesion and influx of very late antigen-4 

positivee leukocytes, such as eosinophils and lymphocytes [10]. IL-5 promotes 

chemoattraction,, differentiation and survival of eosinophils [11]. However, in case of mild 

asthmaa or at early time points after allergen challenge predominance of Th2-cells could not 

bee demonstrated. For example, no qualitative differences were found in the expression of 

cytokinee mRNA when BALF cells from mild asthmatic subjects were compared with healthy 

non-atopicc controls [12]. Furthermore, T-cell clones derived from BALF 6 h after allergen 

challengee of mild asthmatic subjects were found to exhibit ThO-, Th1- and Th2-like cytokine 

profiles,, with no dominance of either of the groups [13]. Krug eta/. [14] observed in freshly 

isolatedd and stimulated BAL cells from asthmatic subjects a greatly increased percentage 

off IFN-y producing cells as compared to atopic and non-atopic controls. The proportion of 

BALL cells producing IL-4 was small (range 0-7.8% in the asthmatic group). So, this study 

pointss at a more Th1 type of response in asthma. Summarizing, there is most probably not 

aa fixed Th2 response in the asthmatic airways but local influences can direct Th1/Th2 

responses.. The shift to Th2 might correlate with disease severity. 

Thee role of CD8+ T-cells is less well understood. CD8+ T-cells may exert suppressive 

regulatoryy functions. Some studies in mice and rats indicate a role for CD8+ T cells in the 

inin vivo regulation of IgE production [15]. CD8+ T-cells were able to inhibit IgE production 

byy the production of substantial amounts of IFN-y. Another mechanism by which CD8+ T-

cellss could down regulate responses is by deletion of autologous CD4+ cells [16]. In 

humans,, it was reported that asthmatic subjects with markedly increased CD8+ T-cell 

numberss were less likely to develop a late asthmatic reaction [1 7,18]. This may also point 

att a suppressive role for this type of cell. 

RegulationRegulation  of  T lymphocyte  functions 

Howw T-cell reactions are regulated in vivo is still subject of ongoing studies. On the one 

hand,, the type of antigen presenting cell (APC) and the type of stimulus may be important 
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factorss in dictating the phenotype of the T-cells present. In vitro, the ratio between the 

releasee of IL-12 and PGE2 from APCs has been shown to determine the cytokine profile of 

thee T-cells [19]. The IL-12/PGE3 ratio of APCs is, on its turn, highly influenced by series of 

autocrinee and paracrine factors. The latter include factors produced by local accessory cells. 

Heree we will focus on the possible role of mast cells in T-cell regulation. 

FunctionsFunctions  of  mast  cells 

Itt has become more and more clear that mast cells are able to produce a wide range of 

mediatorss [20]. Those mediators can be divided into two groups: the preformed and the 

newlyy generated mediators. The preformed mediators are stored in secretory granules and 

cann be released immediately after mast cell activation. To this group belong histamine, 

proteolyticc enzymes (like tryptase and chymase), proteoglycans (like heparin), and 

cytokines.. The presence of preformed cytokines is still being explored. There is evidence 

forr the production of TNF-a, IL-3, IL-4, IL-5, IL-6, IL-8, IL-13 and granulocyte-macrophage 

colonyy stimulating factor (GM-CSF). How fast these products are being released is still 

underr investigation. 

Activationn of mast cells also induces the formation of newly generated mediators 

whichh comprise lipids (prostaglandins and leukotrienes), and cytokines. Synthesis and 

secretionn of all these mediators are upregulated after FceRI activation. 

RoleRole  of  mast  cells  in  T-cell  regulation 

Thee ability of sensitized mast cells to release cytokines early upon allergen stimulation 

makess them important candidates for local immunoregulation. The release of products in 

thee microenvironment affects other cells and this may regulate allergic inflammation. Until 

noww the immunoregulatory capacity of human mast cells has not been extensively studied. 

Becausee human mast cells were found to express mRNA for IL-4 [21], and release of IL-4 

proteinn was detected [22], they are commonly thought to favor conversion of T-cells to the 

Th22 phenotype [23]. However, studies with human lung mast cells suggest that they are 

unablee to induce the class switch to IgE in B-lymphocytes in the absence of exogenous IL-4 

[24].. Another study reported mast cells' capacity to degrade IL-4 protein [25]. Thus, the in 

vivovivo relevance of IL-4 production by mast cells needs further investigation. 

Anotherr mast cell product which was found to be of relevance for the allergic reaction 

iss histamine. Histamine was found to cause the release of preformed IL-16 (formerly 

Lymphocytee Chemoattractant Factor) by CD8+ T lymphocytes. IL-16 is a ligand for CD4; 

itt has chemoattractant activity for CD4+ cells and might be an important factor causing 
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migrationn of these cells into the tissue. Furthermore IL-16 is a growth factor for unsensitized 

CD4++ T-cells [26]. 

Directly,, the immunoregulatory effects of mast cells on T-cells have only been studied 

inn the mouse system [27]. In the supernatant of mouse bone marrow derived mast cells 

(BMMC,, cultured together with IL-3 and IL-4, and stimulated by either cross-linked IgE or 

ionomycin)) IL-4 protein was detected. Co-culturing of T-cells with anti-DNP-lgE sensitized 

BMMCC led to a decrease of IFN-y production by the T-cells, while at the same time IL-4 was 

induced.. These effects were (partially) blocked by adding anti-IL-4 to the co-cultures. These 

findingss cannot be easily extrapolated to the human system since significant differences 

havee been observed between mast cells from human or mouse origin. Whereas mouse mast 

cellss depend on IL-3 for growth and differentiation, the human mast cells have only very 

feww IL-3 receptors and depend on Stem Cell Factor (SCF) instead. Another difference is that 

whilee IL-4 acts as a co-factor for IL-3 in inducing mast cell growth and differentiation in the 

murinee system, it was shown that IL-4 antagonizes the effects of SCF in human mast cell 

progenitorr cells [28,29]. 

EffectsEffects  of  HMC-1 on T lymphocytes 

Too test the immunoregulatory capacity of human mast cells we studied the effects of cells 

fromm the human mast cell line HMC-1 on human CD8* T-cell proliferation and cytokine 

productionn [30]. Since we wanted to mimic the in vivo situation and obtain activated mast 

cellss we stimulated the HMC-1 cells with PMA and A23187. This resulted in increased 

productionn of several mediators and cytokines, e.g. IL-8. Resting or activated mast cells had 

differentt effects on T lymphocyte proliferation and cytokine production. Whereas resting 

mastt cells increased proliferation of a CD8+ T-cell clone to 160% of control ( - CD8+ T-

cellss with only medium), activated mast cells decreased proliferation to 47% of control. 

Alsoo the effects on cytokine production were modulated differently by resting and activated 

mastt cells. Resting mast cells increased IFN-y and IL-5 production to 273% and 140% of 

control,, respectively, whereas IL-4 production was decreased to 43% of control. Stimulated 

mastt cells increased IFN-y production even to 820% of control, IL-4 production was only 

slightlyy raised (114% of control), whereas IL-5 production was decreased to 39% of control. 

Thesee results showed that HMC-1 cells were able to modulate proliferative and cytokine 

productionn responses of a representative CD8+ T-cell clone. Activated mast cells seemed 

too drive the CD8+ T-cell clone towards a more pronounced T (helper) 1 type of response, 

simultaneouslyy decreasing T-cell numbers. We concluded that this might be a negative feed 

backk mechanism operating in allergic subjects by which the Th2-driven IgE production and 
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eosinophiliaa can be counteracted. 

Wee realize that the HMC-1 cells have some disadvantages when compared to native 

mastt cells. Firstly, the HMC-1 cell line is a rather immature mast cell line with tryptase 

levelss being 1/1 Oth of normal human lung mast cells [31]. Secondly, cells lack the y-chain 

off the FceRI receptor [32] and have a mutation in the c-kit receptor [33]. Therefore we had 

too stimulate the cells with the general stimuli PMA and calcium-ionophore A23187 instead 

off the more physiological way of using cross-linked anti-lgE. We checked the effectiveness 

off the PMA/ionophore stimulus by assessing several mediators in the supernatant. They 

weree all found to be raised as a result of the stimuli. 

Ourr findings contradict what Huels et a/. [27] found for mouse bone marrow derived 

mastt cells. As stated before, they found a decrease of IFN-y production by the T-cells, 

(partially)) due to IL-4 production by mast cells. When we added IL-4 to the polyclonal 

CD8++ T-cells we also found a (dose-dependent) decrease of IFN-y production (unpublished 

results).. This indicates that, in case of our HMC-1 cell experiments, factors other than IL-4 

mightt be involved in the regulation of IFN-y production. As HMC-1 cells were shown to 

producee PGE2, PGD2/ TNF-a, IL-1a, IL-1(3 and IL-8 we added different doses of these 

mediatorss separately to CD8+ T-cell cultures. Though some of them had a small stimulatory 

effectt on IFN-y production, none of the mediators could completely account for the increase 

off IFN-y production we found when T-cells were cultured with the stimulated HMC-1 cells 

themselves.. Thus, it might be that other factors or maybe a combination of factors is 

necessaryy to mimic the effects. 

Summar y y 

Inn conclusion, products from mast cells exerted marked effects on T lymphocytes. In the 

humann system, we found that HMC-1 mast cells were able to modulate proliferative and 

cytokinee production responses of a CD8+ T-cell clone in vitro. Activated mast cells seemed 

too drive this CD8+ T-cell clone towards a more pronounced T (helper) 1 type of response, 

simultaneouslyy decreasing T-cell numbers. A possible implication of these findings might 

bee that together with the decreased proliferation the increased IFN-y production accounts 

forr a negative feedback system by which mast cells can downregulate allergen-induced Th2 

responsess via the CD8+ T-cells. This skewing to a more Th1-type of response via the CD8+ 

cellss also may explain the finding that people with raised CD8+ T-cells in the lungs are less 

likelyy to have a late asthmatic reaction. To confirm this hypothesis, studies should be 
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Introductio n n 

Inn patients with allergic asthma, both mast cells and T lymphocytes are believed to be 

involvedd in the airway pathophysiological processes. Cross-linking of mast cell IgE receptors 

byy allergen binding leads to subsequent release of mediators. In addition to the immediate 

effectss on bronchoconstriction, these mediators also participate in inflammatory reactions. 

Activationn of T cells was found to be correlated with disease severity [1]. CD4+ T cells from 

bronchoalveolarr lavage fluid and bronchial biopsies from subjects with allergic asthma 

showedd an increased Th2 activity as compared to control subjects [2,3]. The Th2-derived 

cytokiness IL-4, IL-5 and IL-13 may play a pivotal role in the pathophysiology of allergic 

asthmaa in that they stimulate B cell IgE production and eosinophil functions. CD8+ T 

lymphocytess may exert suppressive regulatory functions by the production of substantial 

amountss of IFN-y, resulting in the inhibition of IgE production [4]. How T cell reactions are 

regulatedd in vivo is unclear. Probably, antigen-presenting cells play an important role [5]. 

Onn the other hand, mast cells produce a large number of immunomodulatory cytokines and 

mayy have important immunoregutatory functions in allergic inflammation. We show here 

thatt the human mast cell line HMC-1 influences properties of CD8+ T cells. 

Materia ll  and Method s 

Humann mast cell line HMC-1 was obtained from a patient with mast cell leukemia (kindly 

donatedd by Dr. J.H. Butterfield, Mayo Clinic, Minneapolis, Minn., USA). When indicated, 

0.44 x 106/ml cells were stimulated by phorbol myristate acetate (Sigma, St. Louis, M, USA), 

finall concentration 10 ng/ml, and calcium ionophore A23187 (Sigma), final concentration 

100 g/ml. All cells were incubated for 30 min at , after which the cells were pelleted 

andd resuspended in fresh medium. The cells were irradiated with 3,000 rad of y-irradiation 

att . Next, the cells were pelleted once more and resuspended at 0.4 x 106/ml in Iscove's 

Modifiedd Dulbecco's Medium (medium I; GIBCO BRL, Paisley, UK) containing 10% human 

pooll serum (Biowhittaker, Walkersville, M, USA), 2 x 105 M -mercaptoethanol (Merck, 

Munich,, Germany), 2mM sodium pyruvate (Merck), penicillin {100 U/ml; Gist Brocades, 

Delft,, The Netherlands) and streptomycin (100 g/ml; GIBCO). 

Peripherall blood mononuclear cells (PBMC) were obtained by Ficoll-lsopaque (d = 

1.078)) centrifugation of a buffy coat from a healthy subject. T cell clones were prepared as 

describedd [6]. At weekly intervals, the clonal cells were stimulated with 
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phytohemagglutinine,, IL-2 and irradiated PBMC (3,000 rad). Three days before performing 

thee assay, the medium was removed and the cells were suspended in medium I. To assess 

cytokinee production, 40,000 clonal cells were incubated in plates coated with anti-CD3 

(16A9,, ascites; gift from Dr. R.A.W. van Lier) with or without (stimulated) HMC-1 cells for 

244 hours, after which the supernatant was harvested. Supernatants of 5 wells were pooled 

andd stored at . IFN-y and IL-5 contents were measured by ELISA [6]. IL-4 levels were 

assessedd using the PeliKine-compact IL-4 kit from CLB (Amsterdam, The Netherlands). 

Proliferationn was assessed by measuring [3H]-thymidine incorporation in parallel 

incubationss [6]. Proliferation data are shown as the mean  SD of quintuplicates. 

Resultss and Discussion 

Stimulationn of HMC-1 cells with PMA and A23187 resulted in increased production of several 

mediatorss and cytokines, e.g. IL-8 (data not shown). [3H]-thymidine incorporation of a CD8 + 

T-celll clone (1B7) stimulated by anti-CD3 alone was 9,131 (  1,076) cpm. Addition of 

restingg HMC-1 cells increased incorporation to 14,612 (  597) cpm. However, stimulated 

HMC-11 cells caused a decrease in [3H]-thymidine incorporation to 4,258 (  855) cpm. To 

studyy the effects of non-specific cell-cell interactions, we incubated the clonal cells with the 

samee number of irradiated, non-stimulated PBMC instead of mast cells. Incorporation was 

noww 13,157 (  1,898) cpm, indicating specific inhibition by stimulated HMC-1 cells. 
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Figuree 1. IFN-y, IL-4 and IL-
55 production by CD8+ T 
celll clone 1B7. Cells were 
seededd at 40,000 cells/well 
andd stimulated with coated 
anti-CD3.. Supernatants 
weree harvested after 24 h. 
++ HMC = irradiated 
restingg HMC-1 mast cells; 
++ HMCstim + irradiated 
PMAA plus A2318rstimulated 
HMC-11 cells; + PBMC = 
irradiatedd PBMC. 
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Thee effects on cytokine production of CD8+ T cells are depicted in figure 1. Upon anti-CD3 

st imulat ionn (= control) these clonal cells produced detectable levels of all three cytokines 

tested.. Resting mast cells increased IFN-y and IL-5 product ion to 273 and 140% of the 

cont ro l ,, respectively, whereas IL-4 production was decreased to 4 3 % of the control . 

Stimulatedd mast cells increased IFN-y production to 819% as compared to anti-CD3 alone. 

IL-44 product ion was only slightly raised (114% of the control), whereas IL-5 production was 

decreasedd to 3 9 % of the control . PBMC increased IFN-y and IL-5 product ion to the same 

extentt as the resting HMC-1 mast cells d id. However, IL-4 product ion was increased by 

PBMC. . 

Thesee results show that HMC-1 cells are able to modulate proliferative and cytokine 

product ionn responses of a C D 8 + T cell clone in vitro. Activated mast cells seem to drive this 

C D 8 ++ T cell c lone towards a more pronounced Th1-type of response, simultaneously 

decreasingg T cell numbers. This might be a negative feedback mechanism operating in 

al lergicc subjects, by wh ich Th2-driven IgE product ion and eosinophi l ia are counteracted. 

Acknowledgment s s 

Thiss study was supported by the Netherlands Asthma Foundation (grant no. 93.46) and the 

St icht ingg Astma Bestri jding. 

Reference s s 

1.. Robinson DS, Bentley AM, Hartnell A, Kay 
AB,, Durham SR. Activated memory T 
helperr cells in bronchoalveolar lavage 
fluidd from patients with atopic asthma: 
Relationn to asthma symptoms, lung 
function,, and bronchial hyper-
responsiveness.. Thorax 1993;48:26-32. 

2.. Robinson DS, Hamid Q, Ying S, 
Tsicopouloss A, Barkans J, Bentley AM, 
Corrigann C, Durham SR, Kay AB. 
Predominantt Th2-like bronchoalveolar T-
lymphocytee population in atopic asthma. 
Neww Engl J Med 1992;326:298-304. 

3.. Ying S, Durham SR, Corrigan CJ, Hamid 
Q,, Kay AB. Phenotype of cells expressing 
mRNAA for TH2~type (interleukin 4 and 

interleukinn 5) and TH1-type (interleukin 2 
andd interferon-y) cytokines in 
bronchoalveolarr lavage and bronchial 
biopsiess from atopic asthmatic and normal 
controll subjects. Am J Respir Cell Mol 
Bioll 1995;12:477-487. 

4.. Kemeny DM, Noble A, Holmes BJ, Diaz-
SanchezSanchez D. Immune regulation: a new 
rolee for the CD8+ T cell. Immunol Today 
1994;15:107-110. . 

5.. Hilkens CMU, Snijders A, Vermeulen H, 
Vann der Meide PH, Wierenga E, 
Kapsenbergg ML. Accessory cell-derived IL-
122 and prostaglandin E2 determine the 
IFN-yy level of activated human CD4+ T 
cells.. J Immunol 1996;156:1722-1727. 

42 2 



EffectsEffects of mast cells on CD8+ T lymphocytes 

6.. Hol BEA, Krouwels FH, Bruinier B, 
Reijnekee RMR, Mengelers HJJ, 
Koendermann L, Jansen HM, Out TA. 

Cloningg of T lymphocytes from 
bronchoalveolarr lavage fluid. Am J Respir 
Celll Mol Biol 1992;7:523-530. 

43 3 





Chap p 

Product ss fro m human mast cel l lin e 
(HMC-1)) cell s enhanc e the productio n of IFN^y 

byy CD8+ and CD4+ T cell s 

Francinaa L. de Pater-Huijsen'2, Mariëlle J. de Riemer12, Richard M.R. Reijneke'3, 

Marjoleinn Pompen1'2, René Lutter12, Henk M. Jansen2 and Theo A. Out1'3 

'Clinicall Immunology Laboratory, and department of Pulmonology, 

Academicc Medical Center, laboratory for Experimental and Clinical Immunology, 

CLBB Sanquin Blood Supply Foundation, Amsterdam, The Netherlands 

submittedd for publication 



ChapterChapter 4 

Abstrac t t 

Inn patients with allergic asthma, T cell cytokines are implicated in the regulation of the local 

inflammationn in the airways. The ability of sensitised mast cells to release mediators and 

cytokiness early upon allergen stimulation makes them important candidates for local 

immunoregulation.. We have studied the effects of human mast cells on T cells with the use 

off the human mast cell line HMC-1. We showed that activated human mast cells or their 

solublee products induced and enhanced the IFN-y production by T-cells up to about 60 

fold.. The production of IL-4 was hardly affected and that of IL-5 was slightly enhanced. The 

enhancementt of IFN-y production was induced both in polyclonal CD4+ and CD8+ T cells 

andd in CD4+ and CD8+ T-cell clones. Further characterisation of the factors involved 

demonstratedd a molecular mass above 30 kDa. Our results implicate that by this 

mechanismm mast cells may account for a negative feedback system locally downregulating 

allergen-inducedd Th2 responses via IFN-y production by the T cells. 

Introductio n n 

Inn patients with allergic asthma, T cells are involved in regulation of local inflammation in 

thee airways. High numbers of T cells in biopsies and in the bronchoalveolar lavage fluid 

fromm patients show signs of activation [1,2]. These T cells produce cytokines like IL-2, IFN-y, 

IL-4,, IL-5 and IL-13, which may play a pivotal role in airway inflammation [3,4]. The Th2 

cytokiness IL-4 and IL-5 are important regulators in IgE mediated allergic reactions and they 

aree abundantly expressed in the airways in severe and in symptomatic asthma [5,6]. In mild 

asthma,, and shortly after experimental allergen exposure the Thl cytokine IFN-y may be 

highlyy expressed as well [7-10]. 

Thee migration of T cells into airway mucosal tissue and airway lining fluid, and the 

locall activation of T cells are regulated by cytokines, mediators and cell-cell interactions. 

Inn this respect mast cells may play in important role either by direct cell-cell contact or by 

thee release of mediators and cytokines [11]. Mast cells contain factors chemotactic for T 

cellss (IL-16, lymphotactin) [11], which are released upon activation. In mast cell-deficient 

micee there is no influx of mononuclear cells into the mucosal tissue after local IgE-mediated 

reactionss [12]. Furthermore, mast-cell mediators like histamine and prostaglandins, and 

mast-celll derived cytokines modulate T-cell proliferation and cytokine production [11,13-

15].. Interestingly, mast cells derived from the nasal mucosa of patients with allergic rhinitis 
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mayy release IL-4 by which they may contribute to ongoing IgE production and allergic 

reactionss [16]. 

Wee have earlier reported on the effects of the mast-cell mediator histamine on 

humann T cells. Histamine enhanced or inhibited T-cell proliferation and cytokine 

productionn dependent on the cell type studied and conditions applied [14,15]. To obtain 

informationn on the influence of the whole spectrum of mast-cell products on T cells we 

havee extended our studies and used the human mast cell line HMC-1 as a model for mast 

cellss [17]. As a source of T cells we used purified polyclonal human CD4+ and CD8+ T-cell 

populationss as well as T-cell clones. Our most prominent finding in these studies is a strong 

stimulationn by mast cells of the production of IFN-y by T cells. These results suggest that 

mastt cells may be important regulators in determining whether T cells differentiate to Th1 

andd Th2 cells. 

