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Objective: To investigate whether the state of activation of circulating T-cells in
childhood asthma could be related to serum IgE levels and/or to blood eosinophilia.

Methods: Seventeen atopic asthmatic children, sensitized toDermatophagoides
pteronyssinus(Der p), in stable condition at the time of the study and 15 sex-
matched and age-matched controls were studied. The expression of activation
surface markers (HLA-DR and CD25) on peripheral blood mononuclear cells
(PBMCs) was tested by monoclonal antibodies and FACS analysis, while the
PBMC proliferative response to Der p antigens was measured by tritiated thymidine
(3HTdR) incorporation.

Results: As compared to controls, atopic children showed higher eosinophil
counts (P , .01), similar lymphocyte counts (P . .1, each comparison) but higher
proportion of HLA-DR1 and CD251 T-lymphocytes (P , .05, each comparison).
A significant Der p allergen-induced PBMC proliferation was observed in atopic
children (P , .01) but not in controls (P . .1). Both in controls and in atopic
children, no correlations were found between lymphocyte counts and eosinophil
counts or total or allergen-specific IgE levels (P . .1, each comparison). In contrast,
weak correlations were detected between the degree of allergen-induced PBMC
proliferation and: a) allergen-specific IgE levels in serum (P , .05) and b) eosin-
ophil counts (P , .05).

Conclusion: These data support the concept that the degree of activation of
allergen-specific T-lymphocytes in blood may reflect the intensity of allergic
sensitization in childhood asthma.
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INTRODUCTION
Asthma is a chronic disorder of the
airways characterized by bronchial hy-
perresponsiveness to a variety of stim-
uli, associated with inflammatory
changes in the bronchial mucosa.1 Sev-
eral studies have provided convincing
evidence that T-lymphocytes and eo-
sinophils are important components of
the inflammatory reaction that charac-
terizes allergic asthma.2–4

The most obvious function of T-
lymphocytes in allergic reactions is the
modulation of IgE production, and in
vitro and in vivo studies have indeed
demonstrated that these cells are inti-
mately involved in the regulation of
the synthesis and release of this type
of immunoglobulins by B-lympho-
cytes.5,6 More recently it has been
shown that activated T-lymphocytes
synthesize other signal proteins (lym-
phokines) able to orchestrate the in-
flammatory responses through the reg-
ulation of the activity of other cells,
including eosinophils, mast cells, and
basophils.7 In asthmatic subjects, aller-
gen exposure increases the numbers of
activated T-cells expressing cytokine
mRNA for GM-CSF, IL-3, IL-4, and
IL-5.8 Granulocyte/macrophage col-

ony stimulating factor, IL-3, and IL-5
are signal proteins stimulating matura-
tion, recruitment and activation of eo-
sinophils,9,10 while IL-3 and IL-4 ap-
pear to be involved in mast cell
proliferation11 and basophil degranula-
tion.12 In addition to T-lymphocytes,
increased numbers of activated eosin-
ophils are present in the blood and in
the airways of asthmatics.13,14 A great
deal of evidence suggests that secre-
tory products released by eosinophils
are responsible for mucosal damage
which leads to bronchial obstruction
and irritability in asthma.15,16 These in-
clude the demonstration that eosino-
phils themselves are toxic to human
lung tissues17,18 and that their presence
in the bronchial mucosa may correlate
with morphologic damage to the bron-
chial epithelium.19

Although most studies have focused
on the presence of inflammatory and
immunoeffector cells in the bronchial
tissue or in the airway lumen or secre-
tions, it has been shown that cellular
changes in blood may reflect disease
activity or severity.

Relationships between the extent of
blood eosinophilia and the severity of
asthma or the degree of bronchial hy-
perreactivity have been demonstrat-
ed.20–22 In addition, in allergic asth-
matic patients an abnormally elevated
frequency of allergen-specific T-cells
has been described, correlating with
the severity of the bronchial response
to allergen.23

With this background the present
study was designed to evaluate
whether, in allergic children with
asthma, the state of activation of cir-
culating T-lymphocytes could be re-
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lated to serum levels of allergen-spe-
cific IgE and/or to the intensity of
blood eosinophilia.

