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The late asthmatic response is associated with baseline
allergen-specific proliferative responsiveness of peripheral
T lymphocytesan vitro and serum interleukin-5
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Summary

Background Increasing insights into the mechanism underlying the allergen-induced late
asthmatic response (LAR) have been gained with implication of activated eosinophils and
CD4" T lymphocytes. However, the patient characteristics that indicate the individual
capacity to develop a LAR are not well-defined.

Methods In 22 subjects with mild to moderate house dust mite-allergic asthma, we
investigated the relationship between the LAR and two other models of late-phase allergic
inflammation, i.e. the allergen-specific proliferative response of peripheral blood T
lymphocytesin vitro and the late cutaneous response. Non-specific bronchial responsive-
ness (PGghistamine), lung function (FEY, peripheral blood eosinophil count, early phase
allergic skin sensitivity, and levels of total and specific immunoglobulin E (IgE) were
determined prior to bronchial allergen challenge. Serum levels of interleukin-5 (IL-5) were
measured before and at several time points after allergen inhalation.

Results A significant correlation was found between the magnitude of the LAR and the
allergen-specific proliferative response of peripheral T lymphocyteX44,P = 0.04) but

not the late cutaneous response. Stepwise-multiple linear regression of the magnitude of the
LAR on the parameters analysed at baseline, resulted in a model combinigigift@mine,

early phase allergic skin sensitivity, and the allergen-specific proliferative response of
peripheral T lymphocytesRé =0.84, P<0.001). No contribution of the late cutaneous
response to the prediction of the LAR was found. Serum levels of IL-5 increased
significantly at 6 h P=0.01) and 24 h®P=0.003) after bronchial allergen challenge and
correlated with the allergen-specific proliferative response of peripheral T lymphocytes
in vitro (o =0.48,P=0.02).

Conclusions The findings in this study point to a role of TH2-lymphocyte responses in the
development of the allergen-induced LAR. In allergic asthmatic patients, allergen-specific
responsiveness of peripheral T-lymphocyitesitro may serve as a model to determine the
individual capacity to develop a LAR after allergen inhalation.
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Introduction

Correspondence: J. S. van der Zee, Academic Medical Center, University oéfter bronchial allergen challenge of appropriately sensitized

Amsterdam, Department of Pulmonology, F4-208, PO Box 22700, 110¢°atients, an early and a late phase bronchial obstructive
DE Amsterdam, The Netherlands. response can occur [1]. The early asthmatic response (EAR)

© 1999 Blackwell Science Ltd 217
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is found 10 min after allergen inhalation and is considered tqDermatophagoides pteronyssinusve investigated the

be predominantly the result of immunoglobulin (IgE)- allergen-induced LAR in relationship with the allergen-
mediated mast cell activation with subsequent mediatospecific proliferative response of peripheral T lymphocytes
release and bronchial smooth muscle cell stimulation [2]in vitro and the late cutaneous response. The role of
In some patients, the EAR can be succeeded by a latthese and other baseline patient characteristics (i.e. non-
asthmatic response (LAR) that develops from approxi-specific bronchial hyperresponsiveness, peripheral blood
mately 4 h after allergen inhalation [1]. LAR is found to eosinophil count, allergic sensitivity, baseline lung func-
be related to late inflammatory changes in the bronchial waltion) in the prediction of LAR was determined by using
with influx of activated eosinophils and T lymphocytes multiple linear regression. As both LAR and the late
[3-5]. These histological characteristics of LAR resemblecutaneous response will depend on the extent of the
those found in spontaneous-occurring asthma [6,7]. Moreimmediate allergic reaction, early phase allergic responses
over, LAR is associated with the induction of bronchial in the skin and airways were standardized to be within
hyperresponsiveness, which is a hallmark of asthma [8], andarrow range by titration of the allergen dose. Serum levels
a LAR is found significantly more often in patients suffering of IL-5 were measured at baseline and at several time
from allergic asthma compared with patients with allergicpoints after bronchial allergen challenge because IL-5
rhinitis [9]. Hence, as a model, LAR has received increasingappears to be a main pro-inflammatory cytokine involved
interest, especially with respect to the pathogenesis ofi LAR which is predominantly produced by CD4T
allergic asthma [1]. cells [11,25,26].