Materia ll  and Method s 

Subjects Subjects 

Lymphocytess from non-smoking healthy adults and adult patients with allergic asthma were 

studied.. The healthy subjects had no airway complaints and they had no IgE antibodies to 

aa panel of common aeroallergens. Asthma was defined according to the American Thoracic 

Societyy criteria [18] and included a history of recurrent episodes of wheezing, chest 

tightnesss and dyspnoea and a normal lung function between asthma attacks. The patients 

hadd bronchial hyperreactivity (the concentration of histamine causing a fall in the FEV, of 

moree than 20% was below 8 mg/ml) [19], and they had IgE antibodies to house dust mite. 

Thee patients had not experienced an exacerbation of asthma during at least two months 

precedingg the study. The patients did not use anti-inflammatory medication during at least 

66 weeks preceding the study, in particular they did not use corticosteroids. The study was 

approvedd by the Medical Ethics Committee of the Academic Medical Center. 

MastMast  cells  and supernatants 

Humann Mast Cell-line cells, HMC-1, were from Dr. J. Butterfield [17]. Cells were kept in 

culturee medium I: Iscove's Modified Dulbecco's Medium (IMDM; GIBCO-BRL, Paisley, UK) 

supplementedd with 5% heat-inactivated fetal calf serum (BioWhittaker, Verviers, Belgium), 

22 x ICT* M (3-mercaptoethanol (Merck, Munich, Germany), 50 u.g/rml transferrin (Boehringer 

Mannheim,, Mannheim, Germany), 180 (ig/ml L-glutamine (Merck), 1.25 ug/ml 
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Amphotericinn B (Fungizone; GIBCO, Grand Island NY), penicillin (100 U/ml, Gist 

Brocades,, Delft, The Netherlands) and streptomycin (100 ug/ml, GIBCO). Cell cultures 

weree incubated at C in humidified air containing 5% C02 . Before using mast cells in the 

assayss they were prepared as follows. HMC-1 cells were washed with Earle's Balanced Salts 

supplementedd with Tris buffer (GIBCO) containing 2% fetal clone serum (Hyclone, Logan, 

Utah,, USA). Cells were then resuspended at a concentration of 0.4 to 1.6 x 106/ml in 

culturee medium II (IMDM supplemented with 10% heat-inactivated pooled human serum 

(BioWhittaker,, Walkersville MD), 2 x 10'5 M p-mercaptoethanol (Merck), 2mM Sodium-

pyruvatee (Merck), penicillin (100 U/ml, Gist Brocades) and streptomycin (100 u.g/ml, 

GIBCO).. The cells were incubated for 30 minutes at C without or with stimulation 

(Phorboll Myristate Acetate (Sigma, St. Louis, MO, USA), final concentration 10 ng/ml, and 

calciumm ionophore A23187 (Sigma), final concentration 10 ug/ml). Next, the cells were 

collectedd by centrifugation and resuspended in washing medium at 0.4 to 1.6 x 106/ml. To 

preventt their proliferation during the subsequent assays, cells were irradiated by 3000 rad 

off gamma-irradiation at . Subsequently, the cells were centrifugated once more and 

resuspendedd in culture medium II at 0.4 to 1.6 x 106/ml. Cells were incubated for 24 h at 

CC in humidified air containing 5% C02. Supernatants were removed after centrifugation 

off the cells and were stored at . For some experiments, supernatants were divided into 

fractionss enriched for < 3 0 kDa molecules and >30 kDa molecules, respectively. To 

achievee this, samples were fractionated on centriprep tubes (Amicon, Beverly MA, USA) 

byy centrifugation for 30 min at 3000 x g. 

PolyclonalPolyclonal  T lymphocytes  and T-lymphocyte  clones 

Bloodd was obtained by venepuncture and collected in sodium heparin. Peripheral blood 

mononuclearr cells (PBMC) were obtained by Ficoll-lsopaque (Pharmacia, Uppsala, Sweden; 

dd = 1.078) centrifugation of buffy coats from healthy subjects. Purified CD8+ T-cell 

populationss were obtained by negative selection. PBMC were incubated with saturating 

amountss of anti-CD4, anti-CD16, anti-CD19 and anti-CD56 mAb (all from CLB Sanquin 

Bloodd Supply Foundation, Amsterdam, The Netherlands) at C for 30 minutes. After 

washingg away excess mAb, magnetic beads (Dynabeads, Dynal, Oslo, Norway) coated with 

sheepp anti-mouse IgG were added. The magnetic beads were concentrated by a Dynal 

Magneticc Particle Concentrator. The remaining negatively selected cells were subjected 

oncee more to the same procedure to obtain further depletion. The negatively selected CD8 + 

T-celll population was > 8 4 % CD8+ and contained <0.15% CD4+ cells as determined by 

floww cytometry analysis. The CD8+ T cells were immediately used or kept in culture in 
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mediumm III (culture medium II plus irradiated PBMC as feeder cells, IL-2 (20 U/ml, 

Lymfocult,, Biotest, Dreiech, Germany)) and phyto-hemagglutinin (PHA, Murex Diagnostics 

Ltd,, Dartford, UK). Cell cultures were incubated at C in humidified air containing 5% 

co 2. . 
Polyclonall CD45RA+ and CD45RCT cells were obtained from a freshly purified 

polyclonall CD8+ T-cell population. Cells were divided into two portions and incubated at 

CC for 30 minutes with saturating amounts of anti-CD45RA-FITC or anti-CD45R0 (Beckton 

Dickinsonn (BD), San José CA, USA), respectively. The latter were subsequently incubated 

withh Goat-anti-Mouse F(ab)2-FITC (CLB) for 30 minutes at . Cells were then sorted by 

FACSS Star Plus (BD). Both FITC-positive and FITC-negative fractions were collected. 

Experimentss were performed with the negatively selected fractions; in the fraction where 

CD45R0++ (both bright and dull staining) cells were removed the CD45R0" (and CD45RA+) 

naivee cells were left over, in the other fraction CD45RA+ (bright and dull staining) cells 

weree removed leaving the CD45RA" (and CD45R0+) memory cells. Naive and memory 

cellss were not cultured any further but used directly in the assays. 

T-lymphocytee clones were prepared as described before [8,20]. Briefly, cloning was 

performedd using direct limiting dilution with the use of an automated cell deposition unit 

coupledd to the FACStar Plus (BD). Clones were generated in the culture medium III using 

coatedd anti-CD3 mAb 16A9 as a stimulus. Positive clones were transferred to plates, mostly 

afterr 2-3 weeks and treated as follows below. For the experiments described in this study, 

wee selected clones with a ThO phenotype, producing both IFN-y and IL-4. Several clones 

producedd IL-5 as well. 

Att weekly intervals, polyclonal lines and clones were restimulated with PHA, IL-2 

andd irradiated PBMC and cultured at 0.4 to 0.8 x 106 cells/ml at . The experiments 

weree performed at day 7 after the restimulation. Three days before performing the 

experimentss with the polyclonal T cells or the T-cell clones, the culture medium was 

replacedd by medium II. Just before the experiments, the cells were collected, washed with 

washingg medium and resuspended at 0.4 x 106/ml in medium II. 

T-cellT-cell  proliferation  and cytokine  production 

Roundbottomm plates (96-well, Costar, Cambridge, MA, USA) were coated in quintuplicate 

overnightt with graded quantities of anti-CD3 mAb (16A9) diluted in Phosphate Buffered 

Salinee (PBS) supplemented with penicillin (100 U/ml, Gist Brocades) and streptomycin (100 

fig/ml,, GIBCO), after which the plates were washed three times with PBS. T-cells (40,000 

cells/well)) were added. Where indicated, either 40,000 irradiated HMC-1 cells (resting or 
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stimulated),, or 40,000 irradiated PBMC, or (fractionated) supernatants, or other substances 

weree added to the wells. Cultures were incubated for the indicated time-points at C in 

humidifiedd air containing 5% C02 . For assay of cytokine production, the plates were 

centrifuged,, supernatants of 5 parallel wells were pooled and stored at C until the day 

off assay. T-cell proliferation was assessed in parallel by measuring [3H]-thymidine 

incorporationn after the addition of 0.2 uCi [3H]-thymidin (Amersham, Buckinghamshire, UK) 

beforee finishing the culture. Proliferation data are shown as the mean of quintuplicates. In 

somee experiments T cells were stimulated with anti-CD3 mAb T3/4 plus 1XE (CLB) plus anti 

CD288 (CLB), or with Concanavalin A (ConA, ICN, Biomed). 

AssaysAssays  for  cytokines  and mediators 

IFN-Y,, IL-5 and IL-6 contents were measured by ELISA [15,21,22]. Briefly, plates coated with 

mAbb anti-IFN-y (MD2), anti-IL-5 (TRFK-5) or anti-IL-6 (mlL-6-16M) were incubated with 

samplee together with an excess of biotinylated mAb anti-IFN-y (MD1), anti-IL-5 (mAb7) or 

anti-IL-66 (slL-6). Plates were washed and subsequently incubated with streptavidin-

horseradishh peroxidase (CLB) and finally developed using tetramethylbenzidine (Merck) as 

aa substrate. The lower limits of detection were 62.5 pg IFN-y/ml, 47 pg IL-5/ml and 3 pg 

IL-6/ml.. Levels of IL-4, IL-8, PGE2, TxB2 were assessed using commercially available kits 

(CLB,, CLB, Amersham, and Amersham, respectively). Lower limits of detection were 1.95 

pgg IL-4/ml, 1.02 pg IL-8/ml, 10 pg PGE2/ml, and 3.6 pgTxB2/ml. 

ReverseReverse  transcription  PCR for  IFN-y 

Polyclonall CD8+ T-cells (1 x 106 per well) were cultured for 0 min, 30 min, 1 h, 2 h and 

44 h without or with (stimulated) mast cells in the presence of anti-CD3. Total RNA was 

extractedd and isolated using TRIzol Reagent (GIBCO) according to manufacturer's 

description.. First strand cDNA was synthesized from total RNA using Superscript II RNAse 

HH reverse-transcriptase (GIBCO). PCR amplification was carried out in PCR buffer 

(Eurogentec;; final volume 50 u.1) containing MgCl2 (Eurogentec), dNTP (Pharmacia), Taq 

DNAA polymerase (Goldstar) and (32m- or IFN-y-specific primers (Eurogentec). We co-

amplifiedd PQA1, a multi-specific internal control [23]. The mixture was covered by mineral 

oill (Sigma) and denatured at C for 5 minutes. The PCR reaction comprised 35 cycles 

,, C and , each for 1 minute). PCR products were separated by electrophoresis 

onn a 2% agarose gel and visualized with UV light after ethidium bromide staining. The 

intensityy of the bands was analysed by EagleEye (Stratagene, Amsterdam, the Netherlands). 

Forr calculations those samples were used in which intensity of the bands of the T-cell 
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productt differed not more than factor 2 from the intensity of the PQA1 product. Absolute 

amountss of IFN-y mRNA were calculated using the known amount of the PQA1 product 

andd were related to the absolute amounts of (32-microglobulin which were calculated in the 

samee way as IFN-y. 

Statistics Statistics 

Thee Mann Whitney U (MWU) test was applied to analyse differences between groups. The 

Wilcoxonn matched pair signed rank test was used to evaluate differences between paired 

samples.. Two-sided p values below 0.05 were considered statistically significant. 

Results s 

ProductsProducts  from  HMC-1 cells 

Too verify the stimulation of the HMC-1 mast cells the production of several cytokines and 

mediatorss was measured. The following were found to be produced by resting and by PMA 

pluss A23187 stimulated mast cells: IL-8, 49  58 pg/ml and 1020  259 pg/ml (mean

standardd deviation, n = 5), respectively; prostaglandinE2, 208  83 and 278  81 pg/ml 

(nn = 2), respectively; IL-6, 10 and 32 pg/ml, respectively; LTB4, 223 and 541 pg/ml, 

respectively;; and TxB2, 611 and 855 pg/ml, respectively. IFN-y, IL-4, IL-5 or IL-12 could not 

bee detected in the supernatants. 

EffectsEffects  of  HMC-1 cells  on polyclonal  CD8+ T cells  and polyclonal  CD4+ T cells 

Restingg HMC-1 cells enhanced the proliferation of anti-CD3 stimulated polyclonal CD8 + 

TT cells 1.5  0.2 fold (mean  sem, n = 8 experiments). Irradiated PBMC were used as a 

controll for the effects of adding extra cells and resulted in a 1.7 fold increase. Stimulated 

mastt cells led to a decrease of proliferation to 38  7% of control (mean + sem, n = 8 

experiments).. The irradiated HMC-1 cells and PBMC alone showed very low 3H-thymidine 

incorporation.. HMC-1 mast cell-line cells had essentially the same effects on polyclonal 

CD4++ cells. The proliferation of CD4+ T cells was 1.7 fold increased by resting mast cells, 

andd 1.8 fold by resting PBMC as control. Stimulated mast cells decreased proliferation to 

24%% of control. 
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Figuree 1. IFN-y production at 24 
hh by anti-CD3 stimulated 
polyclonall CD8* T lymphocytes 
(meann  SD). Where indicated 
differentt amounts of resting 
HMC-11 cells or stimulated HMC-
11 cells were added to the wells. 

Figuree 1 shows a representative experiment with polyclonal CD8+ T cells. When incubated 

withh anti-CD3 the cells produced 200 + 71 (mean + sd) pg IFN-y/ml. The addition of 

restingg HMC-1 cells enhanced IFN-y production to 700  122 pg/ml. Stimulated mast cells 

increasedd IFN-y production up to 24.7  2.1 ng/ml in a dose-dependent manner. The 

resultsresults from 6 experiments with polyclonal CD4+ T-cell populations and 13 experiments 

withh polyclonal CD8 + T-cell populations obtained from 3 different donors are shown in 

Tablee 1. For CD4+ T cells the ratio (IFN-y production in the presence of anti-CD3 plus 

stimulatedd mast cells) / (IFN-y production in the presence of anti-CD3) was 59.2  68 

(meann  sd) and for CD8+ T cells this ratio was 11.8  3.2. The increase of IFN-y 

productionn by stimulated mast cells was significantly higher than that by resting mast cells 

orr resting PBMC(p<0.01). 

Too check if the above mentioned effects of stimulated mast cells were mast cell-

specific,, PBMC were treated in exactly the same way as the HMC-1 cells. Part of the PBMC 

weree stimulated with PMA and A23187, the other part incubated without the stimulus. Also 

thee irradiation and washing procedures were performed in precisely the same way. The 

additionn of resting PBMC thus treated increased the T-cell proliferation 1.7 fold. The 

additionn of stimulated PBMC thus treated did not affect proliferation as compared to the 

proliferationn without added PBMC. Both resting and stimulated PBMC caused a 1.9 to 2.0-

foldd increase of IFN-y production. Thus, the effects of stimulated PBMC were qualitatively 

andd quantitatively different from those of stimulated HMC-1 cells. 
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O) ) 
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Tablee 1. IFN-y production at 24 h by anti-CD3 stimulated polyclonal CD4+ and polyclonal CD8+ 

TT lymphocytes. Where indicated resting HMC-1 cells, stimulated HMC-1 cells or resting PBMC were 
addedd to the wells. 

TT cells 
CD44 (n - 6) CD8(n - 13) 

Stimulu s s 
Anti-CD33 alone 0.61  0.7* 1.74  2.1 
++ Resting HMC-1 1.31 4 3.4 + 3.4 
++ Stimulated HMC-1 15.2 3 12.4  11 
++ Resting PBMC 1.0  0-8 3.3  3.7 
Ratios s 
Restingg HMC-1/anti-CD3 2.55  0.9** 2.51  0.4 
Stimulatedd HMC-1/anti-CD3 59.2  68t 11.8  3.2t 
Restingg PBMC/anti-CD3 2.35  1.0 1.88  0.3# 

*,, ng IFN-y/ml, mean + 1 standard deviation. **, mean  sem. t, higher than the ratio resting 
HMC-1/anti-CD3,, p<0.001; higher than the ratio resting PBMC/anti-CD3, p<0.01; #, lower than 
restingg HMC-1/anti-CD3, p<0.02. 

Too substantiate the effect of mast cells on IFN-y production we measured the effect of mast 

cellss on IFN-y mRNA. Polyclonal CD8+ T cells were cultured up to 4 hours without or with 

(stimulated)) mast cells in the presence of anti-CD3. Table 2 shows that already at 30 min 

IFN-yy mRNA was found to be much higher in the T-cell culture to which the activated mast 

cellss were added than in the cultures without the mast cells. IFN-y mRNA increased up to 

att least 4 h of culture. At this time-point levels of IFN-y mRNA in the T-cell culture with 

restingg mast cells were similar to anti-CD3 stimulation alone. IFN-y protein was measured 

inn all culture supernatants and was normally below 48 pg/ml. When stimulated mast cells 

weree added onto the T-cel! cultures the IFN-y production was increased to 88 pg/ml and 1 

ng/mll at 2h and 4h, respectively. The results of these experiments show that stimulated 

mastt cells induced a rapid increase of IFN-y mRNA. 

Thee production of IL-4 by the polyclonal CD8+ T cells was low (4.5 pg/ml). It was 

nott increased by resting HMC-1 cells, and it was only slightly increased (to 5.2 pg/ml) by 

irradiatedd PBMC. Stimulated mast cells increased IL-4 production to 10 pg/ml. IL-5 could 

nott be detected in these T-cell supernatants nor in those from polyclonal CD4+ T cells. 

Neitherr the irradiated mast cells nor the irradiated PBMC produced detectable levels of 

IFN-y,, IL-4 or IL-5. 
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Tablee 2. Quantities of IFN-y mRNA (in fg/100 fg p2microglobulin mRNA) present in the cultures of 
anti-CD33 stimulated polyclonal CD8+ T lymphocytes (1 x 106 cells) without or with (stimulated) 
HMC-11 cells (4 x 106 cells). 

Time e 

0 0 
0.5 5 

1 1 
2 2 
4 4 

(h) ) Polyclonal l 
CD8++ T-cells 

0.042 2 
0.022 2 
0.056 6 
0.109 9 
0.601 1 

++ resting 
HMC-11 cells 

ND D 
ND D 
ND D 
ND D 

0.596 6 

++ stimulated 
HMC-11 cells 

<< 0.02 
0.478 8 
1.356 6 
5.162 2 

14.780 0 

CD8+CD45RA+CD8+CD45RA+ and CD8CD45R0+ cells 

CD45RO++ T cells have a higher IFN-y production capacity than the CD45RA+ T cells [24], 

Too test whether the increase of IFN-y production might be related to a differentiation of T 

cells,, the effect of stimulated mast cells was studied with purified CD8+CD45RA+ and 

CD8+CD45RO++ T cells. Anti-CD3 stimulated naive cells did not produce detectable 

amountss of IFN-y. Stimulated (but not resting) mast cells induced the naive cells to produce 

5500 pg IFN-y/ml. Anti-CD3 stimulated memory cells produced 393 pg IFN-y/ml. Resting 

mastt cells led to increased IFN-y production (4.4-fold). Stimulated mast cells increased IFN-y 

productionn 12.2-fold. Thus, the effects exerted by HMC-1 cells were similar for both naive 

andd memory CD8+ T-cells. 

EffectEffect  of  mast  cell  supernatant  and individual  products 

Mastt cells were stimulated as described in methods and incubated for 24 h at . 

Supernatantt was collected and added in a 1:2 or 1:4 dilution to polyclonal CD8+ T cells. 

Thee 1:2 diluted supernatant decreased proliferation from 11,000 cpm to 6,000 cpm and 

increasedd IFN-y production from 3 ng/ml to 14 ng/ml. When the supernatant was diluted 

too 1:4, both proliferation and IFN-y production were as with anti-CD3 alone, illustrating that 

thee effect of the supernatant was a dose-dependent effect. This experiment was repeated 3 

timess with essentially the same results. Supernatants from not-stimulated mast cells and 

supernatantss from irradiated PBMC that had been stimulated like the mast cells had no 

effects. . 

Ass HMC-1 cells were shown to produce histamine, TNF-a, IL-1B, IL-8 and PGE2 

[11 7,25], and as IL-12 and IL-18 are known IFN-y enhancers [26], we added different doses 

off these mediators separately to CD8+ T-cell cultures. Though some of them had a small 

stimulatoryy effect on IFN-y production, none of the mediators could account for the increase 
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off IFN-y production we found when T cells were cultured with the stimulated HMC-1 cells 

themselves. . 

Next,, experiments were performed in which mast cell supernatants and medium 

weree divided into fractions enriched for <30 kDa molecules and >30 kDa molecules, 

respectively.. These enriched fractions were added to polyclonal CD8+ T cells and IFN-y 

productionn was measured. Upon anti-CD3 stimulation polyclonal CD8+ cells produced 680 

pg/mll IFN-y. The > 3 0 kDa enriched fraction of the supernatant of stimulated mast cells 

increasedd IFN-y production 23 times, whereas the low molecular weight fraction had no 

effect. . 

DifferentDifferent  kinds  of  T-cell  stimuli 

Too learn more about the effects of mast cells on T cells in combination with different T-cell 

stimuli,, the following experiment was conducted. Polyclonal CD8+ T-cells were cultured 

inn medium II, supernatant of resting HMC-1 mast cells or supernatant of stimulated HMC-1 

mastt cells. When no T-cell stimulus was applied polyclonal T-cells did not produce 

detectablee levels of IFN-y and supernatant of resting mast cells had no effect (Table 3). 

Tablee 3. IFN-y production (ng/ml) by polyclonal CD8+ T-cells. Cells were incubated at 40.000 
cells/welll in quintuplicate in medium, or in supernatant from stimulated or resting mast cells 
togetherr with different T-cell stimuli. Culture supernatants were harvested after 24 hours. 