MATERIALS AND METHODS

Patient Population
Seventeen atopic asthmatic children (8
females and 9 males, aged from 5 to 12
years old, mean age: 7.76 0.7 years
old) sensitized to house dust mites
were studied out of the pollen season.
Eight patients were sensitized only to
house dust mites (monosensitized)

while the remaining 10, in addition to
house dust mites, were sensitized also
to other classes of allergens (polysen-
sitized) (Table 1a). None of the chil-
dren demonstrated sensitization to
birch pollen. At the time of the study,
patients were in stable condition with
no asthma exacerbations or respiratory
tract infections during the month pre-
ceding the study. None of the patients
had received inhaled or systemic cor-
ticosteroids or antihistaminics in the
4-week period before the evaluation.

Inhalant therapy withb2-adrenoceptor
agonists was withheld at least 48 hours
before patients entered the study.
Asthma was defined according to the
criteria of the American Thoracic So-
ciety.24 Allergic sensitization was de-
termined by skin prick test and by
evaluation of the serum levels of aller-
gen-specific IgE againstDermatopha-
goides pteronyssinus.

As a control group, 15 sex-matched
and age-matched children were evalu-
ated. They were nonatopic as demon-

Table 1a. Characteristics of Allergic Asthmatic Patients

Name Age (yr) Allergen-Specific Sensitization PRIST (KU/L)
RAST
(class)

Blood Eosinophilia

No. (3 1000/microL) %

1 2 house dust mites 81 4 0,6 3,3
2 5 house dust mites 287 5 0,7 9,6
3 5 house dust mites 253 6 0,4 4,4
4 6 house dust mites 198 1 0,3 3,6
5 7 house dust mites 17 2 0,1 1,7
6 8 house dust mites 1674 6 0,46 6
7 11 house dust mites 102 4 0,3 3,6
8 12 house dust mites 843 6 0,6 10,7
9 5 house dust mites, pollens 102 1 0,16 1,9

10 6 house dust mites, pollens 201 4 0,4 4,1
11 8 house dust mites, pollens 2828 6 0,8 8,6
12 11 house dust mites, pollens 129 5 0,38
13 12 house dust mites, pollens 980 6 0,7 10,9
14 5 house dust mites, pollens, cat 288 3 1 14
15 9 house dust mites, cat 446 2 0,41 5,6
16 11 house dust mites, cat 245 5 1 6,8
17 8 house dust mites, cat, molds 366 5 0,7 10,9
Mean 6 SD 7.59 6 2.95 531.77 6 724.99 4.05 6 2.02 0.36 6 0.05 4.16 6 3.78

Table 1b. Characteristics of Control Subjects

Name Age (yr) Allergen-Specific Sensitization
PRIST
(KU/L)

RAST
(class)

Blood Eosinophilia

No. (3 1000/microL) %

1 7 none ,2 0 0,1 1,4
2 8 none ,2 0 0,1 0,8
3 2 none ,2 0 0,1 1,1
4 6 none ,2 0 0,1 1,2
5 11 none ,2 0 0,1 1,6
6 12 none ,2 0 0,2 2
7 5 none ,2 0 0 0,7
8 12 none ,2 0 0,9 1,5
9 4 none ,2 0 0,1 1,3

10 6 none ,2 0 0,1 0,9
11 6 none ,2 0 0,1 1
12 5 none ,2 0 0,1 1,4
13 9 none ,2 0 0,2 2
14 8 none ,2 0 0,1 2
15 11 none ,2 0 0,1 1,5
Mean 6 SD 7.48 6 0.78 0.16 6 0.05 1.36 6 0.81
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strated by negative prick test to com-
mon inhalants, normal total IgE serum
levels and no demonstration of aller-
gen-specific IgE against common in-
halants (Table 1b). In addition they
never had asthma and none had any
respiratory tract symptoms and/or were
treated with any drug in the month
preceding evaluation.