There are strong indications for the role of CDR
‘helper’ lymphocytes (TH cells) in the development of
bronchial eosinophilia that characterizes LAR [1,3,4]. A
subset of TH cells (TH2 cells), next to their essential role for
isotype switching of B cells for the production of IgE [10],
can produce cytokines with specific pro-inflammatory Twenty-two subjects with mild to moderate asthma [27] (10
effects on eosinophils [i.e. interleukin 5 (IL-5)] [11,12]. In female; mean age: 27.1 years, range 18-45 years) were
cultures of peripheral blood mononuclear cells (PBMi@is) investigated by the same investigator (MV). All patients
vitro, CD41 T lymphocytes have been found to be thewere sensitized to house dust mite. (pteronyssinusas
predominant proliferating cells. Hence, PBMC culture determined by skin prick test and radioallergosorbent test
assays have extensively been used as a model to determi(RRAST). Patient characteristics are in Table 1. All subjects
the responsiveness of peripheral CD® lymphocytes to  were investigated in a stable phase of their disease and had a
allergen [13—15]. Higher proliferative responses to allergerforced expiratory volume in 1 s (FEY= 70% of predicted
have been found in atopic asthmatic patients, compared withn all study days. Medication by oral antihistamines,
non-atopic controls or atopic patients without symptoms ofinhalation therapy with short-acting3,-adrenoceptor
asthma [13-15], which can be attributed to higher frequenagonists and corticosteroids was ceased 1 week, 12h and
cies of peripheral allergen-specific T lymphocytes [16]. In6 weeks prior to allergen challenge, respectively. None of
allergic patients, the responding allergen-specific T cells irthe patients had received house dust mite-specific immuno-
PBMC cultures appear to be TH2 ‘skewed’ with pre- therapy. Patients did not have a history of respiratory tract
dominant production of cytokines as IL-4 and IL-5 but not infection or obvious changes in allergen exposure for at
interferony [17-19]. Recently, this cytokine producing least 6 weeks prior to allergen challenge. Concomitant
response of peripheral allergen specific TH2 lymphocytesnhalant allergies were determined by RAST and patients
has been found to correlate with disease severity [15,19kensitized to grass or tree pollen were investigated outside
We therefore postulated that in well-defined allergicthe relevant pollen season. The study was approved by the
asthmatic patients, the allergen-specific responsiveness 8iMC Medical Ethical Committee and written informed
peripheral TH lymphocytes may indicate the individual consent was obtained from all patients.
capacity to develop LAR, as was shown in relationship
with EAR by others [20].

Another potential model of the late-phase allergic
response in the airways is the late cutaneous respong&n acetone precipitated house dust mite (HDM) extract was
[21,22]. Several histological similarities between the latederived from aD. pteronyssinugulture (ALK, Harsholm,
cutaneous response and LAR have been described [23,24)enmark) and the same batch was applied in all assays
However, a relationship between the capacity to develop &itro andin vivo described in this study. The HDM extract
late allergic response in the skin and airways is uncertain.was freeze dried, diluted in sterile phosphate-buffered saline

In asthmatic patients sensitized to house dust mitdPBS) and stored in- 70°C before use. The content of

Materials and methods

Study subjects

House dust mite extract
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HDM major allergens (i.e. Der p 1 and Der p 2) was Bronchial histamine challenge
determined by radioimmunoassay as described elsewhe
[28] and found to be 65.29 Der p 1/mg and 17.fg Der p

2/mg. The concentration of endotoxin was measured b
using a Limulus amoebocyte lysate assay (Endosaf

Btonchial histamine challenge was performed 48 h before
allergen challenge according to the 2-min tidal breathing
¥nethod as described by Stegk al. [29]. A DeVilbiss 646

e X
febulizer attached to a three-way valve box was used,
Charleston, SC, USA) and found to kd ng/mg. For use calibrated to an output of 0.13mg/min (flow 5.8L/s).