Stimuli i 

None e 
Anti-CD33 + anti-CD28 
PHAA (0.5 jig/ml) 
PMAA (1 ng/ml) 
lonomycinn (1 ug/ml) 
PMAA (1 ng/ml) + ionomycin 

(11 ng/ml) 
ConAA (0.5 ug/rnl) 

None e 

<0.06 6 
0.28 8 

<0.06 6 
<0.06 6 

0.51 1 
13.8 8 

<0.06 6 

Supernatantt of 
restingg mast cells 

<0.06 6 
0.36 6 

<0.06 6 
<0.06 6 

0.39 9 
13.0 0 

0.09 9 

Supernatantt of 
stimulatedd mast cells 

6.2 2 
12.5 5 

5.2 2 
12.5 5 
2.3 3 
4.7 7 

7.3 3 

Supernatantt of stimulated mast cells led to an induction of IFN-y production of 6.2 ng/ml. 

Similarr results were seen for the stimuli PHA, PMA and ConA. Soluble anti-CD3 + soluble 

anti-CD28,, and ionomycin induced low levels of IFN-y production (0.3 ng/ml and 0.5 

ng/ml,, respectively). Then, the supernatant of stimulated mast cells increased IFN-y 
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productionn to 12.5 ng/ml and 4.7 ng/ml, respectively, and supernatant of resting mast cells 

hardlyy affected IFN-y production. When T cells were stimulated by PMA + ionomycin, 

theree was already a high production of IFN-y {13.8 ng/ml). Here, resting mast cells had no 

effectt and the supernatant of stimulated mast cells inhibited IFN-y production to 34% of 

control. . 

EffectsEffects  of  HMC-1 cells  on CD4+ and CD8+ T-cell  clones 

Thee effect of HMC-1 cells was tested on homogeneous and further defined cell populations, 

CD8++ T-cell clones and CD4+ T-cell clones obtained from healthy and asthmatic subjects 

(Figuress 2 -4). The anti-CD3 induced production of IFN-y by CD8+ T cell clones was higher 

thann that by CD4+ T-cell clones, both for clones from healthy subjects (mean ng/ml  sem: 

0.955  0.25 and 0.1  0.02, respectively) as for those from patients with allergic asthma 

(2.022  0.44 and 0.46  0.23, respectively) (p<0.01, MWU test). Resting mast cells led 

too no or small increases of IFN-y production (Figure 2). Stimulated HMC-1 cells caused 

additionall increases of IFN-y production for all clones studied, except in some of the CD4+ 

T-celll clones from the asthmatic subjects (Figure 2). CD8+ and CD4+ T-cell clones from 

healthyy subjects had similar IFN-y production in the presence of stimulated mast cells. The 

CD81"" T-cell clones from allergic asthma patients had still higher IFN-y production (6.1 + 

1.99 ng/ml) than the CD4+ T-cell clones from the patients (1.2 + 0.5 ng/ml) (p<0.01, MWU 

test).. Furthermore, the fold increase of IFN-y production by stimulated mast cells was higher 

inn healthy subjects (mean: 44) than in asthma patients (mean 4.4) (p<0.03, MWU test). 

Thiss resulted in slightly higher IFN-y production in the presence of stimulated mast cells by 

cloness from healthy subjects (10.8  3.5 ng/ml) than by clones from asthma patients (3.4 

 1.2 ng/ml) (p = 0.08, MWU test). 

IL-44 production was mostly decreased after addition of resting mast cells (Figures 3A 

andd 3B). In most of the clones IL-4 production was not affected by stimulated mast cells. 

Mastt cells had similar effects on IL-4 production by T-cell clones from healthy subjects. 

Severall T-cell clones produced IL-5. The production of IL-5 by CD8+ T-cell clones 

fromm healthy subjects was not affected by resting mast cells. Stimulated mast cells increased 

thee IL-5 production by 4 out of 5 CD4+ T-cell clones from asthma patients (Figure 4). 
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Figur ee 2. (A) IFN-y production at 24 h by anti-CD3 stimulated clonal CD8+ T lymphocytes. Clones 
weree obtained from the peripheral blood of 3 healthy control subjects. Where indicated resting 
HMC-11 cells or stimulated HMC-1 cells were added to the wells. 
(B)) As figure 2A but clonal CD4+ T lymphocytes from 3 healthy control subjects. 
(C)Ass figure 2A but clonal CD8+ T lymphocytes from 4 allergic asthmatic subjects. 
(D)Ass figure 2C but clonal CD4+ T lymphocytes from 2 allergic asthmatic subjects. 
Thee mean stimulation of IFN-y production by stimulated mast cells was 44-fold in CD8+ T cells from 
healthyy subjects which was significiantly higher than the mean stimulation (4.4-fold) in CD8+ T cells 
cloness from asthma patients (p<0.03, MWU test). 
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Figur ee 3. (A) IL-4 production at 24 h by anti-CD3 stimulated clonal CD8+ T lymphocytes. Clones 
weree obtained from the peripheral blood of 3 allergic asthmatic subjects. Where indicated resting 
HMC-11 cells or stimulated HMC-1 cells were added to the wells. 
(B)) As figure 3A but clonal CD4+ T lymphocytes from 1 allergic asthmatic subject. 
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Figur ee 4. (A) IL-5 production at 24 h by anti-CD3 stimulated clonal CD8+ T lymphocytes. Clones 
weree obtained from the peripheral blood of 3 healthy subjects. Where indicated resting HMC-1 cells 
orr stimulated HMC-1 cells were added to the wells. 
(B)) As figure 4A but clonal CD4* T lymphocytes. 
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IL-4IL-4  recovery 

Becausee mast cells were found to be able to degrade [27] or bind IL-4 we performed an 

experimentt to check if this was the case for the HMC-1 cells as well. Therefore, recovery 

off IL-4 was measured in the supernatant of resting mast cells. When 100 pg/ml IL-4 was 

addedd to a culture of 0.4 x 106 and 0.8 x 106 resting mast cells/ml the IL-4 recovered after 

244 h was 80% and 58%, respectively, of the control situation where IL-4 was incubated 

withoutt mast cells. Thus, there appears to occur some degradation of IL-4 or binding of IL^-

ontoo the mast cells. 

Discussio n n 

Wee have studied the effects of human mast cells on T cells with the use of the human mast 

celll line HMC-1. This is an immature mast cell line with tryptase levels being 1/10th of 

normall human lung mast cells [28,29]. Cells lack the gamma-chain of the Feel receptor and 

havee a mutation in the c-kit receptor. Therefore we stimulated the mast cells with PMA and 

calcium-ionophoree A23187. Here we show that soluble products from stimulated mast cells 

modulatee human T-cell responses in that they can induce and increase especially the IFN-y 

mRNAA and IFN-y protein production by CD4+ and CD8+ T cells, both in polyclonal T-cell 

populationss and in T-cell clones. The increase of the IFN-y production was already 

detectablee at 2h after stimulation of the cells. The production of IL-4 was hardly affected 

andd there was a slight enhancement of IL-5 production in several T-cell clones. The 

experimentss with the T-cell clones showed that the effects of mast cells are direct effects on 

TT cells. 

Ourr findings are in line with those in an animal model reported by Tkaczyk et a/. 

[30].. In contrast to this Huels etal. [31] found that co-culturing of anti-DNP-lgE sensitized 

bonee marrow derived mast cells with naive spleen CD4+ T cells led to a decrease of IFN-y 

productionn by the T cells, while at the same time IL-4 was induced. They could (partially) 

blockk these effects by adding anti-IL-4 to the co-cultures. When we added IL-4 to the 

polyclonall CD8 + T-cells we also found a (dose-dependent) decrease of IFN-y production 

(dataa not shown). This indicates that in case of the HMC-1 cells factors other than IL-4 may 

bee involved in the regulation of IFN-y production. We have tested other possible HMC-1 

celll products like histamine, PGE2, PGD2, TNF-a, IL-1a, IL-1B and IL-8, and they did not 

inducee large stimulation of IFN-y production when added separately. Furthermore, we have 

foundd that the IFN-y enhancing cytokines IL-12 and IL-18 could not account for the increase 
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off IFN-y production that was induced when T cells were cultured with the (supernatant of) 

stimulatedd HMC-1 cells. Thus, it might be that other factors than the above-mentioned are 

involved,, or maybe a combination of factors is necessary to exert the effects. From the 

experimentss with the mast-cell supernatants {Table 3) it became clear that stimulation of 

mastt cells is necessary to obtain the effects. Resting mast cells did not produce the stimulus. 

Informationn on the molecular weight of the factor(s) responsible for the increase of 

IFN-yy production was obtained by experiments in which we separated culture medium and 

(restingg and stimulated) mast-cell supernatants into fractions enriched for either < 30 kDa 

moleculess or > 30 kDa molecules. The IFN-y enhancing capacity was exclusively found in 

thee > 30 kDa fraction of the stimulated mast-cell supernatant. We were not able to identify 

thee components which are responsible for the increase in IFN-y by the T cells. 

Becausee human mast cells were found to release IL-4 protein [32], they are 

commonlyy thought to favour differentiation of T-cells to the Th2 phenotype [33-35]. 

However,, a study with human lung mast cells (obtained from normal lung) failed to detect 

releasee of IL-4 protein [36] and another study suggested that these cells are unable to induce 

thee class switch to IgE in B-lymphocytes in the absence of exogenous IL-4 [37]. Nasal mast 

cellss of allergic rhinitics stimulated with allergen, on the contrary, were able to release low 

levelss of IL-4 and high levels of IL-13, and they could induce IgE synthesis [16]. IL-4 mRNA 

wass higher in bronchial mucosal tissue from allergic asthma patients than from non-atopic 

controlss [5], and part of the IL-4 protein was associated with mast cells [6,33]. Thus, mast 

cellss from allergic subjects may be different from those from healthy controls in that they 

aree able to promote the Th2-response, whereas mast cells from healthy subjects may induce 

aa Th1-response. It would be interesting to know whether this results from intrinsic 

differencess between mast cells from those populations or it results from divergent 

differentiationn of mast cells in allergic subjects versus healthy persons. The HMC-1 cell line 

cellss represent an immature type mast cell and did not produce IL-4 under the conditions 

applied.. In contrast, some degradation or binding of IL-4 was observed. 

Thee study of the CD4+ and CD8+ T-cell clones revealed that the CD8~ T-cell clones 

producedd higher amounts of IFN-y when incubated with anti-CD3 alone as compared to the 

CD4++ clones. This is in line with the finding [24] that differentiated CD8+ T cells are able 

too produce higher amounts of IFN-y than CD4+ T cells. The T-cell clones from the healthy 

subjectss were more responsive to the activated mast cells than those from the patients. 

Earlierr we showed that the IFN-y production by T-cell clones from allergic subjects was not 

enhancedd by histamine in contrast to those from healthy controls [15]. Thus, the T cells 

fromm patients with allergic asthma appeared to respond with lower IFN-y production upon 
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stimulationn than those from healthy subjects, like it has been found for allergic subjects by 

severall other groups as well. 

IFN-yy may act as a proinflammatory cytokine. It may activate alveolar macrophages 

therebyy possibly counteracting the suppressive effect of alveolar macrophages on T cells. 

Furthermore,, IFN-y may induce and enhance the expression of cell adhesion molecules on 

leukocytess and airway epithelial cells [38]. It may be hypothesised that when there is 

activationn of mast cells in the lungs in vivo, the products released result in a rapid 

enhancementt of the production of IFN-y by local T lymphocytes. In this way T-cell products 

mayy contribute to the late phase branchusobstructive reaction that often occurs after 

exposuree of allergic asthmatic patients to aeroallergens. In fact, high levels of IFN-y and an 

increasee of IFN-y-positive T cells [39] have been demonstrated in bronchoalveolar lavage 

fluidd shortly after local allergen exposure. 

Furthermore,, IFN-y is well-recognised for its inhibitory activity on the differentiation 

towardss Th2 cells [40]. Some studies in mice and rats indicate a role for CD8+ T cells in the 

inin vivo downregulation of IgE production by the production of IFN-y [41]. A similar 

mechanismm may be operative in human cells, though the reactions involved may be more 

complicatedd than just IFN-y production [41]. In men, in vivo it has been found that 

asthmaticc subjects with markedly increased CD8+ T cell numbers in bronchoalveolar lavage 

fluidd are less likely to develop a late asthmatic reaction [42,43] which also points at a 

potentiall suppressive role for the CD8+ T cell. Thus, a long lasting or a chronic effect of an 

increasedd IFN-y expression in the lungs may be the induction of a relative skewing to Th1 

reactions,, whereas an acute effect of IFN-y release after allergen contact could be 

proinflammatory. . 

AA possible implication of our findings might be that together with the decreased 

proliferationn the increased levels of IFN-y over iL-4 could account for a negative feedback 

systemm by which mast cells locally downregulate allergen-induced Th2 responses via the 

CD8++ T cells, and may be to a lesser extent also by the CD4+ T cells [44]. A lower 

responsivenesss of T cells in allergic subjects in this respect may be one of the underlying 

causess for the development of the allergic symptoms. However, whether HMC-1 cells 

resemblee normal mast cells and to what extent normal mast cells differ from mast cells from 

allergicc subjects remains to be investigated. Thus, further studies are required using isolated 

lungg mast cells instead of the mast cell line. 
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Abstrac t t 

IL-166 is an inflammatory mediator which is able to attract CD4+ T-lymphocytes, monocytes 

andd eosinophils into the airways of asthmatic patients. Its release from cells in the airways 

iss induced by histamine. T lymphocytes are an important source of IL-16. 

Wee have tested the hypothesis that IL-16 is released into bronchoalveolar lavage 

(BAL)) fluid at early time-points after contact of local cells with allergen. Furthermore we 

havee characterised airway derived T lymphocytes as a source of IL-16 and compared their 

IL-166 release with that of other cytokines. 

Fifteenn allergic asthmatics and 9 non-allergic healthy controls participated in this 

study.. IL-16 was measured by ELI5A in BAL fluid obtained before, and at 5 min and 4 h 

afterr Segmental Allergen Challenge (SAC), in in vitro cultures of polyclonal BAL fluid cells, 

andd in in vitro cultures of T-cell clones derived from BAL fluid cells. Bioactivity of IL-16 was 

assessedd in migration studies. 

Afterr SAC, IL-16 was increased in BAL fluid at 5 min and 4 h (p-0.02) in allergic 

asthmaticc subjects only. Short-term in vitro cultures of freshly isolated BAL fluid cells of 

asthmaticc subjects released significantly higher levels of IL-16 than those of healthy subjects 

(p<0.03).. CD8+ and CD4+ T-cell clones released similar levels of antigenic IL-16. For 

CD8++ T cells only, a significant correlation was found between antigenic IL-16 and 

bioactivee IL-16 released (rho 0.96; p<0.0O3). 

InIn vivo allergen challenge of the airways induced rapid (5 min and 4 h) increases in 

IL-166 in asthmatic patients. Airway-derived CD8+ T cells of allergic asthmatic subjects 

showedd early in vitro release of bioactive IL-16. The results suggest an important role for 

CD8++ T cells in the inflammatory reactions in the airways of asthma patients. 

Introductio n n 

Patientss with asthma have a chronic airway inflammation characterised by a hypersecretion 

off mucus and an increased plasma protein leakage into the airways, and the presence of 

increasedd numbers of activated inflammatory cells in the airway mucosa. Activated mast 

cells,, eosinophilic granulocytes and T lymphocytes are most prominent [1]. It is supposed 

thatt T lymphocytes play an important regulatory role in this inflammation [2,3]. It is 

importantt to know therefore the factors that attract the T cells into the airways and that may 

activatee them. Among these interleukin-16 (IL-16) has been recognised as a key cytokine. 
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IL-166 was first described in 1982 when it was named Lymphocyte Chemoattractant Factor 

[4].. IL-16 occurs as homotetramers composed of 14-17 kDa chains. The tetrameric structure 

appearedd to be an absolute requirement for IL-16 bioactivity [5]. Proforms of IL-16 (80 kDa 

andd 60 kDa) may serve as functional precursors [6]. The pro-IL-16 was shown to be subject 

too proteolytic processing when incubated with cell lysates from CD8+ cells [7]. The receptor 

forr IL-16 is the CD4 molecule. IL-16 functions as a chemoattractant for CD4+ T-

lymphocytes,, monocytes and eosinophils [8]. In addition, it may further activate cells, 

inducee cell adhesion and protect cells against antigen-induced cell death [8,9]. 

Thee first identified source of IL-16 was the CD8+ T lymphocyte [4]. In the airways 

thee epithelial cells are recognised now as an important source as well [10]. In the CD8+ 

cellss IL-16 is constitutively synthesized and stored as bioactive protein. IL-16 is released 

fromm these cells in response to histamine [11]. In this way IL-16 may play an important role 

inn the sequence of events leading from activation of airway-tissue mast cells to infiltration 

off inflammatory leukocytes into the airways, characteristic for allergic asthma. CD4+ T 

lymphocytess contain constitutive IL-16 mRNA and the precursor protein but no preformed 

bioactivee protein [12]. Bioactive IL-16 was found in bronchoalveolar lavage (BAL) fluid of 

asthmaticc subjects 6 h and 24h after allergen challenge [10,13,14] and at 6h after histamine 

challengee [15]. No IL-16 bioactivity was found in BAL fluid from challenged normal 

subjectss or from atopic non-asthmatic subjects. 

Sincee there may be an immediate release of IL-16 from cells in the airways upon 

contactt with histamine we have tested the hypothesis that IL-16 is released into BAL fluid 

att early time-points after contact of local cells with inhalant allergen. We chose to study the 

time-pointt of 5 min after allergen challenge for some patients and the time-point of 4 h after 

allergenn challenge in a larger group. Both time-points precede the development of the late 

phasee allergic reaction and the infiltration of inflammatory cells which may occur after 

allergenn inhalation [16]. 

Furthermore,, we wanted to study CD4+ and CD8+ T lymphocytes from the BAL fluid 

ass the major non-epithelial cellular source of IL-16 in the airways [10,14]. Earlier, IL-16 

releasee studies were performed with T lymphocytes from the peripheral blood [11,12]. In 

ourr studies we have compared the production of IL-16 with the production of other 

cytokiness relevant for T-cell reactions in asthma, namely IFN-y, IL-4 and IL-5. As study 

materiall we took short-term cell cultures with total BAL fluid cell populations, and cell 

culturess with CD8+ and CD4+ T-lymphocyte clones derived from BAL fluid T cells. We 

havee studied both antigenic IL-16 as detected by ELISA, and bioactive IL-16 as detected by 

migrationn studies [1 7,18]. 
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Materia ll  and Method s 

Subjects Subjects 

Twenty-fourr volunteers (15 allergic asthmatics and 9 non-allergic healthy controls) were 

selectedd for the study. See for patient characteristics Table 1. No significant differences were 

observedd in baseline characteristics between the asthmatic and the control group with 

respectt to patient demographics and pulmonary functions. Asthma was defined according 

too the American Thoracic Society (ATS) criteria and included a history of recurrent episodes 

off wheezing, chest tightness and dyspnoea [19]. Asthma severity ranged from Grade I 

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

Globall Initiative for Asthma [20]. None had experienced an exacerbation of asthma during 

att least 2 months before the study. None of the subjects used anti-inflammatory medication, 

inn particular they did not use corticosteroids for at least 6 weeks prior to the study. Inhaled 

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

hadd a positive RAST and a positive skin prick test for house dust mite or grass pollen 

allergens. . 

Thee control subjects had no past or present history of wheezing, chest tightness, 

recurrentt episodes of reversible airway obstruction, or allergy. They were RAST and skin 

prickk test negative for a standard package of allergens tested. 

Nonee of the subjects had experienced recent airway infections. 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. Patient 1 participated 

onlyy in the study on BAL fluid T-cell clones; all other patients from the AA group 

participatedd in the allergen challenge study. 

SegmentalSegmental  Allergen  Provocation  - study  design 

Thee study design was as described previously [21]. All subjects completed a respiratory and 

allergyy questionnaire and were tested for IgE allergy [21]. Baseline spirometry and histamine 

provocationn tests were performed. Intracutaneous dose response series with house dust mite 

weree performed to determine the allergen dose for the allergen provocation procedure [21] 

(Tablee 1). 
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Tablee 1. Subject characteristics 

AAA grou p 

Mean n 
CC grou p 

Mean n 

Subjec tt  no . 

1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
9 9 
10 0 
11 1 
12 2 
13 3 
14 4 
15 5 

1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
9 9 

Agee (Yr ) 

28 8 
29 9 
19 9 
28 8 
25 5 
24 4 
30 0 
22 2 
26 6 
21 1 
26 6 
30 0 
20 0 
35 5 
22 2 
26 6 
39 9 
26 6 
39 9 
22 2 
25 5 
20 0 
38 8 
29 9 
22 2 
29 9 

Sex x 

F F 
F F 
F F 
F F 
M M 
F F 
F F 
F F 
M M 
M M 
F F 
M M 
M M 
M M 
F F 
9F/6 M M 
F F 
F F 
M M 
F F 
F F 
F F 
M M 
M M 
F F 
6F/3 M M 

FEV,,  (%pred ) 

94 4 
103 3 
100 0 
111 1 
92 2 
95 5 
104 4 
67 7 
108 8 
88 8 
113 3 
120 0 
91 1 
92 2 
109 9 
99 9 
114 4 
121 1 
100 0 
106 6 
122 2 
103 3 
110 0 
110 0 
103 3 
110 0 

PC20his tt  (mg/ml ) 

0.8 5 5 
3. 2 2 
00 * 
4. 5 5 
1.1 1 
1.7 7 
1.2 2 
0. 6 6 
1.5 5 
5. 7 7 
0. 8 8 
16 6 
7.2 2 
4 4 
9 9 
3. 8 8 
>32 2 
>32 2 
>32 2 
23. 1 1 
>32 2 
>32 2 
>32 2 
21. 5 5 
>32 2 
>30 0 

Ski nn threshol d 
(ng/ml ) ) 
ND D 
60 0 
60 0 
60 0 
6 6 
6 6 
6 6 
6 6 
6 6 
0.1 1 
0.1 1 
1 1 
100 0 
0.1 1 
100 0 

>600 0 0 
>600 0 0 
>600 0 0 
>100 0 0 
>100 0 0 
>100 0 0 
>100 0 0 
>100 0 0 
>600 0 0 

ND,, not determined. * subject showed a fall in FEV, of 20% when breathing PBS only 

LungLung  function  tests 

FEV,, and IVC were measured with a dry rolling-seal spirometer (Sensor Medics BV, 

Bilthoven,, the Netherlands) according to standardized guidelines [21]. Bronchial reactivity 

too histamine was determined by a two-minute tidal-breathing method [21]. The histamine 

thresholdd (PC20histamine) was defined as the interpolated concentration of histamine that 

causedd a fall in FEV, of 20% of the baseline value. 