Analysis of Allergic Sensitization
Blood eosinophil and lymphocyte
counts were evaluated both as number
and as percentage of cells. Allergic
sensitization was determined by skin
prick test performing with a panel of
ten allergens (Dermatophagoides
pteronyssinus, Dermatophagoides
farinae, Parietaria officinalis, mixed-
grass pollen, birch pollen, cat fur aller-
gen extract, dog dander allergen ex-
tract, Alternaria, Aspergillus, and
Hormodendrum). A histamine solution
in distilled water (10 mg/mL) was used
as positive control and the glycerol-
buffer diluent of the allergen prepara-
tions as negative control. Each subject
was skin tested on the volar surface of
the forearm using 1-mm prick lancets
(Dome/Hollister-Stier, Great Britain).
The reactions were recorded within 15
minutes by evaluating the skin re-
sponse rate to each allergen inocula-
tion, in comparison to the wheal given
by the negative control. A wheal diam-
eter 4 mm larger than the negative
control was considered as a positive
reaction. Total serum IgE levels were
determined by PRIST kits (Pharmacia)
and shown in Tables 1a and 1b. In
addition, specific IgE againstDer-
matophagoides pteronyssinuswere
measured using Phadebas RAST
(Pharmacia, Sweden) and the sensiti-
zation graded as follows: (1) very low
positive, if the concentration of spe-
cific IgE was between 0.35 and 0.7
kU/L (class 1); (2) low positive, if it
was between 0.7 and 3.5 kU/L (class
2); (3) moderate positive, if it was be-
tween 3.5 and 17.5 kU/L (class 3); (4)
highly positive, if it was between 17.5
and 50.0 kU/L (class 4); and (5)
strongly positive, if it was between
50.0 and 100.0 kU/L (class 5) and (e)

very strongly positive, if it was higher
than 100.0 kU/L (class 6).

Identification of Lymphocyte
Subpopulations and Evaluation of
Surface Antigen Expression
by PBMCs
Specific antibody staining and flow-
cytometry analysis were used to char-
acterize helper/inducer (CD41) and
suppressor/cytotoxic (CD81) T-lym-
phocyte subpopulations and to evalu-
ate the expression of “activation” sur-
face molecules, ie, IL-2R (CD25) and
HLA-DR (MHC class II antigens).
Blood mononuclear cells were isolated
by centrifugation on a discontinuous
gradient of Ficoll-Paque from asth-
matic patients and control subjects.
The partially purified PBMCs were
placed into U-bottom microtiter 96
wells/plates (23 105 cells/well) and
resuspended in 200mL of phosphate
buffered saline (Flow ICN) supple-
mented with 1% fetal calf serum and
0.2% sodium azide. The cells were
then stained with 5mL of FITC-con-
jugated mabs recognizing CD4 or CD8
surface antigens (Becton Dickinson,
Mountain View, CA) or double-
stained with 5mL of the anti-CD25
FITC-conjugated mab (Becton Dickin-
son), recognizing an antigen that is the
human low-affinity IL-2R or of the
L-243 anti-HLA-DR FITC-conjugated
mab (Becton Dickinson), recognizing
a non-polymorphic determinant on
HLA-DR molecules (Becton Dickin-
son). In addition, control staining with
isotype MsIgG2a or MsIgG1 FITC-
conjugated mabs was performed. After
a 30-minute incubation at 4°C, cells
were washed three times with cold
supplemented phosphate buffered sa-
line, fixed with 0.5% paraformalde-
hyde and analyzed by flow cytometry
(FACS scan, Becton Dickinson).25 The
data were collected and stored in list-
mode files, analyzed with Lysis II soft-
ware (Becton Dickinson). The expres-
sion of IL-2R and of HLA-DR
molecules was expressed as percentage
of positive cells. To compare the fluo-
rescence intensity of different samples
from the same experiments, the analy-
ses were performed with identical set-

tings of the logarithmic amplifier and
listmode files analyzed with Lysis II
software (Becton Dickinson), as previ-
ously described.26 Briefly, after con-
version to linear fluorescence intensity
units, to obtain a linear function of
fluorescence intensity over a wide
range,27 the average background linear
fluorescence obtained with the control
antibody level could be subtracted
from the average fluorescence inten-
sity of the specifically stained cells.
The possible differences in cell size in
the different experimental conditions
were controlled for by means of the
forward light scatter signal of the flow
cytometer, proportional to cell size,
and algebraically adjusting for in-
creases in cell surface area so that the
intensity in relative linear fluorescence
units could be obtained. This correc-
tion permits one to correlate directly
the average fluorescence intensity with
the cell surface density of the stained
antigens. All experiments were per-
formed three times.