in allergen challenge procedures, the HDM extract Waﬁ\lon-s ecific bronchial responsiveness was expressed as
diluted to a 1:10 stock solution in PBS, 0.03% HSA, 0.5% P . . : P ) ) P
the concentration histamine diphosphate in PBS (range,

phenol (ALK Be_nelux, Groningen, The Netherlands) and0_015_32 mg/mL) causing a 20% fall in FEMPCy
stored for a maximum of 3 months at@. On the day before : ! . )
. o histamine) as calculated by log-linear interpolation. In
each allergen challenge, series of twofold dilutions of the, . . .
i : . _two patients (patients 21 and 22), Rhistamine before
allergen preparations were made from this stock solution
i A allergen challenge exceeded the upper threshold value and
using the same dilution buffer.

64 mg/mL was used for analysis.

Bronchial allergen challenge PBMC proliferation assay

Bronchial allergen challenge was performed as described byhe test was performed as previously described [31].
Sterket al. [29] by using an aerosol delivery system with & Heparinized blood was obtained by venepuncture 24h
large-volume aerosol reservoir [30]. An allergen aerosohefore allergen challenge. PBMCs were isolated by density
was generated from a 0.5 mL sample with a highly efficientcentrifugation on Lymphoprep (Nycomed, Torshov,
nebulizer (Mallinckrodt Diagnostica, Petten, The Nether-Nonway) and washed three times in Hanks’ Balanced Salt
lands) into a collapsible reservoir of approximately 30L, sojution (HBSS) with 2.5% fetal calf serum plus supplier
made of static field dissipative material (RCAS 1206, Hyclone, Logan, UT, USA). PBMCs were resuspended in
Richmond Redlands, CA, USA). Subsequently, the entirqscove’'s modified Dulbecco’s medium (IMDM; Gibco,
volume of the reservoir was inhaled by tidal breathing inpajsiey, UK), supplemented with 5% pooled, complement-
approximately 3 min through a three-way valve system withinactivated normal human serum and gentamycin«g0

the nose clipped. The starting dose for allergen challengg; puchefa, Haarlem, The Netherlands). Proliferation of
was determined by the relation between skin-prick tesf_px 10° cells/well was assayed in a 96-well flat-bottom
threshold and P&histamine [29]. Doubling doses of aller- ¢yjtyre plate after 6 days of culture in the presence of
gen were inhaled with 10 min intervals until a fall in FEV  stimulants at 37 C in a humidified atmosphere containing
=20% (best of two measurements) relative to baselingo, cq, Stimulants used were doubled concentrations
FEV, (mean of three measurements within 5%) occurredsf HDM extract (concentration in well, 0.2—3@/mL),
10min or 20 min after inhalation, as measured with a dryc, albicans(concentration in well, 1@g/mL) and tetanus
rolling-seal spirometer (SensorMedics BV, Bilthoven, Theoxoid (concentration in well, 1.5 Lf/mL). The cultures were
Netherlands). If the FEYdropped between 15-20%, the terminated by a 16h3H]TdR-pulse (Amersham Inter-
last dose of allergen was administered again, in an effort tgational, Amersham, UK). Subsequently, the incorporation
keep the EAR within narrow range. After the final dose of of [34]TdR was determined by liquid scintillation spectro-
allergen, FEV was measured every 10min up to 60 min gcopy. Proliferation at each stimulus concentration was
(t=60min) and at 90 mint¢& 90 min). Subsequently, FEV  expressed as the stimulation index (SI) representing the ratio
was measured hourly until 13h after allergen inhalationof mean counts/min of triplicate cultures to the mean counts/
(t=13h) with a portable spirometer (Micromedical Diary- min as found in triplicate cultures in the absence of antigen.
card, SensorMedics BV, Bilthoven, The Netherlands). The

day before allergen challenge, a control bronchial challeng . .