FiberopticFiberoptic  bronchoscopy  and Segmental  Allergen  Challenge 

BALL was performed as previously described [21]. Transcutaneous oxygen saturation was 

monitoredd throughout the bronchoscopy. After premedication with atropine and codeine 
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andd after local anaesthesia with lidocaine, a flexible fiberoptic video-bronchoscope 

(Olympuss p200) was wedged into a (sub)segment of the lingula. Seven successive 20 ml 

aliquotss of sterile, prewarmed NaCI (154 mM) were instilled and each aspirated 

immediatelyy with low suction. The aliquots four to seven were combined and used for the 

experimentss described here. A baseline BAL was performed of the lingula and a 

postchallengee BAL at 5 min and/or at 4 h of the right middle lobe segment. After the control 

lavage,, allergen was administered in (both the lateral segment and the medial segment of) 

thee right middle lobe. When lavage was performed at 5 min, the bronchoscope was 

retractedd above the carina for 5 min. Next, lavage was performed of one of the challenged 

segments.. Four h after challenge, bronchoscopy was repeated and the (remaining) allergen 

challengedd segment of the right middle lobe was lavaged. Subjects were observed for at 

leastt 3 h after the last bronchoscopy. 

CellCell  differentials 

Cellss from BAL fluid were separated by centrifugation at 500 x g for 10 min at . Cells 

weree resuspended in phosphate-buffered saline (140 mM NaCI and lOmM sodium 

phosphate,, pH 7.4) containing 0.5% (wt/vol) bovine serum albumin (Boseral DEM, 

Organonn Teknika b.v., Boxtel, The Netherlands; PBA). The number of erythrocytes was 

countedd with Daecie suspension (1.2% (wt/vol) trisodium citrate.2 H 20 (Merck, Munich, 

Germany)) + 0.4% formaldehyde 37% (Merck)) in a Fuchs-Rosenthal counting chamber. 

Alll pools contained less than 1 x 105 erythrocytes/ml, indicating no significant bleeding 

duringg bronchoscopy. Total cell number was determined by counting manually in a 

Buerkerr counting chamber. Cells were cytocentrifuged at 500 rpm for 2 min in a Shandon 

Cytocentrifugee (model cytospin 2) and stained with Romanovsky (DiffQuick) and Jenner 

Giemsa.. For differential cell counts, a total of 1,000 cells were enumerated with the 

investigatorr being blinded for subject identity and lavage time-point. Epithelial cells, 

macrophages,, lymphocytes, neutrophils and eosinophils were identified. 

GenerationGeneration  of  clonal  T cells 

CD4++ and CD8+ T-cell clones were generated from (baseline) BAL fluid T cells of two 

allergicc asthmatic (AA) patients (patient numbers 1 and 2, Table 1). CD4+ and CD8+ 

fluorescent-labeledd T cells were sorted by FACS Star Plus (Becton Dickinson (BD), San Jose, 

CA)) and seeded at 1 cell per well by an Automated Cell Deposition Unit device (BD) [22]. 

Thee cells were cultured in a medium containing phytohaemagglutinin-A (PHA; Murex 

Diagnosticss Ltd., MO, USA), irradiated peripheral blood mononuclear cells (PBMC) and IL-
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22 (20 U/ml) [22]. Anti-CD4 and anti-CD8 FITC and PE-labeled MoAb were from BD. The 

phenotypee (CD4 and CD8) of the resulting clones was checked by flow cytometry again. 

Thee cloning efficiency in patient 1 and 2 was 5.9% and 31 %, respectively, for the BALF 

CD4++ T lymphocytes, and 6.4% and 15%, respectively, for BAL fluid CD8+ T lymphocytes. 

Controll procedures with PBMC performed in parallel experiments yielded a cloning 

efficiencyy of 52% and 63%. The numbers of BAL fluid T-lymphocyte clones used for 

experimentss were 15 and 21 CD4+, and 20 and 26 CD8+ T-lymphocyte clones from patient 

11 and 2, respectively. 

CellCell  cultures 

Forr the study on the production of cytokines total (polyclonal) BAL fluid cells and clonal 

cellss were collected by centrifugation and resuspended in medium consisting of Iscove's 

Modifiedd Dulbecco's Medium, 10% heat-inactivated pooled human serum (BioWhittaker, 

Walkersville,, MD), 2 x 10"5 M beta-mercaptoethanol (Merck, Munich, Germany), 2 mM Na-

pyruvatee (Merck), penicillin (100 U/ml, Gist-Brocades, Delft, The Netherlands) and 

streptomycinn (0.1 g/l, Gibco) and seeded at a concentration of 100,000 cells/well to culture 

wellss of 96-well roundbottom plates (Costar, Cambridge, MA). They were incubated either 

withh medium alone or stimulated with one of the following stimuli: histamine lO^M, PHA 

55 ug/ml, anti-CD3 (1:10,000 ascites, 16A9; gift from dr. R.A.W. van Lier) or phorbol 

myristatee acetate (PMA; Sigma, St. Louis, MO, USA; 1 ng/ml) + ionomycin (Sigma; 1 

jag/ml).. Supernatants were obtained at different time-points by centrifugation of the plates 

afterr which the medium was carefully removed by pipetting. Supernatants from at least 

threee wells were pooled and stored at C until use. BAL fluid cells were always freshly 

used.. Clonal cells were expanded till sufficient cells were present for phenotyping and 

cytokinee production. Cytokine production experiments with T-cell clones were performed 

withh cells that had not been previously frozen. 

BronchoalveolarBronchoalveolar  lavage  fluid 

Thee cell-free supernatant was stored at . BAL fluid was concentrated prior to cytokine 

determinationn using centriprep 10 concentrators (cut off membrane of 10 kD; Amicon, 

Beverly,, USA) according to the manufacturer's protocol. Albumin was measured in BAL 

fluidd by immunoturbidimetric assay before and after concentration (Cobas Bio analyzer; 

Rochee Diagnostics Inc) [21] and used to determine the concentration factor of BAL fluid. 
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MigrationMigration  assay 

Too measure bioactive IL-16 cell migration was performed as previously described 

[12,13,15].. To obtain information on IL-16 dependent migration, the migration was 

performedd in the absence and presence of anti-IL-16 antibodies (clone 17.1 at a final 

concentrationn of 5 to 10 u.g/ml), and the net migration was by calculated by subtraction. 

ELISAELISA  of  IL-16, IFN-y, 11-4 and IL-5 

Highh binding ELISA plates (Costar) were coated for at least 48 h at C with anti-IL-16 mAb 

17.11 at a concentration of 5 (ig/ml. At the day of assay plates were washed with PBS 

containingg 0.02% Tween-20 (Merck). To prevent aspecific binding, plates were incubated 

withh PBS containing 0.02% Tween-20 and 0 .1% Gelatine (Merck) for 30 min at room 

temperature.. Plates were then incubated with sample material, rlL-16 standard and positive 

controll samples for 2 h at . Samples were in HPE buffer (CLB, Amsterdam, the 

Netherlands)) + 1 % Normal Mouse Serum (NMS). After this incubation the plates were 

washedd and incubated for 2 h at C with the detecting biotin-labeled anti-IL-16 mAb 6, 

alsoo diluted in HPE buffer + 1% NMS. Next, plates were washed and incubated with 

streptavidin-poly-HRPP (CLB; 1/10,000 v/v) in PBS containing 2% (v/v) cow's milk, and 

subsequentlyy developed with tetrame-thylbenzidine (Sigma) and H202 (Merck). Lower limit 

off detection was 15 pg/ml. 

Levelss of IFN-y and IL-5 were measured by ELISA as described earlier [23]. IL-4 was 

measuredd by ELISA (CLB). Lower limits of detection were 62.5 pg IFN-y/ml, 2 pg IL-5/ml 

andd 1.95 pg IL-4/ml. 

StatisticalStatistical  analysis 

Thee Wilcoxon matched pairs signed rank test was used to evaluate differences between 

pairedd groups. The Mann-Whitney U test was used to evaluate differences between the AA 

andd C group. Spearman's rank correlation was used to assess relations between variables. 

Two-sidedd probability values less than 0.05 were considered significant. 
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Results s 

LevelsLevels  of  IL-16, lFN-% IL-4 and IL-5 in  concentrated  BAL  fluid  before  and after  Segmental 

AllergenAllergen  Challenge 

Thee recovery of BAL fluid before and after segmental allergen challenge (SAC) were similar. 

Inn asthma patients before: 64%  9.7% (mean  sd); after: 65%  9%, and there was no 

differencee between asthma patients and controls. Before SAC no differences in IL-16 levels 

inn BAL f lu id were detected between the AA group (median 22.0 pg/ml and range 2.7 to 

107.55 pg/ml) and the C group (9.6 pg/ml ( < 1-51.0)). In the AA patients 10-15 (Table 1) BAL 

wass performed at 5 min after SAC. In 3 cases the IL-16 levels were already increased at 5 

minn (from mean 47 pg/ml at baseline to 262 pg/ml at 5 min). At 4 h after SAC, IL-16 levels 

inn BAL fluid were raised in the (total) AA group (p = 0.02) but not in the C group (Figure 1). 

Thus,, in several asthma patients SAC resulted in an almost immediate increase in IL-16 

levelss in BAL f lu id. In some healthy subjects there was a large increase of IL-16 after SAC. 

Thee rise of IL-16 in AA tended to be higher than that in controls (p = 0.07). 

Figur ee 1. IL-16 in BAL fluid 
beforee and 4 h after Segmental 
Allergenn Challenge measured 
byy ELISA. There was a 
significantt increase of IL-16 in 
asthmaa patients (p = 0.02). The 
increasess of IL-16 in asthma 
tendedd to be higher than those 
inn controls (p = 0.07). 

Beforee allergen challenge IFN-y was detected in BAL f lu id of 3 out of 8 asthma patients 

(rangee 93-263 fg/ml) and 1 of 8 control subjects (2543 fg/ml). IL-4 was detected in BAL f luid 

off 8 of 15 asthma patients (range 1-794 fg/ml) and 4 of 8 control subjects (range 50-362 

fg/ml).. IL-5 was detected in 12 of 15 asthma patients (range 2 0 - 9 5 3 fg/ml), wh ich was 

significantlyy different from that in controls (detected in 2 of 8 control subjects; range 5 3 -

1522 fg/ml; p = 0.03). No significant changes were found due to SAC at 4 h. 
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ProductionProduction  of  IL-16, IFN-y, 11-4 and IL-5 by unseparated  (polyclonal)  BAL  fluid  cells 

Cellss from BAL fluid obtained before allergen challenge were cultured in vitro to obtain 

informationn whether they could serve as a potential source of IL-16. The cell differentials 

showedd no significant differences between the patients with allergic asthma and non-

allergicc healthy subjects (Table 2). The AA patients tended to have higher numbers of 

eosinophilss and epithelial cells (p = 0.06; MWU) than C subjects. 

Tablee 2. Cell differentials of cultured BAL fluid cells 

Cell l 
Totall cells 
Mac c 
Lym m 
Eo o 
Neu u 
Epi i 

Allergicc asthma group 
nn = 15 

129(67-268)) * 
1188 (46-172) 
6.99 (0-35.9) 
1.22 (0-39.4) 

2.22 (0.5-90.0) 
4.22 (0-79.3) 

Healthyy subjects 
nn = 4 

138(115-312) ) 
126(106-296) ) 
10.7(7.4-13.7) ) 
0.55 (0.3-0.9) 
1.3(0.7-2.1) ) 
0.33 (0-0.5) 

Mac,, alveolar macrophages; Lym, lymphocytes; Eo, eosinophils; Neu, neutrophils; Epi, epithelial 
cells.. * 106cells/L, median and range. 

Thee release of IL-16 by unstimulated BAL fluid cells of AA subjects was significantly higher 

thann that from C subjects (Figure 2; p<0.03; MWU). The addition of a stimulus (either 

histaminee or PMA + ionomycin) did not significantly increase IL-16 release neither for AA 

norr for C cultures (data not shown). 

Inn unstimulated cultures IFN-y release was detectable in only 5 out of 15 AA subjects 

(22 showing levels of >200 pg IFN-y/ml; Figure 2). In C subjects, very low amounts of IFN-y 

w e r ee detected in 4 out of 5 subjects. IFN-y production was not significantly different 

betweenn the two groups. PMA + ionomycin significantly enhanced IFN-y production in the 

AAA group to 1.5 ng/ml (< 0.0625-8.6) (p<0.001). Also in the C group PMA + ionomycin 

stimulatedd IFN-y production in all cultures (0.6 ng/ml (0.3-5.8)). 
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Figur ee 2. IL-16 release (pg/ml, filled symbols) and IFN-y release (open symbols) at 24 h by 
unstimulatedd BAL cell cultures of allergic asthmatic (AA, squares) and control (C, circles) subjects. 

IL-44 was not detectable in unstimulated cultures, neither from AA nor from C subjects. PMA 

++ ionomycin increased IL-4 production in the AA group to 11 pg/ml (< 1.95-254), whereas 

inn the C group IL-4 was not enhanced. The difference in IL-4 production between the AA 

andd C group did not reach statistical significance. 

IL-55 was not detectable in unstimulated cultures, neither from AA nor from C 

subjects.. PMA + ionomycin increased IL-5 production in the AA group to 59 pg/ml 

(<< 2-1740) and in the C group to 108 pg/ml (29 and 187, respectively). There was no 

statisticallyy significant difference between the AA and C group. 

ProductionProduction  of  IL-16, I'FN-/, IL-4 and IL-5 by clonal T cells 

Thee production of IL-16 by T-cell clones was studied to obtain information on a 

homogeneouss T-cell population as a source of IL-16. T-cell clones were stimulated with 

eitherr histamine or coated anti-CD3. After 4 h of culture, supernatants were collected and 

thee volume was restored with culture medium (including the stimulus where indicated). At 

244 h, supernatants were collected again. Forty-three out of 47 clones did produce IL-16, at 

44 h and/or 24 h. At 4h of culture, both CD4+ and CD8+ T-cell clones produced similar 

amountss of IL-16, either unstimulated or stimulated (Figure 3a). At 24h, CD8+ T-cells 

showedd significantly increased levels of IL-16 after anti-CD3 stimulation (213 pg/ml (<15-

801))) as compared to unstimulated cells (< 15 pg/ml (<15 - 403)) or stimulation with 

histaminee (<15 pg/ml (< 15-399); Figure 3b). For the CD4+ T-cells there were no 

significantt differences between the different modes of stimulation (median < 15 pg/ml for 

unstimulated,, histamine stimulated and anti-CD3 stimulated cells). 

IUUU--

a. . 

750--

500--

250--

nJ J  J ii in i 

oo o 

77 7 



ChapterChapter 5 

10-. . 

=>=> 0.1 

0.01 1 

CD4 4 

12 2 12 2 15 5 

CD8 8 

oo o 
D DD 9v v e0o 

D n DD ' V O 

°rfbb «V o°8 

100 12 13 
II  HI  II  I v w c oo 

CD4 4 

10 0 

nonee his aCD3 none his aCD3 

0.1 1 

0.01 J J 

CD8 8 

** p < 0.05 
II 1 

** p < 0.01 

 ,  <Sgh * | ' nO 
ö§8 8 

100 14 15 12 17 11 

nonee his aCD3 none his aCD3 

Figur ee 3. A: IL-16 release (ng/ml) after 4h culture of CD4* and CD8+ T-lymphocyte clones. 
Stimulationn was by histamine or coated anti-CD3. Squares: unstimulated (CD4, n = 16; CD8, n = 21); 
triangles:: histamine K T ' M (CD4, n = 21 ; CD8, n = 26); circles: anti-CD3 10"4 (CD4, n = 21;CD8, 
nn = 26). No significant differences were detected between groups. The numbers in the figure indicate 
thee number of clones not producing detectable IL-16. 
B:: as A but now after 24 h culture. Anti-CD3 stimulated CD8+ clones released higher levels of IL-16 
thann unstimulated clones (p<0.05) and than histamine-stimulated clones (p<0.01). 

A l ll C D 4 + and C D 8 + T-cell clones from another patient produced IL-16 when stimulated by 

histaminee for 24 hours (Fig. 4a). The IL-16 release upon PHA stimulat ion was similar and 

itt was significantly correlated wi th IL-16 release upon histamine stimulation (Spearman rho 

0.63,, p < 0.0001). 

Thee production of IFN-y, IL-4 and IL-5 were measured in comparison. Histamine did 

nott induce product ion of these cytokines, whereas anti-CD3 or PHA d id induce their 

p roduc t ion .. The IFN-y product ion by CD8 + T-cell clones f rom this patient showed a 

tendencyy to be higher than that by CD4 + clones from the same patient (anti-CD3 

st imulat ionn for 24 h; Fig. 4b). C D 4 + T cell clones produced more IL-4 than C D 8 + T-cell 

c loness ( p < 0 . 0 2 ) . Together this resulted in a significantly higher ratio of IFN-y 

product ion/IL-44 product ion by C D 8 + T-cell clones (93.5  103; mean  sd) than by CD4 + 

T-celll clones (14.9  48) ( p<0 .0001 ) . The IL-5 product ion was not significantly different 

betweenn C D 4 + and C D 8 + T cell clones. 

78 8 



lnterleukin-16lnterleukin-16 in asthma 

100--

10--

1 --

0.1--

0.01--

0.0011 J 

% % 

J> J> 

CD4 4 

:? ? 

A A 

A A 

AAï ï 
A A 

A» » 

A A 

A» » 

0 0 

fi fi 

9P P 
4$ $ 

0 0 

CD8 8 

D D 

IS S 
D D 

G G G 

n~m m 

IFN-yy IL-4 IL-5 IFN-y IL-4 IL-5 

Figuree 4. A: IL-16 release (ng/ml) after 24 h culture of CD4+ and CD8+ T lymphocyte clones 
generatedd from BAL fluid T cells of a second patient. Filled symbols: stimulation by histamine 10"4 

M;; open symbols: stimulation by PHA 5 (ig/ml. 
B:: Release of IFN-y, IL-4 and IL-5 (ng/ml) after 24 h culture of CD4+ and CD8+ T lymphocyte clones. 
Stimulationn was by anti-CD3. Circles: IFN-y, squares: IL-4; triangles: IL-5. Median levels and lower 
limitt of detection are shown. Release of IL-4 by CD4+ clones was higher than by CD8+ clones 
(p<0.02). . 

IL-16IL-16  bioactivity 

AA selection of samples from clonal T cells was analyzed for bioactive IL-16 by migration 

assay.. The results are depicted in Table 3. CD4+ T-cells did not release bioactive IL-16 at 

44 h. At 24 h one sample of anti-CD3 stimulated CD4+ cells did display biological activity. 

Unstimulatedd CD8+ cells released low amounts of IL-16 protein which hampered the 

detectionn of biologic activity. Both after histamine and anti-CD3 stimulation the CD8+ cells 

releasedd higher amounts of biologically active IL-16. There was a close agreement between 

antigenicc IL-16 and bioactive IL-16 in the supernatant from CD8+ T-cells (rho 0.96; 

p << 0.003). For the supernatants from CD4+ T-cells there was no such correlation. 
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Tablee 3. IL-16 production by T lymphocyte clones; comparison of antigenic IL-16 levels (in pg/ml) 
ass detected by ELISA and IL-16 bioactivity (in %) as detected by migration assay 

No.. Type of cell Stimulus Time-point IL-16+ Migration1 Migration* 
(h)) (pg/ml) (%) + anti-IL-16 (%) 

1 1 

2 2 

3 3 

4 4 

5 5 

6 6 

7 7 

8 8 

9 9 

10 0 

11 1 

12 2 

13 3 

14 4 

15 5 

16 6 

CD4 4 

CD4 4 

CD4 4 

CD4 4 

CD4 4 

CD4 4 

CD4 4 

CD4 4 

CD4 4 

CD8 8 

CD8 8 

CD8 8 

CD8 8 

CD8 8 

CD8 8 

CD8 8 

None e 

None e 

None e 

None e 

Histamine e 

Histamine e 

Histamine e 

aCD3 3 

aCD3 3 

None e 

None e 

None e 

Histamine e 

Histamine e 

aCD3 3 

aCD3 3 

4 4 

4 4 

24 4 

24 4 

4 4 

4 4 

24 4 

4 4 

24 4 

4 4 

24 4 

24 4 

4 4 

4 4 

4 4 

24 4 

< < 
< < 
1176 6 

169 9 

< < 
546 6 

742 2 

193 3 

124 4 

< < 
< < 
168 8 

87 7 

613 3 

603 3 

309 9 

5 5 

7 7 

6 6 

119  10 

1155 + 8 

1066 + 7 

117  5 

1366 + 8 

1966 + 9 

1022 3 

109  7 

1100  7 

1611 8 

2122 + 12 

1866  11 

1966  11 

1155 4 

1088 8 

1133  7 

1099 6 

1 1 1 + 6 6 

1199 + 6 

1211 + 9 

1211 5 

1377 + 8 

1044 + 4 

1066 + 3 

1066 3 

1088 7 

115  7 

1077 9 

1222  9 

f,, antigenic IL-16 as measured by ELISA; \ total migration induced by cell culture supernatants, *, 
migrationn in the presence of anti-IL-16 antibodies. The difference between the two latter columns 
givess the biologically active IL-16. 