Dermatophagoides pteronyssinusand
Birch Allergen Extract
The allergen extracts used in this study
were a purified Der p and a birch pow-
der preparations (Lopharma s.r.l., Mi-
lan, Italy) containing multiple aller-
genic determinants, as identified by
polyacrilamide gel electrophoresis.
The choice to use it, instead of a more
purified allergen extract containing
single determinants, was due to the
consideration that the repertoire of al-
lergen-specific T-lymphocytes of each
atopic patient includes different cell
clones likely specific to different aller-
gen determinants.23 Preliminary data
established that the optimal T-lympho-
cyte proliferative response to Der p
allergen extract and to birch extract
was obtained at a concentration of 5
mg/mL. The Lymulus amoebocytes
gelification test, used to assess the
presence of bacterial endotoxin, dem-
onstrated that the allergen extract
yielded 0.02 Endotoxin Units/mL, not
different from the amount found in the
medium alone (data not shown).23
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PBMC Proliferation Assay
Peripheral blood mononuclear cells
proliferation assay was performed
as previously described.27 Briefly,
PBMCs were isolated by centrifuga-
tion on a discontinuous gradient of Fi-
coll-Paque from asthmatic patients and
control subjects, washed and resus-
pended at 23 106/mL in complete
medium (RPMI1640). Peripheral blood
mononuclear cells were cultured with-
out allergenic stimulus (unstimulated
cultures) or with 5mg/mL of Der p
allergen extract in 96-well round-bot-
tom plates. Cell cultures were per-
formed in quadruplicate in a humidi-
fied atmosphere that contained 5%
CO2. Negative control cultures with
purified birch allergen extract (5mg/
mL) were also performed. DNA syn-
thesis was measured by adding 0.5mCi
of tritiated thymidine (3HTdR), spe-
cific activity 54 mCi/mmol/L (Amer-
sham, England) per well on day 5.
Cells were harvested (Skatron cell har-
vester, Lier, Norway) after 18-hour
pulsing onto glass fiber filters.3HTdR
incorporation was measured in a liquid
scintillation b-counter (LKB, Finland)
and expressed as the mean cpm.

Data and Statistical Analysis
All values were expressed as median
and lower and upper quartiles were
indicated in brackets. Comparisons be-
tween the groups were made by un-
paired t test or by Mann Whitney U
test. Spearman’s rank correlation test
was used to examine the relationship
between the various parameters: the r(n)

means the r value referred to correla-
tions between cell numbers while, the
r(%) means the r value referred to cor-
relations between cell percentages.
Statistical significance was assumed at
P value lower than .05.

RESULTS

Total or Allergen-Specific IgE Levels
and Blood Eosinophil or Lymphocyte
Counts in Control Subjects and in
Allergic Patients
Serum total IgE levels were respec-
tively ,2 kU/L in controls and 253
kU/L (17 to 2828) in allergic patients
(P , .001), while median RAST val-
ues to Der p were respectively: a) class
0, in control subjects and class 5 (1 to 6),
in allergic patients (Tables 1a and b).

As compared with control subjects,
allergic patients showed a higher pro-
portion of eosinophils. This was true
expressing blood eosinophilia both as
cell number [controls: 0.1 (0.1 to 0.1),
allergic patients: 0.5 (0.4 to 0.7)] and
as cell percentage [controls: 1.4 (1.0 to
1.6), allergic patients: 5.9 (3.6 to 9.9)]
(P , .001, each comparison). In con-
trast, no statistically significant differ-
ences in the number or percentage of
blood lymphocytes were found be-
tween controls and allergic patients
(P . .1, each comparison) (Table 2).

Phenotypic characterization of
T-cell subpopulations demonstrated
that the ratio of CD41/CD81 T-lym-
phocytes was similar in control sub-
jects and in asthmatic children (P . .1)
(Table 2). As compared with controls,
however, asthmatic children show a
slightly higher percentage of PBMC
expressing IL-2R and HLA-DR (P ,
.05, each comparison) (Table 2). Total
serum IgE levels, median RAST val-
ues to Der p, and blood cell counts
were similar in monosensitized and
polysensitized patients (P . .05, each
comparison) (not shown).

No correlations were observed be-
tween blood lymphocyte and eosino-
phil counts, expressing data both as
absolute number or as percentage, in

controls [r(n) 5 0.14 and r(%) 5 0.13,
respectively;P . .1] and in allergic
patients [r(n) 5 0.22 and r(%) 5 0.32,
respectively;P . .1], (not shown).
Similarly, in controls and in asthmat-
ics, no correlations were demonstrated
between CD41, CD81, CD251 or
HLA-DR1 T-cell counts and blood
eosinophilia (P . .05, each correla-
tion) (not shown).