was performed with three volumes of diluent (PBS, 0.03%%erum IL-5 measurements and blood eosinophil counts
HSA, 0.5% phenol; ALK Benelux, Groningen, The Nether- Venepuncture was performed at five time points; 24h
lands) and diurnal variation in FEMvas determined. The before, and 0.5h, 6h, 24h and 7 days after inhalation of
temporal bronchial response to allergen was expressed #se last dose of allergen. Total and differential leucocyte
the percentage change from baseline FE¥¢ measured counts were performed in etyhylenediaminetetraacetic
with the corresponding spirometer and corrected for diurnahcid—blood by using an automated fluorometric method
variation in FEV] as found after control challenge. The area(H3-RTX, Bayer-Technicon, Tarrytown, NY, USA). Fil-
under the curve (AUC) [29] was calculated fram= 1 min  tered serum samples were obtained after 1 h of clotting on
to t=60min for the EAR (AUGaRr) and fromt=6h to  glass at room temperature, centrifugation for 10 min at
t=12h for the LAR (AUG aR)- 1000g, to be stored at— 20°C. Measurement of IL-5
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levels in the serum samples was performed by using a specifiEEVmaxzar, —28.7 b 7.5)%; mean AUGar, 20.1
solid-phase sandwich enzyme-linked immunosorbent assggp 6.0) AFEV; xh] (Fig. 1, Table 2). By contrast, large
as described elsewhere (detection level, 1 pg/mL) [32].  variability in the magnitude of the late asthmatic response
(LAR) was found [meanAFEVimaxar, —41.8 6D
Total and specific IgE 26.2)%; mean AUGCar, 185.6 ép 140.2) AFEV;xh]

. . Fig. 1, Table 2), with 17 (77%) patients having a definite
Total IgE levels in the serum samples obtained 24 h befor%AR (i.e. AFEVimax ag = 15%). The mean peripheral

allergen challenge were measured as described before [28], . : : .
o . ; osinophil count increased after bronchial allergen chal-
Specific IgE levels were determined by using the RAST . - ! .
lenge with a significant peak at 24 h relative to baseline

[28]. In the RAST, 2Q.g HDM extract was bound to solid meanA eos, 66.2 (95% confidence interval, 36.0—96.4)%]

phase (CNBr-activated Sepharose 4B; Pharmacia, Uppsal ig. 2). Levels of IgE directed to the HDM extract used for
Sweden). RAST results were expressed as the mean of ; .
ronchial challenge, were found to be within a range of

duplicate measurements IU/mL using a standard wit ; .
L o : ree orders of a magnitude for the group of patients
mouse/human chimeric antibodies directed to Der p 2 an . :
. ; ; ) nalysed [median IgE anti-HDM, 19.9 (range 1.0-528.7)
house dust mite solid phase, calibrated against the Worl ) .
o ; /mL] (Table 1). After a standardized and similar early
Health Organization standard (detection level 0.11U/mL) .
cutaneous response [mean diameter (weal), 155(9)

[33]. mm, n=20], late cutaneous responses were found in all
patients tested [mean diameter, 46 11.3) mm,n=20]
(Table 2). In the PBMC proliferation assay, the highest
Intracutaneous tests (ICTs) with series of tenfold dilutionsproliferation rate was found with one of the three top
of the allergen preparation used for bronchial challengeoncentrations of HDM extract used in each patient tested
were performed on the day before allergen challenge afesults not shown). For analytical purposes, we applied the
described before [28]. The longest (A) and orthogonal (B)mean Sl as found on these three concentrations (SI mean)
weal and flare diameters were determined at 15 min andlTable 2). Similar results were found when the highest SI,
mean diameters were calculated as{®)/2. In 20 patients, the Sl found on any of the three top concentrations, or the
late cutaneous responses were investigated on the allergenlculated threshold concentration of HDM extract for
concentration of a factor 100 above the lowest allergerobtaining a Sl of three was used in bivariate correlation
concentration eliciting a skin reaction with surroundingand multiple linear regression (results not shown). The
erythema. After 6 h, the late cutaneous response was deteBpearman rank correlation between Sl mean and threshold
mined as the area of erythematous skin induration [22] andoncentration for S& 3 was 0.92.

expressed as the mean diameter, calculated as described

above. The early phase ICT allergen-threshold concen- . .
tration (ICT threshold) eliciting a flare diameter of 10mm | rediction of the LAR