Discussio n n 

Wee have found that subjects with stable asthma have similar baseline levels of antigenic 

IL-166 in concentrated BAL fluid as healthy control subjects. The level of IL-16 was raised 

inn BAL fluid of allergic subjects (and not in control subjects) at 5 min and 4 h after 

segmentall allergen challenge. Cruikshank and coworkers [13] found an increase of 

bioactivee IL-16 at 6 h after allergen provocation. Also, after histamine challenge of the 

airwayss of patients with allergic asthma they found increased levels of IL-16 at 6h after 

challengee in comparison to 15 min after challenge [15]. IL-16 was not measured before 

challenge,, so it was not clear whether there had been a rise of IL-16 as early as 15 min after 

thee challenge. Here we show that already at 5 min and 4 h after allergen challenge the 

levelss of IL-16 can be higher than before the challenge. This demonstrates that IL-16 may 
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activelyy participate in the very early reactions that occur after allergen deposition in the 

airways.. There was a rise of IL-16 in some of the healthy subjects as well. Possibly this was 

relatedd to the very high doses of allergen instilled in the lungs of the controls. 

Thee possible sources of IL-16 release in vivo in the airways may be T lymphocytes, 

bronchiall epithelial cells, mast cells and eosinophils [8,10,24]. The T lymphocytes may 

imposee the antigen-specific event in the IL-16 local release [3]. Therefore, we have focussed 

inn this study on airway derived T lymphocytes as a possible source of IL-16. In cultures with 

totall BAL fluid cells, IL-16 was released by cells from subjects with allergic asthma and less 

soo by control subjects. This was the case for both unstimulated and histamine-stimulated 

cultures.. From staining of cytospin preparations we know that these cell cultures contained 

mainlyy alveolar macrophages, lymphocytes, eosinophils, neutrophils, less than 0.6% 

monocytess and less than 0.9% epithelial cells. No mast cells and basophils could be 

detected.. So, probably lymphocytes are the main source of IL-16 in these cultures; the 

eosinophilss might add slightly. 

Inn contrast to other cytokines measured in the same supernatants (IFN-y, IL-4 and 

IL-5),, IL-16 release was already high without stimulation and further stimulation hardly 

alteredd the levels of IL-16 released. Most probably the lymphocytes from the BAL fluid of 

asthmaticc subjects were already activated in vivo and released IL-16 subsequently in vitro. 

Suchh an activation state may underlie the rapid release of IL-16 in vivo after allergen 

contact.. However, it did not result in increased baseline levels of IL-16 in BAL fluid of 

asthmaticc patients. 

Too obtain more information on T lymphocytes as a possible source of IL-16 we 

studiedd IL-16 production by BAL fluid derived CD4+ and CD8+ T-lymphocyte clones 

[17,18].. Antigenic IL-16 was produced in similar amounts by both CD8+ and CD4+ T 

lymphocytee clones obtained from BAL fluid from 2 allergic asthmatic subjects. After in vitro 

stimulationn more than 90% of the clones produced IL-16, which is in line with the 

detectionn of intracellular IL-16 in in vitro stimulated BAL fluid T cells [14]. Biologically 

activee IL-16 was detected in 4 h supernatant samples of the CD8+ T-cells but not in those 

off the CD4+ T-cells. This confirms earlier reports that only CD8+ T-cells constitutively 

containn biologically active IL-16, and notCD4+ T-cells [11]. Both, CD8+ and CD4+ T cells 

weree able to produce bioactive IL-16 at 24 h after stimulation with anti-CD3, though 

antigenicc IL-16 and bioactive IL-16 correlated in the supernatants from CD8+ T cells but not 

inn the supernatants from CD4+ T cells. Interestingly, the CD8+ T lymphocytes derived from 

thee airways were able to release (bioactive) IL-16 already within 4 h after stimulation. Thus, 

CD8++ T lymphocytes could be implicated in the early events after allergen challenge. After 
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beingg stimulated by histamine they may release IL-16 thereby enhancing the allergic 

inflammationn by attracting CD4+ T-lymphocytes, monocytes and eosinophils to the site of 

inflammationn and activating the cells locally. 

Otherr chemokines able to attract lymphocytes, monocytes, and/or eosinophils are 

eotaxin,, MCP-1, MCP-3, MCP-4, MDOTARC, I-309, IL-2, IL-8, RANTES, MIP1-a and 

MIP11 -fi [13,25]. It is not clear whether all of these chemokines contribute in a major way 

too in vivo chemotaxis. For the T lymphocytes, IL-16 and MIP1-a were shown to represent 

thee major chemoattractant activity in BAL fluid at 6 h after allergen challenge of asthmatic 

subjectss [1 3]. 

Becausee we wanted to further characterize the properties of the T cells present in the 

BALL fluid, we studied other T-cell cytokines like IFN-y, IL-4 and IL-5. The characteristics of 

thee release of these cytokines were markedly different from those of IL-16. In contrast to IL-

166 we did not find increases of IFN-y, IL-4 and IL-5 in the BAL fluid at 4 h after SAC, 

implyingg that CD8+ or CD4+ T lymphocytes are not releasing large amounts of these 

cytokiness at this time-point. Calhoun and coworkers [26] found a significant increase of IFN-

yy at 5 min but not at 48 h after SAC. IL-5 was found to be slightly but significantly increased 

att 4 h after allergen challenge as compared to saline-challenged sites [27]. Baseline levels 

weree not measured in this study. At 24 h or 48h IL-5 was clearly increased [27,28]. 

Inn our unstimulated cultures of BAL fluid cells we found that IFN-y was present in 

somee supernatants of unstimulated cells from both AA and C subjects. This is in agreement 

withh Walker and coworkers [29] who studied purified BAL fluid lymphocytes instead of 

totall BAL cell populations. In contrast, the latter group found levels of IL-4 to be increased 

inn allergic asthmatic subjects, whereas we did not observe increased levels of IL-4 nor of 

IL-5.. These differences may be explained by differences in asthma severity or by a possible 

suppressivee influence of alveolar macrophages present in our cultures. In unstimulated total 

BALL cells of our asthmatic population we found a predominance of IFN-y over the Th2 

cytokiness IL-4 and IL-5. 

Ourr group reported before about production of IFN-y and IL-4 by CD4+ T-cell clones 

obtainedd from BAL fluid [22,23]. In the present study we more extensively investigated 

CD8++ T-cell clones from BAL fluid. IFN-y, IL-4 and IL-5 were hardly secreted by 

unstimulatedd clonal T cells, in contrast to IL-16. Stimulated cells produced substantial 

amountss of the Th2 cytokines IL-4 and IL-5. To our knowledge this is the first report about 

cytokinee release by CD8+ T cell clones from BAL fluid of subjects with allergic asthma. 

CD8++ T cells have long been considered as potent producers of IFN-y. More recently it has 

becomee clear that CD8+ T cells like CD4+ T cells can develop into Th2 type cells, 
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producingg IL-4 and IL-5 [30,31]- This has also been shown for CD8+ T cells in the airway 

tissuee [32,33]. It is unknown whether CD8 + T cells significantly contribute to the allergic 

inflammatoryy reaction in the airways of asthma patients. Our in vitro cytokine production 

studiess show relatively high IFN-y production, low IL-4 production, but equal IL-5 

productionn in comparison with CD4+ T cells from the same patients. The presence of 

increasedd CD8+ T cells in BAL fluid has been linked to the absence of late phase bronchus 

obstructivee reactions after inhalation of allergen challenge [34,35], Thus, despite CD8+ T 

cellss being potential producers of IL-16 by which they facilitate the infiltation of 

inflammatoryy CD4+ cells, they may play mainly a protective role under the conditions of 

experimentall allergen challenge. This may be related to their high IFN-y production 

capacityy upon activation and the dampening of Th2 reactions by IFN-y. Another possibility 

whichh was raised recently, is that IL-16 might prevent antigen-specific T-cell activation [9]. 

Inn conclusion, we showed early in vitro release of bioactive IL-16 by airway-derived 

CD8++ T cells of allergic asthmatic subjects. In vivo allergen challenge of the airways 

inducedd rapid (5 min and 4 h) increases in IL-16 in asthmatic patients. Our results point to 

ann important regulatory role of CD8+ T cells in the early events after allergen challenge. 
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Abstract t 

CD88 + T cells differentiate to distinct subpopulations with unique functions. There are clear 

abnormalitiess in CD8+ T cells both in asthma and in COPD when compared with healthy 

subjects.. It is not clear whether CD8+ T cells are protective or contribute to pathology. The 

rolee of CD8-specific T cell products, such as perforin, if any, in asthma and COPD is not 

understood.. It is clearly impossible at present to formulate valid conclusions as to the 

possiblee role of CD8+ T cell modulation for the therapy of asthma and COPD. A tailored 

therapeuticc approach in different circumstances might be required. 

FunctionalFunctional  spectrum  of  CD8 T cells 

TT lymphocytes, which may be of the CD4 or CD8 phenotype in the circulation, regulate 

antigen-specificc immune responses. CD4+ T cells recognize antigenic peptides in the 

contextt of MHC class II molecules. CD8+ T cells do so in the context of MHC class I 

molecules.. As a rule, soluble antigens like proteins associate with MHC II and are handled 

byy CD4 cells; intracellular^ synthesized antigens such as those derived from intracellular 

microorganismss associate with MHC I and are handled by CD8 cells (Figure 1). 

APC C 

acellularr antigen 

CD8++ T ce 

Figur ee 1. CD8+ T cells recognize antigen in the context of MHC1, CD4+ T cells in the context of 
MHCC II molecules. 
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CD8+CD8+ J cells in asthma and COPD 

CD8++ T cells are well known for their cytotoxic functions: they kill malignant-transformed 

andd virus-infected cells. To this end they are equipped with two types of killing machinery. 

Onee involves Fas-ligand expressed at the cell surface; the other involves release of perforin 

andd granzymes from intracellular granules. In addition, these cells produce high amounts 

off IFN-y. These CD8+ cells are now denoted as type 1, or Te l . A distinct CD8+ T-cell 

subset,, termed Tc2, may have other regulatory functions, in particular the regulation of 

functionn of other immune cells by cytokine secretion. Tc2 CD8+ T cells may produce IL-4 

andd IL-5. An IL-4 rich environment contributes to the shift of CD8+ T cells from the Tc1 to 

thee Tc2 phenotype [1]. 

Bothh Tc1 and Tc2 CD8+ T cells can be functionally divided as naive, memory and, 

att least in the case of Tc1, 'memory-effector' cells (Figure 3). These functional subsets can 

bee discriminated on the basis of the surface marker phenotypes CD45RA+CD27+CD28+, 

CD45RO+CD27+CD288 + and CD45RAXD27CD28", respectively [2]. The latter 

populationn corresponds to the chemokine receptor CCR7" population that preferentially 

migratess into inflammatory tissues [3]. The CD45RA+CD27"CD28" cells have the same 

capacityy for IFN-y production as the CD45RO+ population, but fail to produce IL-4 [2,3], 

att least in the peripheral blood. Mediators of cellular cytotoxicity are mainly expressed in 

thee memory-effector subset [2,3]. These cells have been demonstrated to contain antigen-

specificc cells recognizing among others viral antigens [2]. 

CD8+CD8+ T cells  in asthma 

Activationn of CD4+ T cells appears to be a universal feature of asthma. In allergic asthma, 

thesee may be allergen-specific T cells. These cells are of a Th2 phenotype, producing 

relativelyy high amounts of IL-4 and IL-5, and low amounts of IFN-y, and are typically seen 

inn the inflamed airways of symptomatic asthma patients [4]. Interestingly, CD8+, as well as 

CD4++ T cells show expression of IL-4 and IL-5 mRNA and protein in the bronchial mucosa 

off both atopic and non-atopic asthmatics [4], suggesting that CD8+ T cells may be a 

potentiall source of asthma-promoting cytokines. The activating stimulus for CD8+ T cells 

iss not clear. 

Inn contrast to CD4+ T cells, peripheral blood CD8 + cells do not consistently show 

higherr expression of activation markers such as CD25 in asthmatics than in controls. The 

CD8++ T cells may show variable Th2 type cytokine expression [5,6] and higher expression 

off perforin [7] as compared with controls. The latter matches with a higher percentage of 

CD8+CD28"" [8], which was confirmed by our own findings, as shown in Figure 3. Thus, 

theree appears to be an increase in the CD8+ memory-effector cell population in asthma. 
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Figur ee 3. CD8+ T lymphocyte 
subpopulationss in 8 patients with mild to 
moderatee allergic asthma (median age, 
25.5;; range, 19-30 years) not using 
immunosuppressivee therapy, and non-
allergicc healthy subjects (median age, 27.5; 
range,, 20-39 years). Peripheral blood 
mononuclearr cells were analysed by flow 
cytometry.. Circles = asthma; triangles = 
healthyy subjects; open symbols 
CD8+CD45RA+ ;; filled symbols 
CD8+CD45RO+ . . 

Experimentall allergen challenge results in significant increases in both the C D 4 + and the 

C D 8 ++ T-cell populat ions in the airways [9,10], and the numbers of C D 8 + T cells were 

negativelyy associated w i th the l ikel ihood of a late-phase bronchoconstr ictor response, 

suggestingg a possible protective effect of CD8 + T cells [9]. On the other hand, viral infection 

off the respiratory tract may exacerbate asthma, possibly by augmenting eosinophil ic 

inf i l t rat ion.. This may reflect involvement of virus-specific Tc2 C D 8 + T cells. 

CD8+CD8+ T cells  in  COPD 

Recentt studies have characterized the inf lammatory cellular infiltrate in central and the 

peripherall airways of smokers w i th stable, chronic COPD, smokers w i th normal lung 

funct ionn and non-smoking controls [11-14]. COPD patients showed higher C D 8 + T cell 

numberss [11,12]. However, it appeared that these findings may be related to smoking habits 

off the populat ions investigated [13,14], 

Studiess in the peripheral b lood of COPD patients have shown increased CD8 + T cell 

numberss [15], wh i ch may be largely memory-effector CD8 cells, as defined by the 

membranee surface markers CD45RA + CD27"CD28- [16]. 

Iff C D 8 + T cells do contribute to airway inflammation in COPD, the mechanisms by 

w h i c hh they do so, as wel l as the mechanisms of their init ial act ivation, remain at present 

speculative. . 

PresentPresent  therapy 

Drugs.Drugs. Both C D 4 + and C D 8 + T cells are inhibited to a similar degree by phosphodiesterase 

inhibitorss [17]. Dexamethasone and cyclosporin A inhibit re-expression of surface CD4, but 

nott CD8 , on activated T cells in vitro [18], wh ich may reflect differential sensitivity of CD4 + 
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CD8CD8++ J cells in asthma and COPD 

andd CD8+ T cells to these drugs. Further studies of the effects of glucocorticoids and other 

drugss on CD8 + T cells in a disease setting in vivo are sorely needed. 

Desensitization.Desensitization. Early studies have already suggested a possible role for CD8+ T cells 

inn favourable clinical responses to allergen immunotherapy [19]. 

AnimalAnimal  models 

Animall models have suggested prominent roles for CD8+ T cells in the regulation of IgE 

synthesis.. Repeated challenge of rats with ovalbumin resulted in the activation of CD8+ T 

cellss that could inhibit the development of IgE responses after adoptive transfer [20]. In virus 

infectionn models, the effects of CD8+ T cells critically depended on the conditions chosen. 

CD8++ T cells were essential in the induction of airway inflammation and airway 

hyperresponsivenesss in a mouse model of intranasal administration of respiratory syncytial 

viruss (RSV) [21]. In other models where the animals were vaccinated with polypeptides of 

RSVV before the challenge, the CD8+ T cells significantly contributed to suppression of 

airwayy inflammation [22]. It is difficult to translate these conditions of acute antigen 

challengess and acute infections with the chronic allergen exposure that underlies much of 

thee pathophysiology in allergic asthma patients. There is no animal model that mimics the 

chronicc airway inflammation and airway destruction with increased numbers of tissue 

CD8++ T cells as found in COPD. 

Anti-CD8Anti-CD8  antibody  therapy  in  humans 

Treatmentt with anti-CD8 antibodies has not as yet acquired a place in experimental or 

routinee clinical practice. Experimental animal models have shown the potential of anti-

humann CD8 antibodies in depleting CD8+ T cells. The humoral immune response and at 

leastt some aspects of cell mediated responses seem not to be affected by such treatment. 

Inn a patient with a chronic hepatitis C virus infection, CD8+ T-cell depletion resulted in 

improvementt of the anti-viral immune response and clinical status [23]. On the other hand, 

inn rhesus macaques, anti-CD8 treatment resulted in rapid emergence of a pathogenic strain 

off HIV-1 from an initially non-pathogenic virus [24]. 

Withh current knowledge, it would be difficult to formulate a cogent rationale for 

CD8++ T-cell depletion in asthma or COPD. 

91 1 



ChapterChapter 6 

Ant igenn + Th1 / 

/ / 

11  1 memory 
\ j ii P P / CD8Tcell 

SS Tc1,and 
memory-effector r 
CD8Tce l l l 

IFN-YY productio n 

hig hh cytotoxi c 
capacit y y 

eliminatio nn of viru s 

suppressio nn of 
IgEE productio n ? 

releas ee of 
proteolyti cc  enzyme s 

\\ Naive CD8 
11 J Tcell 

\\ Antigen + Th2 

( H i )) m e m o r y 
\ l || WJ CD8 Tcell 
^^ Tc2 

IL-44 and IL-5 productio n 

lesss cytotoxi c 
capacit y y 

attractio nn of eosinophili c 
granulocyte s s 

helpp for 
IgEE productio n ? 

Figur ee 2. Scheme of the development and the characteristics of CD8 T lymphocytes. 
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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 (27 -49) 
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 
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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. 
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Abstrac t t 

Ann immunocytochemical staining method has been developed for simultaneous staining 

off both cell surface markers (CD4 and CD8) and intracellular cytokine proteins IFN-y IL-4 

andd IL-5. Cell surface molecules were visualized with alkaline-phosphatase, which was 

developedd by Fast Blue BB. Intracellular cytokine proteins were detected by amino-ethyl 

carbazole.. We applied this technique to T cells from T-cell lines and T-cell clones, 

peripherall blood mononuclear cells and bronchoalveolar lavage fluid cells. Cells were used 

eitherr unstimulated or stimulated for 4 h with 1 ng/ml PMA and 1 u.g/ml ionomycin, which 

provedd to be an optimal stimulus taking cytokine staining, cell recovery and cell viability 

intoo account. We studied peripheral blood mononuclear cells from healthy subjects and 

foundd that without in vitro stimulation on average 0.4% of the cells were IFN-y positive 

cells.. In the unstimulated bronchoalveolar lavage fluid cells of the 2 allergic asthmatic 

subjectss studied so far we found higher numbers of cytokine-positive cells (up to 22% of 

thee lymphocytes being IL-4+ cells). By in vitro stimulation, the numbers of cytokine-positive 

peripherall blood mononuclear cells from the healthy subjects were increased to maximally 

5%% IFN-y+ cells. In stimulated lavage fluid cells from allergic asthmatic subjects maximally 

34%% of the lymphocytes became IFN-y+. We conclude that this method allows detection 

off intracellular cytokine proteins in both CD4+ and CD8+ T cells without the need for 

stimulatingg the cells in vitro. In vitro stimulation may change the cytokine profile detected. 

Introductio n n 

Inn concert with other factors like chemokines, cytokines are held responsible for 

recruitment,, differentiation, and activation of infiltrating inflammatory cells [1]. Analysis of 

cellss which produce cytokines can be helpful in understanding both normal immunological 

reactionss and disease processes. In this respect, cells from the peripheral blood and from 

thee site of inflammation have been studied extensively. 

Severall approaches to measure cytokine production by leukocyte subsets have been 

elaborated.. On the protein level, cytokine production by for example T lymphocytes has 

beenn studied using T-cell clones derived from T-ce!l subsets. However, long term in vitro 

culturee of T-cell clones influences their cytokine profile [2], To obtain observations that are 

moree related to the in vivo situation, methods have been developed to study cytokines at 

thee single cell level in freshly obtained polyclonal cells, like flow cytofluorimetric and 
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immunocytochemicall detection. 

Thee flow cytofluorimetric technique was first developed for the demonstration of 

intracellularr IFN-y [3] and extended to other cytokines [4,5]. The staining for additional cell 

surfacee markers enables to identify and characterize the cell type which produces the 

cytokines.. Nowadays, various directly conjugated anti-human cytokine reagents are applied 

[6-8].. In vitro stimulation was found necessary to be able to detect intracellular cytokines 

byy flow cytometry. 

Inn the immunocytochemical method intracellular IFN-y protein was visualized in 

cellss fixed on adhesion slides [9]. For this method only small numbers of cells (5-10 x 103) 

aree needed. Furthermore, this technique was suggested to be sensitive enough to detect in 

vivovivo activated cells without the need of prior in vitro stimulation. We have compared both 

methodss and observed a good correlation for the detection of the cytokines IFN-y and IL-4 

inn in vitro stimulated T-cell clones and peripheral blood mononuclear cells (PBMC) [10]. 

However,, a higher percentage of positively stained celts was frequently observed using 

immunocytochemistryy as compared to flow cytometry. When bronchoalveolar lavage (BAL) 

fluidd cells were studied without prior in vitro stimulation no positive staining cells could 

bee demonstrated with the flow cytofluorimetric method, in contrast to the 

immunocytochemicall method with which up to 9% of cytokine-positive cells were 

demonstratedd [10]. This is probably due to the fact that a weak signal from a cytokine 

presentt in the Golgi organelle is readily detected by microscopy, whereas in the flow 

cytometerr the integration of the fluorescent signal over the whole cell decreases sensitivity. 

Thee aim of the present study was to adapt this immunocytochemical method for 

intracellularr cytokine staining to a double staining method for both intracellular cytokines 

andd the cell surface markers CD8 and CD4. We applied some modifications to the 

advocatedd multistep double labelling protocol for tissue staining [11; protocol II]. The 

resultingg method was validated by studying T-cell clones and lines. With the resulting 

methodd we were able to study cytokine production by CD4+ and CD8+ subsets of 

peripherall blood T lymphocytes and BAL fluid cells. 