PBMC Proliferative Response
to Allergens
No proliferative response to Der p ex-
tract was seen in cell cultures from
control subjects [unstimulated cul-
tures 5 686.2 6 107.1 cpm; Der p-
stimulated cell cultures5 663.5 6
126.8 cpm (P . .05)] (not shown). In
contrast, in all cell cultures from aller-
gic patients, Der p extract efficiently
induced PBMC proliferation, [un-
stimulated cultures5 766.7 6 115.0
cpm; Der p-stimulated cell cultures5
19463.96 2424.5 cpm (P , .001)]. In
allergic patients, not sensitized to birch
pollen, the proliferative response to
the purified birch allergen extract
(2039.2 6 952.3 cpm) was signifi-
cantly lower, as compared with the
proliferative response to the Der p
(P , .01) and similar to the unstimu-
lated cultures (P . .05, each compar-
ison) (Fig 1). Data were similar in
monosensitized and polysensitized pa-
tients (P . .05, each comparison) (not
shown).

Correlation between PBMC
Proliferative Response to Allergens,
Blood Eosinophil or Lymphocyte
Counts, and Total or Allergen-
Specific IgE Levels
In asthmatic children, a slight positive
correlation was found between PBMC

Table 2. Counts, Phenotypic Characterization and Expression on Activation Marker on Blood T-Lymphocytes

Control
Subjects

Asthmatic Patients P Value

Lymphocyte counts No (3 1000/microL) 2.8 (2.6–4.0) 2.8 (2.1–3.2) ..1
% cells 41.9 (33.4–52.2) 35.4 (25.3–40.3) ..1

Phenotypic characterization CD4/CD8 ratio 2.0 6 0.5 1.9 6 0.3 ..1
Activation marker expression CD251 (%) 0.1 6 0.1 0.9 6 0.1 ,.05

DR1 (%) 5.0 6 5.0 14.4 6 0.9 ,.05
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proliferative response to Der p allergen
extract and eosinophil counts [r(n) 5
0.575 and r(%) 5 0.475, respectively;
P , .05, each correlation] (Figs 2A
and B). Similarly, in asthmatic chil-
dren the degree of allergen-induced
[3H]thymidine incorporation slightly
correlated with log PRIST (r5 0.490,
P , .05) (Fig 2C) and with RAST
classes (r5 0.530,P , .05) (Fig 2D).
No correlations were observed be-
tween the PBMC proliferative re-
sponse to Der p allergen extract and
total lymphocyte counts or T-lympho-
cyte subpopulations (P . .1, each cor-
relation) (not shown).

DISCUSSION
In this study we have found that the
degree of activation of blood T-lym-
phocytes, as measured by surface
marker expression and proliferative re-
sponse to allergen, was increased in
atopic children with asthma as com-
pared with control subjects. In addi-
tion, in asthmatic children the intensity
of allergen-induced blood mononu-
clear cell proliferation showed a slight,
although significant, positive correla-
tion with both the allergen-specific se-
rum IgE levels and the degree of blood
eosinophilia.

T-lymphocytes play a primary regu-
latory role in the cascade of events

associated with allergic asthma includ-
ing modulation of IgE synthesis and
recruitment and activation of cells
bearing high or low affinity receptors
for IgE. These cells that include eosin-
ophils, mast cells, basophils, and mac-
rophage/monocytes are all involved in
the inflammatory response that follows
allergen exposure.28

The production of allergen-specific
IgE in allergic individuals likely de-
pends on direct lymphokine-mediated
cooperation between T- and B-lym-
phocytes. The high levels of serum IgE
observed in atopy has been attributed
to quantitative and/or qualitative dif-
ferences in the allergen-specific T-cell
compartment.29,30 Indeed it wasshown
that T-cell derived cytokines may
have different effects on IgE produc-
tion and that the amount of IgE syn-
thesis is related to the amount of IL-4
secreted.31 Other cytokines, includ-
ing low molecular weight B-cell
growth factor (BCGF) and IL-2 can
further enhance IgE production,
probably through their nonspecific
enhancement of B-cell prolifera-
tion.32 Other lymphokines, such as
IL-6, may provide additional signals
to enhance ongoing IgE synthesis.33

The production of elevated amounts
of allergen-specific IgE in atopy may
also be related to the expansion of al-

lergen-specific T-cell clones. Indeed,
we have here demonstrated an increase
in the proportion of blood lymphocytes
expressing activation surface markers
and proliferation in response to the
sensitizing allergen in asthmatic chil-
dren. In agreement with the results
here presented, Rawle et al showed
that peripheral blood lymphocytes
from patients sensitized to house dust
mites on in vitro allergen challenge,
proliferate more than cells from con-
trol subjects.34 Similarly, we have pre-
viously demonstrated in adults that
allergen-induced T-lymphocyte prolif-
eration and the frequency of allergen-
specific T-cells were significantly
higher in asthmatic patients than in
control subjects.23 In addition, in the
same study, allergen-specific T-cell
frequency in blood positively corre-
lated with the dose of allergen neces-
sary to produce a significant broncho-
spastic response in vivo.23

