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Abstract 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. 

Introduction 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. 

Materiall and Methods 

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% 

co2. . 
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. 

OUT T 

^ ^^ resting 
11 stimulated 

EE 20-
O) ) 

00 40000 80000 120000 160000 
Numberr of HMC-1 cells added/well 
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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) 

Stimulus 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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Figuree 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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Figuree 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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Figuree 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. 

Discussion 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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