Intracutaneous test

was calculated by log-linear interpolation [28]. For analysis of relationships with LAR, the area under the
curve (AUG ar) Was used as a more appropriate parameter
Statistical analysis for the extent of LAR as compared with the maximal fall in

Statistical analysis was performed by using SPSS 6.1 sof FEV. (A FEVimaXx ). However, associations as found in
ivariate correlation and multiple linear regression were

ware (Chigaco, IL, USA). Relations between normally even more pronounced when the latter parameter was used
distributed data (after log-transformation where applicable) P P

. ) . . {results not shown). In some allergen challenges-7),
were determined by using parametric correlation (Pearson . . ;
. . ) ST inhalation of a short-actin§>-adrenoceptor agonist (salbu-
r) and stepwise multiple linear regressioR-l{mits: in

<0.05, out>0.1). Differences between IL-5 levels were tamol) was required during the LAR, but never before
. . - , . t=10h and the last FEV measured before intake was
determined using Friedman’s non-parametric repeated

measures test and correlations with IL-5 data by usin used for evaluation of later time points. Analysis of LAR

. ) Yefined as area under the curve from 6-10h after the
rank-correlation (Spearmand. All P-values corresponded : .
1o two-tailed tests. challenge, excluding extrapolated data from patients who

received rescue medication, gave identical results. In addi-
tion, exclusion of the two patients with extrapolated
PCyohistamine values X32mg/mL) from the group of

All patients tolerated the bronchial allergen inhalation patients analysed (i.e. patients 21 and 22) resulted in similar
challenge without complication. As a result of careful findings as presented in the following section.

allergen titration during bronchial allergen challenge, A strong association was found between the Akkcand
variability in the magnitude of EAR was small [mean the degree of non-specific bronchial hyperresponsiveness

Results

© 1999 Blackwell Science LtdClinical and Experimental Allergy29, 217—-227
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prior to bronchial allergen challenge (log Rffistamine, C. albicans tetanus toxoid), to the model was found,

r=-—0.78,P<0.001) as well as the allergen threshold doseindicating an allergen-specific response as detected in the

for the EAR (log PDyallergenr = — 0.68,P=0.001). The = PBMC proliferation assay (results not shown).

latter as the result of the recognized strong relationship

between Pbpallergen and Pgyhistamine (=0.71,

P<0.001). A significant correlation was found between

the magnitude of LAR and the index of allergen-specificAt both baseline and=0.5h, serum levels of IL-5 were

lymphocyte proliferation as found in the PBMC assay (logabove detection level>(1pg/mL) in only two patients

SI mean r=0.44, P=0.04). Furthermore, significant (patients 2 and 3) (Fig. 3). In contrast, &&=6h and

bivariate correlations were found between the AWE t=24h, serum IL-5 levels were detectable in eight and 11

and the magnitude of the EAR (AUWkr, r=0.47, patients, respectively, and found to be significantly

P =0.03) and indices of IgE-mediated hypersensitivity toincreased relative to baseline=6h, P=0.01; t=24h,

HDM (log IgE anti-HDM, r=0.46, P=0.03, log ICT P=0.003). After 7 days, the serum IL-5 levels were below

threshold r=—0.47, P=0.03). By contrast, no correla- detection level in all but one patient. Significant rank-

tions (i.e.r <0.15) were found between the AYgs and the  correlations were found between IL-5 levelstat 24 h and

magnitude of the late cutaneous response, the baseline blobdth the Simeanr&0.48, P=0.02) and the AUGC\r

eosinophil count, the level of total IgE (log total IgE), and (r =0.44, P=0.04). In contrast, no rank-correlations were

baseline lungfunction (FEWA6 predicted). found between IL-5 levels at=24h and both absolute
Stepwise-multiple regression with all baseline parametergosinophil count or the increase in peripheral eosinophils

resulted in a model for the prediction of the magnituderelative to baseline observed at this time point(Q.19,

of LAR combining PGghistamine, SImean, and ICT- P=0.40;r=0.26,P =0.24, respectively).