The relative role of the number
and/or of the functional characteristics
of B-cells committed to produce aller-
gen-specific IgE in modulating in vivo
the response to allergens has not been
extensively studied. Using Epstein-
Barr virus transformation and limiting
dilution microcultures, it was found
that the frequency of B-cells commit-
ted to produce allergen-specific IgE is
not different in patients with atopic
asthma. This was in contrast with
healthy subjects, and among patients
with and without a late asthmatic re-
sponse to allergen inhalation chal-
lenge.23

T-lymphocytes are also able to pro-
duce pro-inflammatory lymphokines,
able to attract and activate inflamma-
tory cells, including eosinophils.35,36

There are several lines of evidence
strongly suggesting a key role of eo-
sinophils in the pathogenesis of asth-
ma: (1) eosinophils and their products
are present in the airways and in the
blood of asthmatics; (2) eosinophil-de-
rived products have the ability to pro-
duce many of the pathologic and phys-
iologic features of asthma; and (3)
correlations between the intensity of
blood or of airway eosinophilia and
asthma severity have been demonstrat-

Figure 1. Blood mononuclear cell proliferation in unstimulated (control) and in stimulated cultures
(birch pollen and house dust mites). On the ordinate, cell proliferation is expressed as count per minute
(cpm); on the abscissa, the different experimental conditions are shown. *P , .01, **P , .001, and NS5
not statistically significant.
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ed.21,22,37–40 Although the number of
eosinophils in blood may be normal in
patients with asthma,41 several investi-
gations have found an increased num-
ber of eosinophils in the peripheral
blood of asthmatic patients compared
with healthy controls.21,22,38,40 Indeed,
links between blood eosinophilia and
asthma severity,39 pulmonary function
impairment,38,42 nonspecific bronchial
hyperactivity43,44and degree of allergic
sensitization45 have been demonstrated
both in adults and in children.

The production of eosinophils in the
bone marrow, their maturation, recruit-
ment, and activation appear to be con-
trolled, at least in part, by soluble prod-
ucts released by T-lymphocytes that
include IL-3, IL-5, and GM-CSF.8,9,10

Indeed it has been shown in vitro and

in vivo that experimental allergen chal-
lenges induce the expression mRNA
encoding IL-5 and GM-CSF by acti-
vated T-cells8 and the release of the
corresponding cytokines.10

The demonstration here presented
that of a positive correlation between
the intensity of allergen-induced blood
mononuclear cell proliferation and al-
lergen-specific IgE and degree of
blood eosinophilia. This finding fur-
ther supports a link between immuno
effector cells (T- and B- lymphocytes)
and inflammatory cells (eosinophils)
that can be detected in childhood
asthma.

REFERENCES
1. Global Initiative for Asthma. National

Institutes of Health, National Heart,

Lung and Blood Institutes. Publication
Number 95-3659, January 1995:1–4.

2. Kay AB. Asthma and inflammation. J
Allergy Clin Immunol 1991;87:
893–907.

3. Corrigan C, Kay AB. T-cells and eo-
sinophils in the pathogenesis of
asthma. Immunol Today 1992;13:
501–507.

4. Burastero S, Crimi E, Balbo A, et al.
Oligoclonality of lung T-lymphocytes
following exposure to allergen in
asthma. J Immunol 1995;155:
5836–5846.

5. Leung DJM, Geha RS. Regulation of
the human IgE antibody response. Int
Rev Immunol 1987;2:75–91.

6. Del Prete G, Maggi E, Parronchi P, et
al. IL-4 is an essential co-factor for IgE
synthesis induced in vitro by human T
cell clones and their supernatants.
J Immunol 1988;140:4193–4198.

7. Street NE, Mosmann TR. Functional
diversity of T-lymphocytes due to se-
cretion of different cytokine patterns.
FASEB J 1991;5:171–177.

8. Bently AM, Meng Q, Robinson DS, et
al. Increases in activated T lympho-
cytes, eosinophils and cytokine mRNA
expression for interleukin-5 and
granulocyte/macrophage colony stim-
ulating factor in bronchial biopsies af-
ter allergen inhalation challenge in
atopic asthmatics. Am J Respir Cell
Mol Biol 1993;8:35–42.