Inn previous studies we investigated the role of T lymphocytes in asthma [12-15]. 

Sincee an aberrant production of the T helper (Th) 2 cytokines IL-4, IL-5 and IL-13 is 

observedd in this disease [16-18] we used cells from the BAL fluid from asthma patients to 

studyy Th2 cytokine staining in fresh cells. 

113 3 



ChapterChapter 8 

Material ss  and Method s 

Subjects Subjects 

Ninee volunteers (7 non-allergic healthy subjects and 2 allergic asthmatic subjects) were 

selectedd for the study. The healthy subjects comprised 5 females and 2 males; age range: 

200 to 39 years. They had no past or present history of wheezing, chest tightness, recurrent 

episodess of reversible airway obstruction, or allergy. All were radio allergosorbent test 

(RAST)) negative for a standard package of allergens tested, and they did not have bronchial 

hyperreactivityy (PC20histamine > 16mg/ml). 

Asthmaa was defined according to the American Thoracic Society (ATS) criteria and 

includedd a history of recurrent episodes of wheezing, chest tightness and dyspnoea [19]. 

Thee subjects with asthma were 22 and 26 years of age; one was a female. They had not 

experiencedd an exacerbation of asthma during at least 2 months before the study. They did 

nott use anti-inflammatory medication, in particular they did not use corticosteroids for at 

leastt 6 weeks prior to the study. Inhaled bronchodilators were withheld at least 8 h before 

alll investigations.The asthmatic subjects had PC20 histamine values of 0.6 and 1.5 mg/ml. 

Theyy had a positive RAST for house dust mite allergens. 

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

methodd [20]. The histamine threshold (PC20histamine) was defined as the interpolated 

concentrationn of histamine that caused a fall in FEV, of 20% of the baseline value. 

Nonee of the subjects had experienced recent airway infection and all were non-smokers. 

Thee study was approved by the Internal Review Board of the Academic Medical Center, 

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

CellsCells  and cultures 

PBMCC were isolated from heparinized blood by centrifugation of the blood over 

Lymphoprepp (Nycomed Pharma, Oslo, Norway). 

Too obtain purified CD8+ T-cells buffy coats were used from healthy blood bank 

donors.. PBMC were isolated as mentioned. Then, negative selection was performed with 

thee use of magnetic beads. PBMC were incubated with saturating amounts of anti-CD4, 

anti-CD16,, anti-CD19 and anti-CD56 monoclonal antibody (mAb) (all from CLB Sanquin 

Bloodd Supply Foundation, Amsterdam, the Netherlands) at C for 30 min. After washing 

thee cells with Earle's Balanced Salts with Tris (Gibco, Paisley, UK) containing 2% foetal 

clonee serum (FCLS; Hyclone, Logan, Utah, USA), magnetic beads (Dynabeads, Dynal) 

coatedd with sheep-anti-mouse IgG were added. The cells bound to the magnetic beads were 
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concentratedd by a Dynal Magnetic Particle Concentrator. The remaining negatively selected 

cellss were subjected once more to the same procedure to remove possibly contaminating 

positivee cells. The negatively selected CD8+ T-cell population was found to be >84% 

CD8++ in the lymphocyte gate (which was set based on forward and side scatter) and 

containedd <0.15% CD4+ cells as determined by flow cytometry. 

T-celll clones were generated by a random cloning procedure with cells obtained 

fromm peripheral blood from healthy subjects [12]. Briefly, cells were directly seeded at one 

celll per well at the start of the procedure. Clones were propagated using coated anti-CD3 

mAbb (16A9, ascites; a gift from Dr. R.A.W. van Lier) as a stimulus. Growing clonal cells 

weree transferred to plates without anti-CD3 (after 2-3 weeks) and stimulated with 

phytohemaglutininn (PHA), IL-2 and irradiated PBMC. These cells were restimulated at 

weeklyy intervals. 

BALL fluid cells were obtained as described before [10]. After premedication with 

atropinee and codeine and after local anaesthesia with lidocaine, a flexible fiberoptic video-

bronchoscopee (Olympus p200) was wedged into a (sub)segment of the Mngula. Seven 

successivee 20 ml aliquots of sterile, prewarmed NaCI (154 mM) were instilled and each 

aspiratedd immediately with low suction. The aliquots 4-7 were combined and used for this 

study.. The cells were collected by centrifugation at 500 g for 10 min and resuspended in 

1000 u.1 of medium I consisting of Iscove's Modified Dulbecco's Medium (BioWhittaker, 

Walkersvillee MD), 10% heat-inactivated pooled human serum (BioWhittaker), 20 u:M B-

mercaptoethanoll (Merck, Munich, Germany), 2 mM sodium pyruvate (Merck), penicillin 

(1000 U/ml; Gist-Brocades, Delft, The Netherlands) and streptomycin (0.1 g/l, Gibco). 

Mucolysiss was performed using dithiotreitol (0.5 g/l, Sigma, St Louis, MO) and DNAse 

(0.0166 g/l, Sigma), after which the cells were washed 3 times with Hank's Balanced Salt 

Solutionn (BioWhittaker) containing 2% of foetal clone serum. The mucolysis procedure was 

appliedd as we had noticed that removal of mucus by passing the BAL fluid through a sieve 

resultedd in poor recovery of cells, in particular in several BAL fluid obtained shortly after 

allergenn challenge. 

CellCell  stimulation  and application  to  the slides 

Cellss (PBMC, (poly)clonal cells, BAL fluid cells) were resuspended in medium I at a 

concentrationn of 1 x 106 cells/ml and incubated for 4h without or with phorbol 12-myristate 

13-acetatee (PMA) (ranging from 10 pg/ml to 10 ng/ml, Sigma) + ionomycin (ranging from 

100 ng/ml to 10 ug/ml, Sigma) at C in humidified air containing 5% C02 . Next, the cells 

weree washed 3 times with ice-cold phosphate-buffered saline (PBS; 0.154 M NaCI, 10 mM 
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sodiumm phosphate, pH 7.4) and resuspended in ice-cold PBS at a concentration of maximal 

22 x 106 cells/ml. 10 ul aliquots of cells were subsequently pipetted to the reaction fields of 

adhesionn slides (BioRad, Munich, Germany). Slides were kept overnight at . 

ReagentsReagents  and antibodies  for  intracellular  labelling 

Fixationn was performed with 4% (w/v) paraformaldehyde (PFA, Merck) in Sorensen buffer 

(0.11 M sodium phosphate; Merck), supplemented with 0.3 mM glucose (Merck), pH 7.4. 

Permeabilizationn buffer was PBS containing 0 .1% (w/v) saponin (Sigma). Blocking of 

aspecificc binding was obtained by incubation with 10% (v/v) normal goat serum (Bio 

Trading,, Mijdrecht). 

Thee following monoclonal antibodies were used. Anti-IFN-y: MD2 {mouse IgGI; 

[21].. A cocktail of anti-IL-4 mAbs: 8F-12, 4D-9 and 1G1 {all mouse IgGI; [22]. Anti-IL-5: 

2374-011 (mouse IgGI; Genzyme, Emeryville, CA). The final concentrations of anti-cytokine 

antibodiess during the labelling procedure were 10 ng/ml. Anti-CD8 mAb: M1312 (mouse 

tgG2b;; CLB, Amsterdam, the Netherlands), final concentration 0.1 u-g/ml. Anti-CD4 mAb: 

BMS5003BT.011 (mouse lgG2a; BioWhittaker), final concentration 0.5 u.g/ml. Irrelevant IgG-

subclasss matched antibodies were used for negative controls. Goat-anti-mouse IgGI biotin 

labelledd Ab, goat-anti-mouse lgG2b alkaline phosphatase labelled Ab and goat-anti-mouse 

lgG2aa alkaline phosphatase labelled Ab (all from Southern Biotechnology Associates, 

Birmingham,, USA) were used during the secondary labelling procedure. Horseradish 

peroxidasee (HRP)-labelled streptavidin was from DAKO (P0397; Glostrup, Denmark). 

Tris(hydroxymethyl)-aminomethanee was from Merck. The substrate solution for alkaline 

phosphatasee development was prepared just before use. Naphthol-AX-MX-phosphate (1 % 

(w/v);; Sigma) was dissolved in N,N-dimethylformamide (Merck). 2% (v/v) of this solution 

wass added to 50 mM Tris buffer. Then, 0.03% (w/v) levamisole (Sigma) was added and the 

pHH adjusted to 8.5. Fast Blue BB reagent (0.02% (w/v); Sigma F3378) was dissolved in the 

substratee solution just before use and this solution was filtered. The aminoethyl-carbazole 

(AEC)) solution contained 10 mg/ml 3-amino-9-ethylcarbazole (Sigma), 1 mg/ml N,N-

dimethylformamidee (Merck), 0 .1% saponin and 0.05% H202 (Merck) in 50 mM sodium 

acetatee (pH 4.9). Both solutions were filtered just before use. Glycergel was from DAKO. 

StainingStaining  procedure 

Thee procedure was carried out at room temperature. Slides were carefully washed 3 times 

withh 2 ml PBS. Cells were fixated with 4% PFA for 4 min, after which the slides were 

washedd with PBS containing 0 .1% saponin. From this step onwards, all washing and 
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incubationn steps were performed in this solution. Blocking of aspecific binding was by 

incubationn with 10% normal goat serum for 10 min, after which the slides were washed 

again.. Cells were incubated for 60 min with the antibodies: anti-CD8 together with an anti-

cytokinee antibody, anti-CD4 antibody together with an anti-cytokine antibody, or either of 

thee antibodies alone. Cells were washed and then incubated for 30 min with (mixtures of) 

goat-anti-mousee lgG2a or lgG2b alkaline phosphatase labelled antibodies (1:20) and the 

goat-anti-mousee IgGI biotin labelled antibody (1:50). After washing, cells were incubated 

withh HRP-labelled streptavidin (1:400) for 30 min. The cells were washed with PBS + 0.1 % 

saponinn followed by a wash with 100 mM Tris-buffer, pH 8.5. Next, the Fast Blue BB 

reagentt was added to the slides. Colour development was checked microscopically and was 

completedd within 5 min. After washing, the cells were treated with the freshly prepared 

AECC solution for 30 min. Cells were washed with PBS + 0 .1% saponin, imbedded in 

glycergell and scored using a light microscope. At least 500 cells were scored per labelling. 

Afterr scoring the origin of the slides was identified. 

CytokineCytokine  assays 

Thee cells were incubated for 4 h without or with stimulus, after which cell supernatants 

weree obtained and stored at . The amounts of cytokines secreted in the supernatants 

weree measured by ELISA. ELISA of IFN-y and IL-5 were performed as described [10]. ELISA 

off IL-4 was from CLB. 

Result s s 

EffectsEffects  of  different  amounts  of  stimuli 

Thee effects of different amounts of PMA and ionomycin upon cell recovery, cell viability 

andd cytokine staining, were studied as follows. Freshly isolated PBMC from an allergic 

asthmaticc donor were aliquoted in portions of 4 x 106 and stimulated during 4h with 

differentt amounts of PMA and ionomycin. After incubation, cells were washed with ice-

coldd PBS, stained with trypan blue and counted in a Bürker cell chamber. In representative 

experimentss concentrations of stimuli up to 100 pg/ml PMA plus 100 ng/ml ionomycin 

resultedd in the recovery and viability of the cells of 60% to 78% and 96%, respectively, 

beingg essentially the same as compared to no stimulation. At 10 ng/ml PMA plus 10 u.g/ml 

ionomycin,, cell recovery dropped to 23% and the viability dropped to 50%. Cells from the 

samee experiment were adhered onto slides and stained for intracellular cytokines. Up to 
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stimulationn with 100 pg/ml PMA plus 100 ng/ml ionomycin low numbers of cytokine-

positivee cells were found (maximally 2%). The stimulation with 1 ng/ml PMA plus 1 ug/ml 

ionomycinn resulted 50% recovery and 96% viability of the cells and in 7%, 3% and 1.5% 

positivee cells for IFN-y,IL-4 and IL-5 respectively. This was increased further to 28%, 4% 

andd 2% positive cells for IFN-y, IL-4 and IL-5, respectively, when 10 ng/ml PMA plus 10 

Ug/mll ionomycin was applied. We choose to apply 1 ng/ml PMA and 1 u.g/ml ionomycin 

inn all further experiments, because of the severe effects upon recovery and viability at 

higherr concentrations. 

StainingStaining  of  cell  surface  markers 

CD8CD8 staining  of  polyclonal  CD8* T-cells 

Stainingg of unstimulated polyclonal CD8+ T-cells with anti-CD8 mAb resulted in >99% 

positivelyy (blue) staining cells. Controls replacing the primary antibodies by irrelevant 

antibodiess matching for IgG subclass and protein concentration were consistently negative. 

Next,, polyclonal CD8+ cells were stimulated with PMA and ionomycin and they were 

mixedd in different ratios with unstimulated CD4+ clonal cells. Results in Table 1 show that 

whenn 100% stimulated polyclonal CD8+ cells were applied, 9 1 % were detected to be 

CD8+ ,, whereas in the 100% clonal CD4+ population 1.6% was scored CD8+. In mixtures 

off CD8+ and CD4+ cells, the anti-CD8 antibody detected specifically the CD8+ cells in the 

correspondingg percentages (Table 1 and 4). Thus, in a mixture of 60% CD4+ cells and 40% 

CD8++ cells the detected percentage CD8* cells was 39.3% (  0.7% (s.d.), n = 3; based on 

Tablee 1, 2 and 4). 

Tablee 1. Percentages of cells staining positive or negative for CD8 and IFN-y. Mixtures of PMA plus 
ionomycinn stimulated polyclonal CD8+ cells and unstimulated clonal CD4+ cells (clone 5B5) were 
applied. . 

Mixture e 
(%% of eel Is) 
CD44 CD8 
1000 0 
800 20 
600 40 
200 80 
00 100 

CD8++ IFN-y+ 

0.4* * 
5.4 4 
9.2 2 

22.2 2 
27.2 2 

CD8++ IFN-y 

1.2 2 
19.4 4 
30.0 0 
53.2 2 
63.8 8 

Cellss staining 

CD8"" IFN-y+ 

0.2 2 
0.4 4 
0.6 6 
0.2 2 
0.8 8 

for r 

CD8-- IFN-y 

98.2 2 
74.8 8 
60.2 2 
24.4 4 

8.0 0 

Total l 
CD88 + 

1.6 6 
24.8 8 
39.2 2 
75.4 4 
91.0 0 

Total l 
IFN-y+ + 

0.6 6 
5.8 8 
9.8 8 

22.4 4 
28.0 0 
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CD4CD4 staining  of  CD4+ T-ce!l  clonal  cells 

Unstimulatedd cells from the CD4+ T-cell clone 5B5, that were stained with anti-CD4 mAb, 

weree >99% positive. Controls replacing the primary antibodies by irrelevant antibodies 

matchingg for IgG subclass and protein concentration were consistently negative. Next, 

unstimulatedd clonal CD4+ cells were mixed in different ratios with stimulated polyclonal 

CD8++ cells (Table 2). When cells were subsequently stained with anti-CD4 mAb it was 

foundd that in case of 100% CD4+ cells applied in this experiment 86.6% were detected as 

CD4+,, whereas in the 100% CD8+ population only 0.2% was detected to be C D 4 \ In 

mixturess of CD4+ and CD8+ cells the anti-CD4 antibody detected specifically the CD4+ 

cells. . 

Tablee 2. Percentages of cells staining positive or negative for CD4 and IFN-y. Mixtures of PMA plus 
ionomycinn stimulated polyclonal CD8+ cells and unstimulated clonal CD4+ cells (clone 5B5) were 
applied. . 

Mixture e 
(%% of eel Is) 
CD44 CD8 
1000 0 
800 20 
600 40 
200 80 
00 100 

CD4++ IFN-y+ 

0.0* * 
0.0 0 
0.0 0 
0.2 2 
0.0 0 

CD4++ IFN-y' 

86.6 6 
71.8 8 
61.4 4 
22.0 0 

0.2 2 

Cellss staining 
CD4-- IFN-y+ 

0.0 0 
8.0 0 

10.8 8 
24.0 0 
34.4 4 

for r 

CD44 IFN-y 

13.4 4 
20.2 2 
28.0 0 
53.8 8 
65.4 4 

Total l 
CD4+ + 

86.6 6 
71.8 8 
61.4 4 
22.2 2 

0.2 2 

Total l 
IFN-y+ + 

0.0 0 
8.0 0 

10.8 8 
24.2 2 
34.4 4 

StainingStaining  of  cell  surface  markers  together  with  intracellular  cytokines  in  T-cell  lines  and 

clones clones 

CellCell  surface  markers  CD8 or  CD4, and intracellular  IFN-y 

Too obtain independent information on the IFN-y production by the cells the production of 

IFN-yy was measured in the supernatants from the 4h cell cultures. Stimulated polyclonal 

CD8++ cells produced 2.8 ng IFN-y/ml, whereas unstimulated CD4+ 5B5 cells only 

producedd 80 pg/ml. These cell populations were used to validate the double staining 

procedure.. Of the stimulated CD8+ cells 27.2% stained positive for IFN-y (Table 1). The 

unstimulatedd clonal CD4+ cells hardly (0.6%) stained for IFN-y When both populations 

weree mixed the numbers of IFN-y+ cells very well reflected the ratios of the different cell 

typess applied. 
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Next,, CD4 staining was applied using parallel samples of both the stimulated polyclonal 

CD8++ cells and the unstimulated clonal CD4+ cells (Table 2). The unstimulated clonal cells 

stainedd for 86.6% positive for CD4 and were negative for IFN-y. When stimulated 

polyclonall CD8+ T-cells were added, the percentages of CD4+ staining cells went down, 

whereass the percentages of cells staining for IFN-y increased up to 34.4% in the case of 

100%% CD8+ cells (differences between expected and detected numbers of IFN-y+ cells were 

alwayss below 3.4% of the expected percentage). 

Whenn 5B5 clonal CD4+ cells were stimulated with PMA and ionomycin, they 

producedd 9 and 7 ng IFN-y/ml at 4h. Staining for intracellular IFN-y showed that 68.8% of 

thesee cells were positive (Table 3). Polyclonal CD8+ cells again stained for 34% IFN-y+. 

Tablee 3. Percentages of cells staining positive or negative for CD4 and IFN-y. Mixtures of PMA plus 
ionomycinn stimulated polyclonal CD8+ cells and PMA plus ionomycin stimulated clonal CD4+ cells 
(clonee 5B5) were applied. 

Mixture e 
(%% of cells) 
CD44 CD8 
1000 0 
800 20 
600 40 
200 80 
00 100 

CD4 ++ IFN-y+ 

17.2* * 
10.4 4 
11.0 0 
4.0 0 
2.5 5 

CD4++ IFN-y" 

15.0 0 
9.8 8 
9.5 5 
2.0 0 
2.0 0 

Cellss staining 

CD44 IFN-y+ 

51.6 6 
43.0 0 
39.5 5 
34.5 5 
31.5 5 

for r 

CD44 IFN-y' 

25.2 2 
36.6 6 
40.0 0 
59.5 5 
64.5 5 

Total l 
CD4+ + 

32.3 3 
20.2 2 
20.5 5 

6.0 0 
4.5 5 

Total l 
IFN-y+ + 

68.8 8 
53.4 4 
50.5 5 
38.5 5 
34.0 0 

Figuree 1 shows results in a mixture of stimulated polyclonal CD8+ cells and stimulated 

clonall CD4+ cells stained for CD8 (blue membrane staining) and intracellular IFN-y (red 

intracellularr spots). When stained for CD4 only 32.2% of the cells were positive. 

Stimulationn with PMA and ionomycin clearly negatively affected CD4 staining. Mixtures 

off these cell types showed corresponding levels of both cytokine and cell surface molecule 

staining.. For IFN-y any differences between expected and detected numbers were below 

8.57oo of the expected percentage; for CD4 these differences were below 6.5%. 
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Figur ee 1. A mixture of 20% 
CD8++ and 80% CD4+ T 
lymphocytess adhered to coated 
slidess was stained for CD8 (blue 
alkaline-phosphatasee signal) and 
intracellularr IFN-y (red 
peroxidasee signal). Cells were in 
vitrovitro stimulated with PMA and 
ionomyin.. The size of the bar 
correspondss to 20 \im. The 
insertt shows an enlargement of 
aa double positive cell. 
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Figur ee 2. A mixture of 40% 
CD8++ and 60% CD4+ T 
lymphocytess was stained for 
CD88 and intracellular IL-4. The 
insertt shows an enlargement of 
aa cytokine-negative CD8 cell, a 
cytokine-positivee CD8 cell and 
aa cytokine-positive CD4 cell. 

'^%K. '^%K. 

'O O 

® ® 
Figur ee 3. As figure 1 BAL fluid 
cellss were stained for CD8 and 
IFN-y.. The insert shows a 
doublee positive cell. 
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CellCell  surface  markers  CD8 or  CD4 and intracellular  11-4 

InIn vitro stimulated polyclonal CD8+ cells hardly stained for IL-4 (2%, Table 4; 250 pg IL-

4/mll in supernatant). Unstimulated CD4+ T-cell clone H47 cells were negative for IL-4 

stainingg as well (0.5%, data not shown; IL-4 in supernatant below detection limit). 

Stimulatedd H47 cells stained for 92.5% positive for IL-4 (Table 4; IL-4 in supernatant was 

> 22 ng/ml). Mixtures of stimulated H47and polyclonal CD8+ cells were reflected both in 

percentagess of CD8+ and IL-4+ cells counted. For CD8, the numbers detected deviated 

maximallyy 4.0% from numbers expected; for IL-4 differences were maximally 4.8%. Figure 

22 shows results in a mixture of 40% stimulated CD8+ cells and 60% stimulated CD4+ cells 

stainedd for CD8 and IL-4. In those experiments control IgGI subclass antibodies did not 

reveall any positive staining of the cells. 