threshold (Table 3). This model was confirmed by using

forward and backward regression. Allergen threshold dos%lscussmn

(log PDygallergen), early reaction (AU R), specific and

total IgE (log IgE anti-HDM, log total IgE), baseline lung In this study, we investigated the allergen-induced LAR in

function (FEW% pred.), baseline blood eosinophil count allergic asthmatic patients in relationship with two other

and magnitude of the late cutaneous response had nuoodels of late phase allergic inflammation, i.e. the allergen-

additional contribution to the prediction of LAR. In addi- specific proliferative response of T lymphocytewitro and

tion, no contribution of the Sl on the control stimulants (i.e. the late cutaneous response. The contribution of these and

Serum interleukin-5

© 1999 Blackwell Science LtdZlinical and Experimental Allergy29, 217-227
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Fig. 2. Peripheral eosinophil counts relative
_ to baseline at several time points after
Time after allergen challenge inhalation of the last dose of allergen
(n=22).

other baseline patient characteristics (i.e. non-specific brorregression, a model was found comprising,gtistamine,
chial hyperresponsiveness, peripheral blood eosinophthe allergen-specific proliferative response of peripheral T
count, allergic sensitivity, baseline lung function) to the lymphocytes and an index of IgE-mediated hypersensitivity
prediction of LAR was assessed using multiple linear(i.e. skin test allergen threshold) that explained 84% of
regression. In addition, serum levels of IL-5 were deter-variation in the AUGar. By contrast, no contribution of the
mined at several time points after bronchial allergenextent of the late cutaneous response to the prediction of the
challenge. LAR was found. The regression model for prediction of
In line with previous reports [21,34], a strong relationshipthe LAR as proposed by Crinat al. [34], combining non-
was found between the extent of the allergen-induced LARspecific airway hyperresponsiveness, serum specific IgE,
(i.e. area under the curve, AYg&r) and the degree of non- and baseline airway calibre, was confirmed in the present
specific bronchial responsiveness ggistamine) prior to  study (resulting modeR? = 0.78,P<0.001,n= 22). How-
allergen challenge. Interestingly, a significant associatiorever, using Akaike Information Criteria [35], this model was
was found between the AUz and an index of the found to be inferior to our model that was found by stepwise
proliferative responsiveness of peripheral T lymphocytesegression.
to allergenin vitro. By using stepwise multiple linear Our finding of an association between LAR and the
allergen-specific proliferative response of peripheral blood
lymphocytesin vitro is in accordance with the study of
Table 3. Stepwise multiple linear regression of the LAR Wasermanret al. [36] who found a similar association in
ovalbumin-sensitized rats. It suggests a role of allergen-
induced T lymphocyte responses in the genesis of the LAR,

Dependent variable: AUGRr

Independent variables Bd) 8 ) which is in accordance with mechanisms underlying the
LAR that are postulated by several investigators (recently

Constant 32.8 (40.0) reviewed by Bentlewt al. [1]). Activation of CD4" T cells

Log PGy histamine —126.3(17.1)-0.71 <0.001 has been described in the airways of allergic asthmatic

Log SI mean 100.9 (29.7) 0.33 0.003 individuals that developed LAR after allergen inhalation

Log ICT threshold —51.7 (16.5)—-0.31 0.006 [4]. Moreover, after the exposure to allergen egress of
peripheral CD# lymphocytes into the airways has been

Model: R? = 0.84; R? adjusted= 0.81; P<0.001,n=22. described [37-39]. There are strong indications that in

AUC, area under the curve; LAR, late asthmatic responsepPD allergic individuals the allergen-specific CDAT cells

histamine, concentration of histamine resulting in fall of 20% in belong to the TH2 subtype [7]. These TH2-cells may
FEV;; ICT threshold, intracutaneous test allergen threshold; Skspecifically contribute to the local recruitment and
mean, mean stimulation index with house dust mite extract. activation of eosinophils through their production of the
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Fig. 3. Serum levels of IL-5 at several time -
points relative to allergen inhalation. The Baseline 0.5 hrs 6hrs 24 hrs 7 dys

number of measurements below detection

level are indicated at each time point . f I hall
(n=22). Time after allergen challenge