9. Spry CJF, Kay BA, Gleich GJ. Eosin-
ophils 1992. Immunol Today 1992;13:
384–387.

10. Lantero S, Sacco O, Scala C, Rossi
GA. Stimulation of blood mononuclear
cells of atopic children with the rele-
vant allergen induces the release of
eosinophils chemotaxins such as IL-3,
IL-5, and GM-CSF. J Asthma 1997;
34:141–152.

11. Hamaguchi Y, Kanakura Y, Fujita J, et
al. Interleukin 4 as an essential factor
for in vitro clonal growth of murine
connective tissues-type mast cells. J
Exp Med 1987;165:268–273.

12. MacDonald SM, Schleimer RP,
Kagey-Sabotka A, et al. Recombinant
interleukin 3 induces histamine release
from human basophils. J Immunol
1989;142:3527–3532.

13. Azzawi M, Bradley B, Jeffery PK, et
al. Identification of activated T-
lymphocytes and eosinophils in bron-
chial biopsies in stable atopic asthmat-
ics. Am Rev Respir Dis 1990;142:
1407–1413.

Figure 2. Correlations between allergen-induced blood mononuclear cell proliferation and eosinophil
counts (A, B), total IgE (C) or specific IgE (D) levels in allergic asthmatics. On the ordinate, cell
proliferation is expressed as count per minute (cpm); on the abscissa, data are expressed as (A) numbers
of cells 3 103/mL, (B) cell percentage, (C) log PRIST, and (D) RAST classes.

VOLUME 84, APRIL, 2000 431



14. Bradley B, Azzawi M, Jacobson M, et
al. Eosinophils, T-lymphocytes, mast
cells, neutrophils and macrophages in
the bronchial biopsies from atopic
asthma: comparison with atopic non-
asthma and normal controls and rela-
tionship to bronchial hyperresponsive-
ness. J Allergy Clin Immunol 1991;88:
661–674.

15. Gleich GJ. The eosinophil and bron-
chial asthma: current understanding. J
Allergy Clin Immunol 1990;85:
422–428.

16. Berkman JS, Weller PF. Airway eosin-
ophils and lymphocytes in asthma:
birds of a feather? Am Rev Respir Dis
1992;145:1246–1248.

17. Davis WB, Fells GA, Sun XH, et al.
Eosinophil-mediated injury to lung pa-
renchymal cells and interstitial matrix:
a possible role for eosinophils in
chronic inflammatory disorders of the
lower respiratory tract. J Clin Invest
1984;74:269–278.

18. Frigas E, Motojima S, Gleich GJ. The
eosinophilic injury to mucosa of the
airways in the pathogenesis of asthma.
Eur Respir J 1991;4:123s–135s.

19. Ohashi Y, Motojima S, Fukuda T,
Makino S. Airway hyperresponsive-
ness, increased intercellular spaces of
bronchial epithelium and increased in-
filtration of eosinophils and lympho-
cytes in bronchial mucosa in asthma.
Am Rev Respir Dis 1992;145:
1469–1478.

20. Bousquet J, Chanez P, Lacoste JY, et
al. Eosinophilic inflammation in
asthma. N Engl J Med 1990;323:
1033–1039.

21. Carlson M, Hakansson L, Kampe M, et
al. Degranulation of eosinophils from
pollen atopic patients with asthma is
increased during pollen season. J Al-
lergy Clin Immunol 1992;89:131–139.

22. Sugaii T, Sakiyama Y, Matumoto S.
Eosinophil cationic protein in periph-
eral blood of pediatric patients. Clin
Exp Allergy 1992;22:275–281.

23. Burastero SE, Fenoglio D, Crimi E, et
al. Frequency of allergen specific T-
lymphocytes in blood and bronchial
response to allergen in asthma. J Al-
lergy Clin Immunol 1993;9:
1075–1081.

24. Standards for the diagnosis and care of
patients with chronic obstructive pul-
monary disease (COPD) and asthma.

Medical Section of the American Lung
Association. Am Rev Respir Dis 1987;
136:225–243.

25. Balbi B, Valle MT, Oddera S, et al.
Thymomodulin increases HLA-DR
expression by macrophages but not T-
lymphocyte proliferation in autologous
mixed leukocyte reaction. Eur Respir J
1993;6:102–109.