Tablee 4. Percentages of cells staining positive or negative for CD8 and IL-4. Mixtures of PMA plus 
ionomycinn stimulated polyclonal CD8+ cells and PMA plus ionomycin stimulated clonal CD4+ cells 
(clonee H47) were applied. 

Mixture e 
(%% of cells) 
CD4 4 
100 0 
80 0 
60 0 
20 0 
0 0 

CD8 8 
0 0 
20 0 
40 0 
80 0 
100 0 

CD8++ IL-4+ 

0.0* * 
0.0 0 
0.0 0 
0.5 5 
2.0 0 

CD8++ IL-4" 

0.0 0 
17.0 0 
40.0 0 
77.5 5 
90.5 5 

Cellss staining 
CD8"" IL-4+ 

92.5 5 
77.5 5 
51.5 5 
18.0 0 
0.0 0 

for r 
CD88 IL-4 

7.0 0 
5.5 5 
8.0 0 
4.0 0 
6.0 0 

Total l 
CD88 + 

0.0 0 
17.0 0 
40.0 0 
78.0 0 
92.5 5 

Total l 
IL-44 + 

92.5 5 
77.5 5 
51.5 5 
18.5 5 
2.0 0 

** % of total cells 

StainingStaining  of  PBMC and  bronchoalveolar lavage cells 

IgG-subclasss antibodies matched for antibodies to detect the cytokine proteins and the cell 

subsetss did not reveal positive staining of the cells either in PBMC nor in BAL fluid cell 

preparations. . 

Day-to-dayDay-to-day  variability  of  double  staining 

PBMCC from a healthy blood bank donor were isolated from a buffy coat and aliquots were 

storedd in liquid nitrogen. On 6 different days a vial was thawn and double staining was 

performedd as described. Both unstimulated and stimulated cells showed reproducible 

stainingg for CD8 (s.e.m. below 10%). In frozen PBMC which were not in vitro stimulated 
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thee mean percentage of cytokine-positive celts was 1.5, 1.5 and 2.2 for IL-4, IL-5 and IFN^y, 

respectively.. In frozen, in vitro stimulated PBMC, these values were 3.4, 2.3 and 5.8, 

respectively. . 

DoubleDouble  staining  of  cell  surface  markers  and intracellular  cytokines  in  fresh  PBMC of 

healthyhealthy  subjects 

PBMCC were obtained from 7 healthy subjects. Part of the cells were stimulated with PMA 

pluss ionomycin (n = 6) and part of the cells were incubated without stimulation (n = 7). 

Tablee 5 shows the results. Unstimulated PBMC showed 0.34-2.84% cytokine-positive cells 

(highestt frequency for IFN-y). The majority of the cytokine-positive cells resided in the CD8" 

population.. Stimulated PBMC showed 0.87-7.5% cytokine-positive cells (highest frequency 

forr IFN-y). 

Tablee 5. PBMC from healthy subjects. Staining for either CD8 and one of the cytokines IFN-y, IL-4 
orr IL-5. Fresh cells were not stimulated or stimulated with PMA and ionomycin. Depicted are mean 
valuess  SD. Corrected for B-cells, NK-cells and monocytes. 

Stimulus s 

IFN-y y 
IL-4 4 
IL-5 5 

withoutt stimulus 
%CD8+cyt+ + 

(n -7 ) ) 
0.04** 1 

0.099 5 
0.100 + 0.27 

%CD8cyt+ + 

(nn = 7) 
2.800 6 
0.400 7 
0.244 4 

withh stimulus 
%CD8+cyt+ + 

(nn = 6) 

1.700  1.34 
0.400 1 

0 0 

%CD8cyt+ + 

(n -6 ) ) 
5 .8315.26 6 
2.877 + 2.92 
0 .8711 1.25 

cyt+,, cytokine staining positive; * % of T lymphocytes 

DoubleDouble  staining  of  cell  surface  markers  and intracellular  cytokines  in  fresh  BAL  fluid  cells 

ofof  allergic  asthmatic  subjects 

BALL fluid cells were obtained from 2 allergic asthmatic subjects. Double staining of CD8 

orr CD4 together with the intracellular cytokines IFN-y, IL-4 or IL-5 was performed (Table 

6). . 

Unstimulatedd BAL fluid cells showed 0% IFN-y+ cells, 1.3% and 22.3% IL-4+ cells, 

andd 0% and 1.2% IL-5+ cells (expressed as positive cells in percentage of lymphocytes). The 

majorityy of the cytokine-positive cells always resided in the CD8 population. Stimulated 

BALL fluid cells showed 10.1% and 34.0% IFN-y+ cells, 3.9% and 21.0% IL-4+ cells, and 

0%% and 4.3% IL-5+ cells, with the majority of the cytokine-positive cells in the CD8 

population.. Figure 3 shows a BAL fluid cell preparation stained for CD8 and IFN-y. 
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Tablee 6. BAL fluid cells from 2 allergic asthmatic subjects. Staining for either CD8 and one of the 
cytokiness IFN-y, IL-4 or IL-5. Cells were not stimulated or stimulated with PMA and ionomycin. 
Depictedd are mean values of each subject. 

Stimulus s 

IFN-y y 
IL-4 4 
IL-5 5 

withoutt stirr 
%CD8+cyt+ + 

(n-2) ) 
0* /0* * 
00 /5.6 
00 /o 

ulus s 
%CD8cyt+ + 

<nn = 2) 
0 / 0 0 

1.3/16.7 7 
1.2/0 0 

withh stimulus 
%CD8+cyt+ + 

(n-2) ) 
2.5/7.6 6 
1.3/0 0 
0.9/0 0 

%CD8"cyt+ + 

(n-2) ) 
7.6/26.4 4 
2.6/21.0 0 
3.4/0 0 

cyt+,, cytokine staining positive; * % of total cells minus alveolar macrophages 

Discussio n n 

Wee succeeded in developing an immunocytochemical method for simultaneous staining 

off both cell surface markers (CD4 and CD8) and intracellular cytokines. Cell surface 

markerss and intracellular cytokines were labelled with specific mouse monoclonal 

antibodiess of different IgG subclasses. A blue alkaline phosphatase signal was applied for 

markingg the membrane staining of CD4 and CD8. The peroxidase staining for intracellular 

cytokiness resulted in red intracellular spots representing the stored cytokine in the Golgi 

apparatus.. This double staining method makes it possible to combine the advantages of the 

immunocytochemicall method with the possibility to discriminate between different cell 

types.. This method may have a higher sensitivity of detection of intracellular cytokines and 

itt requires lower cell numbers than the flow cytometric method; furthermore it detects 

alreadyy cytokine-positive cells in cell populations that have not been stimulated in vitro 

[9,10]. . 

Recently,, several improvements have been reported for the flow cytometric method 

[7,23].. Now, it is possible to analyse intracellular cytokines in 500 u.1 whole blood samples. 

Furthermore,, since 3 and even 4 colour-flow cytometry has become available, it is possible 

too more precisely discriminate the subsets of cells studied, for example memory/effector T-

cellss [24]. However, in vitro stimulation is still necessary to detect the intracellular 

cytokiness using flow cytometry. 

Differentt stimulation protocols are being used in various methods. For example, 

PBMCC of healthy controls were stimulated for 5h with 10 ng/ml PMA plus 1 u,M ionomycin 

resultingg in 7% of the cells staining positive for IFN-y and 0.5% for IL-4 [6]. Jason and 

Lamedd [8] used a 4-5.5h stimulation of PBMC with 50 ng/ml PMA plus 1 ng/ml ionomycin 

resultingg in 53% IFN-y+ cells. We decided to perform a titration study of the frequently used 
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stimulii PMA and ionomycin first. In these experiments we not only studied the percentages 

off cytokine-positive cells but also the effects of these stimuli on cell recovery and viability. 

Upp to 1 ng/ml PMA plus 1 u.g/ml ionomycin viability was similar to control and the 

recoveryy was close to control values. After stimulation with 10 ng/ml PMA plus 10 u.g/ml 

ionomycinn the cell recovery and viability dropped to 23% and 50%, respectively. Although 

thee latter conditions resulted in higher percentages of cytokine-positive cells, we decided 

too use stimulation with 1 ng/ml PMA plus 1 ng/ml ionomycin in our experiments. These 

conditionss resulted in a higher recovery and viability of the cells, thereby probably better 

approachingg the original cell population. As for the kinetics, we have previously shown that 

withh 1 ng/ml PMA plus 1 u.g/ml ionomycin the 4h time-point is optimal when studying the 

33 cytokines IFN-y, IL-4 and IL-5 [10]. 

Next,, the specificity of both cell surface marker staining and intracellular cytokine 

stainingg of this method was confirmed by the use of polyclonal CD8+ T-cell lines and CD4+ 

T-celll clones. The phenotypes of these lines and clones were checked by flow cytometry 

andd cytokine production was assessed by measuring the cytokines in the cell supernatants 

withh ELISA. 

Stimulationn of cells by PMA and ionomycin lowers the expression of the CD4 

moleculee [25]. Under our conditions stimulated cells only showed weak staining for CD4, 

whilee the cells from the same origin without stimulation showed clear staining. Until now 

wee were not able to improve the staining for CD4. Application of the antibody prior to the 

inin vitro stimulation did not improve CD4 staining. So, we assessed the clearly detectable 

CD8++ cells and subtracted those from total T lymphocytes and defined this group the CD4+ 

population. . 

Withh the double staining method developed we studied both cells from peripheral 

bloodd and BAL fluid. Without in vitro stimulation we found up to a mean of 2.8% cytokine-

positivee T cells (for IFN-y in the CD4+ population). BAL fluid cells from allergic asthmatic 

subjectss were chosen to demonstrate the possibilities of our staining procedure further. We 

hadd noticed that removal of any mucus from BAL fluid resulted in the loss of considerable 

numberss of cells for several BAL fluid preparations, in particular when BAL fluid was 

obtainedd after segmental allergen challenge. Therefore, we have chosen to treat our BAL 

fluidd samples with DTT and DNAse to recover as many cells as possible. In unstimulated 

BALL fluid cells much higher numbers cytokine-positive cells were found (up to 22% of the 

lymphocytess being IL-4+ cells). This may reflect the in vivo activation which takes place in 

thee airways of asthmatic subjects [17]. Without stimulation IL-4+ and IL-5* cells but no IFN-

y++ cells were found. After in vitro stimulation of the cells, in both patients IFN-y+ cells were 
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thee most frequently found cells. Thus, stimulation alters the cytokine profile detected. 

Ourr present data for asthma are similar to those of Krug et a/. [6] and our earlier 

resultss [10]. In previous studies we investigated the role of T lymphocytes in asthma [12-15]. 

Sincee the aberrant production of the Th2 cytokines IL-4, IL-5 and IL-13 is generally thought 

too play a pathophysiological role in asthma [16-18], and IFN-y, on the other hand, might 

counteractt Th2 responses [26], our method may be of use in the further analysis of BAL 

fluidd cell populations from such patients. 

Wee conclude that this method allows detection of intracellular cytokine proteins in 

bothh CD8+ and CD8 T cells without the need for stimulating the cells in vitro. After in vitro 

stimulationn of the cell suspensions, higher percentages of cytokine-positive cells were found 

inn accordance with the generally used protocols for flow cytometric intracellular cytokine 

detection.. However, the relative proportions of IFN-y and IL-4 positive cells may be affected 

byy the stimulation. The method is particularly useful for the detection of low numbers of 

intracellularr cytokine containing subsets of cells. 
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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]. 

133 3 



ChapterChapter 9 

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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Figuree 1. A. Percentage of CD4+CD103+ and BAL fluid cells expressing CD27 before and 4h after 
SAC.. Circles, asthmatic subjects; Triangles, healthy control subjects. B. The same analysis for the 
CD88 + CD103+ cells. 
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differentt from those in C subjects (p<0.02). 

139 9 



ChapterChapter 9 

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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Figuree 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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Figuree 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. 

Discussion 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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Summary y 

Fromm the late 1980s onwards it is becoming more and more clear that T lymphocytes play 

ann important immunoregulatory role in the inflammatory processes in asthma. Which 

subpopulationss are implicated precisely and the factors that regulate the activity of the local 

TT lymphocytes in the lungs are still under investigation. We started our work by first 

studyingg possible mechanisms in vitro. After that we examined T lymphocyte functions in 

vivovivo in the airways. Steady state conditions were compared with conditions after anti

inflammatoryy intervention or after allergen challenge. We extended an immuno-

cytochemicall method for staining of intracellular cytokines to be able to double stain both 

intracellularr cytokines and cell membrane markers. We used this method as a tool to study 

earlyy reactions after in vivo allergen challenge. 

Inn chapter 2 we reviewed possible ways in which mast cells might affect T 

lymphocytee cytokine production and proliferation. The ability of sensitized mast cells to 

releasee cytokines early upon allergen stimulation makes them important candidates for local 

immunoregulation.. Because human mast cells were found to express mRNA for IL-4, and 

releasee of IL-4 protein was detected, they were thought to favor conversion of T cells to the 

Th22 phenotype. However, studies with human lung mast cells have shown that they were 

unablee to induce the class switch to IgE in B-lymphocytes in the absence of exogenous IL-4. 

Anotherr study reported mast cells' capacity to degrade IL-4 protein. Thus, the in vivo 

relevancee of IL-4 production by lung mast cells needed further investigation. 

Ourr preliminary results (described in chapter 3) showed that human HMC-1 mast cell cell-

linee cells were able to modulate proliferative and cytokine production responses of a CD8+ 

T-celll clone in vitro. Activated mast cells seemed to drive this CD8+ T-cell clone towards 

aa more pronounced T (helper) 1 type of response, simultaneously decreasing T-cell 

numbers.. Together with the decreased proliferation the increased IFN-y production may 

accountt for a negative feedback system by which mast cells can downregulate allergen-

inducedd Th2 responses. 

Inn chapter 4 the effects that HMC-1 mast cells exert on T lymphocytes were studied 

inn more detail. Activated mast cells were found to release increased amounts of IL-6, IL-8, 

LTB4,, TxB2 and PGE2. Polyclonal and clonal CD8+ and CD4+ T lymphocytes from blood 

andd airways responded to the addition of activated mast cells by increasing the production 

off IFN-y over IL-4. An increase of IFN-y mRNA was also detected. These effects were caused 

byy > 3 0 kDa soluble mediators released by the activated mast cells. Addition of several 

mediatorss separately could not account for the increase of IFN-y production found when 
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TT cells were cultured with the (supernatant of) activated mast cells themselves. So, an 

unknownn factor or a combination of factors is causing the effects. 

Inn chapter 5 we studied the release of IL-16 both in vivo and in vitro. In vivo 

allergenn challenge of the airways induced rapid (5 min and 4 h) increases in IL-16 in 

asthmaticc patients only. Short-term in vitro cultures of freshly isolated bronchoalveolar 

lavagee fluid cells of asthmatic subjects released significantly higher levels of IL-16 than 

thosee of healthy control subjects. Both airway-derived CD8+ and CD4+ T-cell clones were 

ablee to release similar levels of antigenic IL-16. For CD8+ T cells only, a significant 

correlationn was found between antigenic IL-16 and bioactive IL-16. Thus, since airway-

derivedd CD8+ T cells of allergic asthmatic subjects show early in vitro release of bioactive 

IL-166 they may be implicated in the early events after allergen challenge and may initiate 

thee subsequent influx of CD4+ cells. 

Inn chapter 6 we have discussed the possible role of CD8+ T cell modulation for the 

therapyy of asthma and COPD. Abnormalities in CD8+ T cells have been observed both in 

asthmaa and COPD when compared to healthy subjects. In asthma, there appeared to be an 

increasee of the CD8 memory-effector population and a higher perforin expression by CD8+ 

TT cells in the peripheral blood, and a higher production of IL-4 and IL-5 by CD8+ T cells 

inn the bronchial mucosa. In COPD higher (memory-effector) CD8+ T cell numbers have 

beenn found both in the airways and in peripheral blood. It is not clear whether CD8+ T 

cellss are protective or contribute to pathology. Therefore, at present it is clearly impossible 

too formulate valid conclusions as to the possible role of CD8+ T cell modulation for the 

therapyy of asthma and COPD. 

Inn chapter 7 we investigated in a double blind, parallel-group study in patients with 

mildd to moderate asthma the effects of 12 weeks of treatment with inhaled fluticasone 

propionatee (FP) on T cell activation in bronchoalveolar lavage (BAL) fluid and blood. FP 

treatmentt increased the percentage of CD27+ T cells in BAL fluid, indicating a decrease of 

antigen-activatedd T cells. Surprisingly, this effect occurred mainly in the CD8+ T-cell 

population.. Possible explanations are that either allergens react with CD8+ T cells to some 

extentt or that the CD8+ T-cell reactions are secondary. Secondly, FP treatment lowered the 

levelss of sCD27 in the serum of most patients, a systemic effect of the inhaled FP. 

Thee increase of CD27+ T cells in BAL fluid correlated with the decrease of 

eosinophilss in the blood, which may be related to a decrease of antigen-specific activation 

off T cells and a decrease of the production of chemoattractants or chemokines and 

cytokiness that activate eosinophils. The changes of CD8+ T cells in the BAL fluid were 

significantlyy correlated with changes in the permeability of the respiratory membrane for 
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proteins.. This may reflect mechanisms in which CD8+ T cells directly damage airway 

epitheliall cells. FP may inhibit these processes. 

Therapyy of mild asthmatic patients with inhaled glucocorticosteroids decreased T-

celll activation both in BAL fluid and in the systemic compartment. Thus, therapy lowered 

thee activity of the cells that are considered orchestrating the airway inflammation in asthma. 

Futuree therapies in allergic asthma may be successful if they modulate allergen-specific T-

celll activities to prevent symptoms, leaving the immune system intact for its normal 

function. . 

Inn chapter 8 we adapted an immunocytochemical method to be able to 

simultaneouslyy stain both cell surface markers (CD4 and CD8) and intracellular cytokine 

proteinss (IFN-y, IL-4 and IL-5). We applied this technique to (poly)clonal T cells, peripheral 

bloodd mononuclear cells (PBMC) and BAL fluid cells. Cells were used either unstimulated 

orr stimulated for 4 h with 1 ng/ml PMA and 1 fig/ml ionomycin, which proved to be an 

optimall stimulus taking both cytokine staining and cell recovery and cell viability into 

account.. This method allowed detection of intracellular cytokine proteins in both CD4+ and 

CD8++ T cells without the need for stimulating the cells in vitro. This is an important feature 

sincee in vitro stimulation may change the cytokine profile detected. 

Inn chapter 9 we have analysed the effects of segmental allergen challenge (SAC) of 

thee airways on T-lymphocyte activation in allergic asthma (AA) patients and non-allergic 

healthyy control (C) subjects at 4 h after SAC. Lymphocyte subpopulations were measured 

byy flow cytometry in blood and BAL fluid. Intracellular IFN-y, IL-4 and IL-5 proteins were 

analysedd with the immunocytochemical assay described in chapter 8. SAC caused specific 

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

Thesee changes in the BAL fluid of the AA group were accompanied by a decrease of the 

percentagee of CD4+CD27+CD103 + cells in the blood. The changes in the CD27+ 

populationn indicated antigen-specific events. The changes were restricted to the mucosal 

CD103 +TT cells. The increase of the percentage CD4+CD27+CD103+ T cells in BAL fluid 

pointedd to an increase of the percentage naive T cells in this subpopulation. This might 

havee been the result of a migration of antigen-experienced T cells into the mucosal tissue 

and/orr a migration of CD27+ T cells from the blood into the epithelial lining fluid. The 

decreasee of the percentage CD4+CD27+CD103+ T cells in the blood is in line with this 

explanation.. It would be interesting to know the precise events occurring in the tissue. 

Furthermore,, SAC resulted in an increase of IFN-y+CD4+ lymphocytes in BAL fluid 

off AA subjects. These effects were detected in cells that were not stimulated in vitro. The 

increasee of IFN-y+ cells may be related to activation of mast cells in the AA patients. In that 
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wayy the effects described in chapters 2-4 may have their in vivo counterpart. Whether the 

rolee of IFN-y is proinflammatory (e.g. via stimulating TNF-a production by alveolar 

macrophages)) and thus exacerbating allergic inflammation, or downregulatory (dampening 

Th22 reactions) needs further investigation. There are indications that after airway challenge 

ann initial Thl reaction may mediate the subsequent Th2 cell recruitment and Th2 reactions. 

Ourr studies further explored the role of T lymphocytes in the allergic asthmatic 

inflammation.. In vitro, T lymphocytes were modulated by mast cell products to release 

increasedd amounts of cytokines and the chemokine IL-16. In vivo, we detected antigen-

specificc events in the mucosal T-cell populations, higher numbers of cytokine-producing 

TT lymphocytes, and rapid increases of IL-16 in the airways after allergen challenge. Inhaled 

glucocorticosteroidd therapy locally decreased antigen-specific T-cell numbers. Herewith we 

providedd more insight in aspects of local T lymphocyte biology, hopefully helping to 

unravell the complex inflammatory processes in allergic asthma. 
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Samenvatting g 

Astmaa is een chronische ziekte die gekarakteriseerd wordt door periodieke benauwdheid, 

hoestenn en slijm opgeven. De luchtwegen vertonen een verhoogde gevoeligheid voor 

prikkelss zoals kou, mist en rook. In allergisch astma heeft de inademing van specifieke 

stoffenn (zoals huisstofmijt en graspollen, die allergenen worden genaamd) klachten tot 

gevolg,, terwijl in niet-allergisch astma bijvoorbeeld inspanning tot problemen kan leiden. 

Bijj het ontstaan van deze klachten speelt de chronische ontsteking die gevonden wordt in 

dee luchtwegen van patiënten met astma een belangrijke rol. Kenmerken van deze 

chronischee ontsteking zijn de verhoogde aanwezigheid van ontstekingscellen zoals T-

lymfocytenn en eosinofiele granulocyten en een toegenomen uitscheiding van eiwitten door 

dezee cellen in de luchtwegen. 