eosinophil active cytokines IL-3, IL-5 and granulocyte- suggested that qualitative variations in allergen-specific T-
macrophage colony-stimulating factor [11,12]. There iscell reactivity (i.e. cytokine profiles) as opposed to differ-
accumulating evidence to show that IL-5 especially isences in the quantitative response (i.e. proliferation rate)
important in the development of the eosinophilic inflamma-will ultimately reflect allergic responder phenotype [19].
tory response that characterizes LAR [25,26]. In the preserithis was underscored by the finding of proliferative
study, we found an increase in serum IL-5 at 6 and 24 h afteresponses of peripheral T lymphocytes after stimulation
allergen inhalation. This is in line with a recent report of anwith allergen in up to 100% of subjects, irrespective of
increase in IL-5 in induced sputum obtained 24 h afteratopic status using serum-free culture medium [44]. How-
bronchial challenge [40]. The rise in serum IL-5 correlatedever, in allergic individuals, the allergen-specific response
significantly with the allergen-specific proliferative of T lymphocytes can be considered qualitatively similar
response of peripheral T lymphocytgsvitro, suggesting (i.e. ‘TH2 skewed’) with the predominant production of
a role of activated TH2-type lymphocytes as the cellularcytokines as IL-4 and IL-5 but not IFN{15,17,19,45]. The
source of this IL-5n vivo. A possible relationship between proliferative response as determined in the present study
activated CDZ4 T lymphocytes and serum IL-5 was may therefore express the individual responsiveness of
described previously in patients with exacerbations ofallergen-specific T cells quantitatively.
asthma [41]. However, it should be noted that several In a study by Boulett al. [21], a relationship was found
other structural components present in the airways obetween the capacity to develop a late cutaneous response
allergic asthmatic individuals can produce IL-5 upon sti-and the ability to develop LAR after allergen inhalation. In
mulation with allergen, including mast cells, fibroblasts, the present study, we found no association between the
endothelial cells, epithelial cells, and eosinophil itself [42]. extent of the late allergic response in the skin and airways as
In the present study, circulating eosinophils were consideredhduced by significant and standardized early allergic
unlikely candidates as the cellular source of the serum IL-Fesponses. The bronchial response after allergen challenge
in view of the absent relationship between levels of IL-5 andis determined functionally by the decrease in airway calibre,
the number of peripheral eosinophils. whereas in skin tests the response is assessed directly by
In this study, we investigated the proliferative response othe area of macroscopic tissue alteration. Furthermore,
PBMCs after stimulation with allergen as a model of in the present study, rather low between-patient variation in
allergen-specific responsiveness of T lymphocytes. Howthe magnitude of the late cutaneous response was found,
ever, in addition to the increased frequency and/or responwhich in combination with the considerable variation in the
siveness of allergen-specific T cells [16], the responsivenesneasurement of the magnitude of the late cutaneous
of antigen-presenting cells (e.g. dendritic cells) or othemresponse [46] may have obscured a relationship between
cells potentially contributing to T-cell activation (e.g. baso- the allergen-induced late inflammatory response in the skin
phils [43]) also should be considered. Furthermore, it isand airways.
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In summary, in allergic asthmatic patients, a relationship 9 Muller BA, Leick CA, Smith RM, Suelzer MT, Richerson HB.
was found between baseline allergen-specific proliferative Comparisons of specific and nonspecific bronchoprovocation

responsiveness of peripheral T lymphocyitesitro and the

late bronchial obstructive response after allergen inhalation. ;
10 Kapsenberg ML, Wierenga EA, Bos JD, Jansen HM.

In addition, an increase in serum IL-5 was found after
allergen challenge, which correlated significantly with the
peripheral T-lymphocyte proliferative responsivenéss

vitro. These findings point to a role of allergen-specific
TH2-lymphocyte responses in the allergen-induced LAR.
We conclude that, in allergic asthmatic patients, the aller-

gen-specific responsiveness of peripheral T lymphodytes 12
vitro may serve as a model to determine individual capacity
to develop LAR after allergen inhalation.
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