26. Sacco O, Lantero S, Frangova V, Rossi
GA. The increased expression of
HLA-DR and ICAM-1 molecules by
human bronchial epithelial cell, in-
duced by mononuclear cells, is down-
regulated by nedocromil sodium. Me-
diators Inflamm 1994;3(S):7–13.

27. Rossi GA, Zocchi E, Sacco O, et al.
Alveolar macrophages stimulation of
T cell proliferation in autologous
mixed leukocyte reaction. Role of
HLA-DR antigens. Am Rev Respir Dis
1986;1:78–82.

28. Rochester CL, Ranking JA. Is asthma
T-cell mediated? Am Rev Respir Dis
1991;144:1005–1007.

29. German RD, Goodwin W, Luisser
AM. The allergen specific T-cell re-
sponses of atopic and non-atopic indi-
viduals. J Allergy Clin Immunol 1990;
85:200(A).

30. Lanzavecchia A, Santini P, Maggi E. In
vitro selective expansion of allergen-
specific T-cells from atopic patients.
Clin Exp Immunol 1983;52:21–28.

31. Romagnani S, Del Prete G, Maggi E,
et al. Role of interleukins in induction
and regulation of human IgE synthesis.
Clin Immunol Immunopathol 1989;50:
513–518.

32. Parronchi P, Tiri A, Macchia D, et al.
Noncognate contact-dependent B-cell
activation can promote IL-4-dependent
in vitro human IgE synthesis. J Immu-
nol 1990;144:2102–2108.

33. Maraguchi A, Hirano T, Tang B, et al.
The essential role of B-cell stimulatory
factor 2 (BSF-2/IL-6) for terminal dif-
ferentiation of B-cells. J Exp Med
1988;67:332–344.

34. Rawle FC, Mitchell EB, Platts-Mills
TAE. T cell responses to the major
allergen from the house dust miteDer-
matophagoides pteronyssinus, antigen
P1: comparison of patients with asthma,
atopic dermatitis and perennial rhinitis.
J Immunol 1984;133:195–201.

35. Sehmi R, Wardlaw AJ, Cromwell O, et
al. Interleukin-5 selectively enhances

the chemotactic response of eosino-
phils obtained from normal but not eo-
sinophilic subjects. Blood 1992;79:
2952–2959.

36. Wierenga EA, Bachx B, Snoek M, et
al. Relative contribution of human
types 1 and 2 T-helper eosinophilotro-
phic cytokines to development of eo-
sinophilia. Blood 1993;82:147–179.

37. Berman JS, Peller PF. Airway eosino-
phils and lymphocytes in asthma: bird
or feather? Am Rev Respir Dis 1992;
145:1246–1248.

38. Horn BR, Robin ED, Theodore J, Van
Kessel A. Total eosinophil counts in
the management of bronchial asthma.
N Engl J Med 1975;292:1152–1155.

39. Kuehr J, Frischer T, Barth R, et al.
Eosinophils and eosinophil cation pro-
tein in children with and without sen-
sitization to inhalant allergens. Eur
J Pediatr 1994;153:739–744.

40. Urlik CS. Peripheral eosinophil counts
as a marker of disease activity in in-
trinsic and extrinsic asthma. Clin Exp
Allergy 1995;25:820–827.

41. Bruijnzeel PL, Hamelink ML, Prins K,
et al. Blood lymphocyte subpopula-
tions in extrinsic and intrinsic asthmat-
ics. Ann Allergy 1987;58:179–182.

42. Hoekstra MO, Hovenga H, Gerristsen
J, Kauffman HF. Eosinophils and eosi-
nophil-derived proteins in children
with moderate asthma. Eur Respir J
1996;9:2231–2235.

43. Bjornsson E, Janson C, Hakansson L,
et al. Serum eosinophil cationic protein
in relation to bronchial asthma in a
young Swedish population. Allergy
1994;49:730–736.

44. Taylor KJ, Luksza AR. Peripheral
blood eosinophil counts and bronchial
responsiveness. Thorax 1987;42:
452–456.

45. Frangova Youroukova V, Oddera S,
Silvestri M, et al. Blood eosinophilia
and degree of sensitization to airborne
allergens in preschool and school chil-
dren with asthma. J Asthma 1998;35:
489–496.

Request for reprints should be addressed to:
Giovanni A. Rossi
Division of Pulmonology
G. Gaslini Institute
Largo G. Gaslini, 5
16148 Genoa, Italy

432 ANNALS OF ALLERGY, ASTHMA, & IMMUNOLOGY