Vanaff de late jaren 80 wordt het steeds duidelijker dat T-lymfocyten een belangrijke 

immunoregulatoiree rol spelen in de ontstekingsprocessen in astma. Welke subpopulaties 

erbijj betrokken zijn en de factoren die de activiteit van lokale T-lymfocyten in de longen 

regulerenn wordt nog onderzocht. Wij zijn begonnen met het bestuderen van mogelijke 

mechanismenn in vitro. Daarna onderzochten we functies van T-lymfocyten in vivo in de 

luchtwegen.. Condities in de klinisch stabiele situatie werden vergeleken met condities na 

anti-inflammatoiree interventie of na allergeenprovocatie. We hebben een bestaande 

immunocytochemischee methode om intracellulaire cytokinen aan te kleuren uitgebreid om 

zoo de mogelijkheid te hebben om zowel intracellulaire cytokinen als celmembraanmerkers 

aann te kleuren. We gebruikten deze methode om vroege reacties na in vivo 

allergeenprovocatiee te bestuderen. 

Inn hoofdstuk 2 bespraken we verschillende manieren waarop mestcellen effect 

zoudenn kunnen hebben op de cytokineproductie en proliferatie van T-lymfocyten. De 

mogelijkheidd van gesensibiliseerde mestcellen om vroeg na allergeenstimulatie cytokinen 

vrijj te maken maakt hen tot belangrijke kandidaten voor lokale immunoregulatie. Omdat 

gevondenn is dat humane mestcellen mRNA voor IL-4 tot expressie brengen, en ook het 

vrijmakenn van IL-4 eiwit is gedetecteerd, werd gedacht dat ze de differentiatie van T-cellen 

naarr het Th2-fenotype zouden sturen. Echter, studies met humane longmestcellen hebben 

aangetoondd dat ze niet in staat waren om B-lymfocyten aan te zetten tot IgE productie in 

dee afwezigheid van exogeen IL-4. Een ander onderzoek rapporteerde de mogelijkheid van 

mestcellenn om IL-4 eiwit af te breken. De in vivo relevantie van IL-4 productie door 

longmestcellenn vereiste nader onderzoek. 

Onzee eerste resultaten (beschreven in hoofdstuk 3) lieten zien dat humane HMC-1 
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mestcellijn-cellenn in staat waren om de proliferatie en cytokineproductie van een CD8+ T-

celkloonn te beïnvloeden. Geactiveerde mestcellen leken deze kloon naar een duidelijker 

T(helper)T(helper) 1-type reactie te sturen en tegelijkertijd de proliferatie te laten afnemen. Tezamen 

mett deze afgenomen proliferatie zou de toegenomen IFN-y productie kunnen zorgen voor 

eenn negatief terugkoppelingssysteem waardoor mestcellen de allergeen-geïnduceerdeTh2-

reactiess zouden kunnen dempen. 

Inn hoofdstuk 4 werden de effecten die HMC-1-mestcellen hebben op T-lymfocyten 

meerr gedetailleerd bestudeerd. Geactiveerde mestcellen maakten verhoogde hoeveelheden 

IL-6,, IL-8, LTB4, TxB2 en PGE2 vrij. Polyklonale en klonale CD8+ en CD4+ T-lymfocyten 

uitt bloed en luchtwegen reageerden op de toevoeging van geactiveerde mestcellen door 

eenn verhoging van de productie van IFN-y ten opzichte van IL-4. Een verhoging van IFN-y 

mRNAA werd ook gedetecteerd. Deze effecten werden veroorzaakt door oplosbare 

mediatorenn (groter dan 30 kDa) die uitgescheiden werden door de geactiveerde mestcellen. 

Toevoegingg van diverse mediatoren apart kon de stijging van IFN-y die gevonden werd 

wanneerr de T-cellen werden gekweekt met (het supernatant van) de geactiveerde 

mestcellenn zelf niet nabootsen. Dus, een onbekende factor of een combinatie van factoren 

veroorzaaktee de effecten. 

Inn hoofdstuk 5 bestudeerden we het vrijmaken van IL-16, zowel in vivo als in vitro. 

InIn vivo allergeenprovocatie induceerde snelle (5 min en 4 uur) stijgingen in IL-16, 

uitsluitendd in astmatische patiënten. Kortdurende 'm vitro kweken van vers geïsoleerde 

cellenn uit de bronchoalveolaire lavage (BAL)vloeistof van astmatische personen maakten 

significantt meer IL-16 vrij dan die van gezonde controlepersonen. Zowel CD8+ als CD4* 

T-cell klonen afkomstig uit de luchtwegen waren in staat om vergelijkbare niveaus antigeen 

IL-166 vrij te maken. Alleen voor CD8+ T cellen werd een significante correlatie gevonden 

tussenn antigeen IL-16 en bioactief IL-16. Aangezien CD8+ T cellen afkomstig uit de 

luchtwegenn van allergisch astmatische personen in vitro in staat zijn tot het vrijmaken van 

bioactieff IL-16 op vroege tijdstippen na stimulatie, zouden zij betrokken kunnen zijn in de 

vroegee reacties na allergeenprovocatie en zouden de daaropvolgende influx van CD4+ 

cellenn kunnen initiëren. 

Inn hoofdstuk 6 bediscussieerden we de mogelijke rol van modulatie van CD8+ T-

cellenn voor de therapie van astma en COPD. Vergeleken met gezonde personen zijn er 

zowell voor astma als voor COPD afwijkingen gevonden in de CD8+ T-cellen. In astma 

bleekk er een verhoging van de CD8 geheugen-effector populatie te zijn en een hogere 

perforine-expressiee door CD8+ T-cellen in perifeer bloed, en een hogere productie van IL-4 

enn IL-5 door CD8+ T-cellen in de bronchiale mucosa. In COPD zijn er hogere aantallen 
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(geheugen-effector)) CD8+ T-cellen gevonden, zowel in de luchtwegen als in perifeer bloed. 

Hett is niet duidelijk of CD8+ T-cellen beschermende of pathologische effecten hebben. 

Daaromm is het op dit moment onmogelijk om deugdelijke conclusies te formuleren met 

betrekkingg tot de mogelijke rol van modulatie van CD8+ T-cellen voor de therapie van 

astmaa en COPD. 

Inn hoofdstuk 7 onderzochten we in een dubbelblinde, parallelgroep-studie in 

patiëntenn met mild tot matig astma de effecten van een 12 weken durende behandeling met 

geïnhaleerdd fluticasone propionaat (FP) op de T-cel activatie in de BAL-vloeistof en het 

bloed.. Behandeling met FP verhoogde het percentage CD27+ T cellen in de BAL-vloeistof. 

Ditt wijst op een verlaging in antigeen-geactiveerde T-cellen. Verrassend genoeg trad dit 

effectt vooral in de CD8+ T-celpopulatie op. Mogelijke verklaringen zijn dat of allergenen 

tott op zekere hoogte reageren met CD8+ T-cellen of dat de CD8+ T-celreacties secundair 

zijn.. Ten tweede verlaagde behandeling met FP de niveaus van sCD27 in het serum van 

dee meeste patiënten; een systemisch effect van het geïnhaleerde FP. 

Dee verhoging van CD27+ T-cellen in de BAL-vloeistof correleerde met de daling van 

eosinofielee granulocyten in het bloed. Dit kan worden veroorzaakt door een daling van de 

antigeen-specifiekee activatie van T-cellen en een daling van de productie van 

chemoattractantenn of chemokinen en cytokinen die eosinofiele granulocyten activeren. De 

veranderingenn in CD8+ T-cellen in de BAL-vloeistof waren significant gecorreleerd met de 

veranderingenn in de permeabiliteit van het luchtwegmembraan voor eiwitten. Dit zou 

kunnenn duiden op mechanismen waarin CD8+ T-cellen rechtstreeks schade toebrengen aan 

luchtwegepitheelcellen.. FP zou deze processen kunnen remmen. 

Therapiee van patiënten met mild astma met geïnhaleerde glucocorticosteroïden 

verlaagdee activatie van T-cellen zowel in de BAL-vloeistof als in het systemische 

compartiment.. Dus, therapie verlaagde de activiteit van de cellen die beschouwd worden 

dee stuurders te zijn van de luchtwegontsteking in astma. Toekomstige behandelingen van 

patiëntenn met allergisch astma zouden succesvol kunnen zijn als ze de activiteit van 

allergeen-specifiekee T-cellen zo kunnen moduleren dat de symptomen bestreden worden, 

terwijll tegelijkertijd het immuun systeem intact blijft voor wat betreft de normale functies. 

Inn hoofdstuk 8 beschrijven we een aanpassing van een immunocytochemische 

methodee zodat deze ons in staat stelde om tegelijkertijd zowel celoppervlaktemerkers (CD4 

enn CD8) als intracellulaire cytokine-eiwitten (IFN-y, IL-4 en IL-5) aan te kleuren. We hebben 

dezee techniek toegepast op (poly)klonale T-cellen, perifeer bloed mononucleaire cellen 

(PBMC)) en cellen uit de BAL-vloeistof. Cellen werden gebruikt zonder voorafgaande in 

vitrovitro stimulatie of na 4 uur lang gestimuleerd te zijn met 1 ng/ml PMA en 1 u,g/ml 
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ionomycine,, wat een optimale stimulus bleek te zijn als men zowel cytokine-aankleuring 

alss de opbrengst en levensvatbaarheid van de cellen in ogenschouw nam. Met deze 

methodee was het mogelijk om intracellulaire cytokinen aan te kleuren in zowel CD4+ and 

CD8++ T-cellen zonder dat het nodig was deze cellen eerst in vitro te stimuleren. Dit is een 

belangrijkee eigenschap omdat in vitro stimulatie het cytokine-profiel kan veranderen. 

Inn hoofdstuk 9 hebben we de effecten geanalyseerd van segmentele 

allergeenprovocatiee (SAP) van de luchtwegen op de activatie van T-lymfocyten in patiënten 

mett allergisch astma en niet-allergische gezonde controlepersonen op 4 uur na SAP. 

Lymfocytensubpopulatiess werden gemeten met behulp van flow cytometric in het bloed 

enn de BAL-vloeistof. Intracellulaire IFN-y, IL-4 en IL-5 eiwitten werden geanalyseerd met de 

immunocytochemischee methode die beschreven is in hoofdstuk 8. SAP veroorzaakte 

specifiekee effecten in allergisch astmatische patiënten. Het percentage 

CD4+CD27+CD103++ cellen werd verhoogd in de BAL-vloeistof. Deze veranderingen in de 

BAL-vloeistoff van de allergisch astma-groep werden vergezeld van een daling van het 

percentagee CD4+CD27+CD103+ cellen in het bloed. De veranderingen in de CD27+ 

populatiee wezen op antigeenspecifieke gebeurtenissen. De veranderingen waren beperkt 

tott de mucosaleCD103+ T-cellen. De stijging van het percentage CD4+CD27+CD103+ T-

cellenn in de BAL-vloeistof wees op een verhoging van het percentage naïeve T-cellen in 

dezee subpopulatie. Dit zou het resultaat kunnen zijn van een migratie van antigeen-

geactiveerdee T-cellen naar de weefsels en/of een migratie van CD27+ T-cellen van het 

bloedd naar het luchtweglumen. De daling van het percentage CD4 + CD27+CD103+ T-

cellenn in het bloed klopt met deze verklaring. Het zou interessant zijn om de precieze 

gebeurtenissenn in het weefsel te kennen. 

Verderr resulteerde SAP in een verhoging van IFN-y+CD4 + lymfocyten in de BAL-

vloeistoff van personen met allergisch astma. Deze effecten werden gedetecteerd in cellen 

diee niet in vitro waren gestimuleerd. De verhoging van IFN-y+ cellen zou gerelateerd 

kunnenn zijn aan de activatie van mestcellen in de patiënten met allergisch astma. Zo 

zoudenn de effecten beschreven in de hoofdstukken 2-4 hun in vivo tegenhanger kunnen 

hebben.. Om te kunnen zeggen of de rol van IFN-y proinflammatoir is (bijvoorbeeld via het 

stimulerenn van de productie van TNF-y door alveolaire macrofagen) en zo de allergische 

ontstekingg verergert, of juist de ontsteking vermindert (door het dempen van Th2 reacties) 

moett nog nader onderzocht worden. Er zijn aanwijzingen dat na provocatie van de 

luchtwegenn een initiële Th1 reactie de daaropvolgende recrutering van Th2 cellen en Th2 

reactiess tot gevolg kan hebben. 
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Inn onze studies deden we nader onderzoek naar de rol van T-lymfocyten in de allergisch 

astmatischee ontsteking. In vitro werden de T-lymfocyten gemoduleerd door 

mestcelproductenn en produceerden verhoogde hoeveelheden cytokinen en de chemokine 

IL-16.. In vivo detecteerden we antigeen-specifieke effecten in de mucosale T-celpopulaties, 

hogeree aantallen cytokineproducerende T-lymfocyten, en snelle stijging van IL-16 in de 

luchtwegenn na allergeen provocatie. Therapie met geïnhaleerde glucocorticosteroïden 

verlaagdee lokaal de aantallen antigeen-specifieke T-cellen. Hiermee gaven we meer inzicht 

inn aspecten van de biologie van lokale T-lymfocyten. We hopen hiermee een steentje te 

hebbenn bijgedragen aan het ontrafelen van de complexe ontstekingsprocessen in allergisch 

astma. . 
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AA A 

APC C 

A2M M 

BAL(F) ) 

BMMC C 

C C 

cpm m 

CD D 

COPD D 

EDTA A 

ELISA A 

FEV, , 

FITC C 

FP P 

FVC C 

GCS S 

GM-CSF F 

HMC-1 1 

IFN N 

lg g 
IL L 

IMDM M 

IVC C 

LAR R 

LPS S 

mAb b 

MHC C 

MIF F 

MtP P 

MWU U 

mRNA A 

NMS S 

allergicc asthma 

antigenn presenting cell 

a2-macroglobulin n 

bronchoalveolarr lavage (fluid) 

bonee marrow-derived mast cells 

healthyy control 

countss per minute 

clusterr of determination 

chronicc obstructive pulmonary disease 

ethylenediaminee tetraacetic acid 

enzyme-linkedd immunosorbent assay 

forcedd expiratory volume in 1 second 

ff I uorescei n-isoth iocyanate 

fluticasonee propionate 

forcedd vital capacity 

glucocorticosteroids s 

granulocytee macrophage-colony stimulating factor 

humann mast cell line-1 

interferon n 

immunoglobulin n 

interleukin n 

Iscove'ss modified Dulbecco's medium 

inspiratoryy vita! capacity 

latee phase asthmatic response 

lipopolysaccharide e 

monoclonall antibody 

majorr histocompatibility complex 

macrophagee migration inhibitory factor 

macrophagee inflammatory protein 

Mann-Whitneyy U test 

messengerr ribonucleic acid 

normall mouse serum 
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PBAA phosphate buffered saline supplemented wi th bovine serum albumin 

PBMCC peripheral b lood mononuclear cells 

PBSS phosphate buffered saline 

PC20histaminee provocative concentration of histamine required to cause a fall in FEV, 

off at least 2 0 % 

PEE phyco-erythr in 

PGE22 prostaglandin E2 

PHAA phytohaemagglutin-A 

PMAA phorbol myristate acetate 

RCEE relative coefficient of excretion 

RASTT radio-allergo-sorbent-test 

rpmm rounds per minute 

RSVV respiratory syncytial virus 

ss soluble 

SACC segmental allergen challenge 

Sbb salbutamol 

SCFF stem cell factor 

Thh T helper 

TNFF tumor necrosis factor 

W RR W i l c o x o n matched pair signed rank test 
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jouu waren onvergetelijk. Mijn voorganger Frans Krouwels wil ik in het bijzonder bedanken 

voorr het samen filosoferen over de T-cel. Op de basis van jouw werk heb ik weer verder 

kunnenn borduren. 

Chriss van der Loos heel hartelijk bedankt voor alle hulp bij het verder ontwikkelen van de 

dubbelkleuring-techniek. . 

Jacquelienn van der Vlies bedankt voor alle secretariële ondersteuning, zeker ook in de 

laatstee fase van dit proefschrift. 

Renéé Lutter bedankt voor het meedenken tijdens werkbesprekingen en tussendoortjes en 

ookk voor het kritisch lezen van een aantal manuscripten. 

Dee promotiecommissie wil ik bedanken voor hun bereidheid om dit proefschrift te 

beoordelen. . 

Hett Nederlands Astma Fonds, bedankt voor de financiële ondersteuning van dit 

onderzoeksproject. . 

Tott slot wil ik de mensen aan het thuisfront heel hartelijk bedanken voor alle steun. Zeker 

naa de geboorte van Iris en Nathan had ik het zonder jullie oppashulp nooit gered. Lieve 

Arie,, (schoon)pa en (-)ma, Vincenza en buurvrouw Iris: bedankt voor alle goede zorgen! 
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Ikk ben geboren op 15 april 1970. In 1988 behaalde ik het Atheneum B-diploma aan de 

Rijksscholengemeenschapp Goeree-Overflakkee te Middelharnis. Datzelfde jaar begon ik 

mijnn studie Zoötechniek aan de Landbouw Universiteit te Wageningen. In 1989 haalde ik 

mijnn propaedeuse cum laude. Ik koos de oriëntatie Veehouderij en de specialisatie 

Gezondheids-- en ziekteleer. Mijn eerste afstudeerscriptie schreef ik op het gebied van de 

agrarischee bedrijfseconomie. Daarna vertrok ik voor 6 maanden naar Costa Rica om daar 

eenn gecombineerde stage/afstudeeropdracht te doen op het gebied van de epidemiologie. 

Tijdenss deze stage werd ik (in het Spaans!) ingewijd in de ELISA, een laboratoriumtechniek 

diee ik later gedurende mijn promotieonderzoek veelvuldig zou toe passen. Weer terug in 

Nederlandd deed ik een afstudeeropdracht op het gebied van de immunologie aan de 

faculteitt Diergeneeskunde van de Rijksuniversiteit Utrecht. Na nog een korte stage voor het 

ministeriee van Landbouw behaalde ik in januari 1994 het doctoraalexamen cum laude. In 

verbandd met een langdurende vacaturestop bij het ministerie van Landbouw ging ik als 

uitzendkrachtt aan de slag op hun onderzoeksinstituut IMAG, alwaar ik gedurende 5 

maandenn een Technology Assessment-studie uitvoerde. Inmiddels werd mij duidelijk dat 

err voorlopig in de landbouw geen toekomst was voor nieuwe onderzoekers, waarna ik 

solliciteerdee naar de baan van projectmedewerker 3e geldstroom op de afdeling 

Longziektenn in het Academisch Medisch Centrum te Amsterdam. Ik werd aangenomen en 

vanafvanaf juni 1994 verrichtte ik ruim 4 jaar lang onderzoek naar de rol van T-lymfocyten in 

astma.. In 1997 won ik de eerste prijs van de Young Investigator's Award van de European 

Respiratoryy Society. Ondanks dat mijn proefschrift nog verre van afgerond was begon ik in 

oktoberr 1998 als wetenschappelijk medewerker diergezondheidszorg bij het Landbouw 

Economischh Instituut. Dat en de geboorte van mijn kinderen Iris en Nathan zorgde ervoor 

datt de verschijning van dit proefschrift even op zich heeft laten wachten. Sinds de geboorte 

vann Iris combineerde ik het moederschap met diverse soorten vrijwilligerswerk en het 

afrondenn van dit proefschrift. 
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Stellingenn behorende bij het proefschrift: 
'In'In vitro and in vivo modulation of T lymphocytes from allergic asthmatic subjects' 

1.. Classificatie van de allergische ontsteking in astma als een T helper 2-
gemediëerdee ziekte is te simplistisch (dit proefschrift en W.W. Busse et al., 
NN Engl J Med 344: 358). 

2.. Oplosbare producten van HMC-1 mestcellen stimuleren de productie van IFN-
gammaa door T-lymfocyten (dit proefschrift) 

3.. In vivo allergeenprovocatie van de luchtwegen van patiënten met allergisch astma 
kann reeds na 5 minuten in verhoogde niveaus van IL-16 in de bronchoalveolaire 
lavagee vloeistof resulteren(dit proefschrift). 

4.. Alleen in de supernatanten van CD8+ T-lymfocyten (en niet in die van CD4+ T-
lymfocyten)) correleren de hoeveelheden antigeen en bioactief IL-16 (dit 
proefschrift). . 

5.. De behandeling van patiënten met een milde vorm van astma met inhalatie-
corticosteroïdenn heeft invloed op de antigeen-specifieke subpopulaties van T-
lymfocyten,, zowel in de luchtwegen als in het perifere bloed (dit proefschrift). 

6.. Met de immunocytochemische dubbelkleuring is het mogelijk intracellulaire 
cytokinenproductiee te detecteren zonder dat het nodig is de cellen eerst in vitro te 
stimulerenn (dit proefschrift). 

7.. Alleen bij cellen uit de bronchoalveolaire lavagevloeistof die niet in vitro 
gestimuleerdd zijn is er een effect meetbaar van segmentele allergeen provocatie 
opp intracellulaire productie van IFN-gamma (dit proefschrift). 

8.. Het rekruteren van proefpersonen voor het ondergaan van een dubbele 
bronchoalveolairee lavage vereist naast een psychologische aanpak de 
mogelijkheidd tot het aanbieden van een flinke financiële vergoeding. 

9.. Het werken in de omgeving van artsen die onderzoek doen naar astma verhoogt 
dee incidentje van deze aandoening onder het laboratoriumpersoneel. 

10.. Ongelovigen die menen iets over de kwaliteit van de Matteüspassie te kunnen 
zeggen,, zijn als geheelonthouders die zich een oordeel over een Chateau 
Margauxx aanmatigen (Pieter Nouwen in 'Het negende uur'). 

11.. Alhoewel de legalisatie ervan anders doet vermoeden is prostitutie voor de 
meestee vrouwen geen vrije keuze. 

12.. De meest fervente voorstanders van de evolutietheorie zijn zij die er het minst 
vann afweten. 

Francinaa Huijsen, november 2001 
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