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ABSTRACT: Idiopathic eosinophilic pneumonia (IEP) is characterized by the accu-
mulation of eosinophils in the alveolar spaces and the interstitium of the lung, fre-
quently accompanied by peripheral eosinophilia.

To clarify the roles of adhesion molecules of eosinophils in the pathogenesis of
eosinophilic pneumonia, we analysed their expression by eosinophil and T-lym-
phocyte populations in peripheral blood and bronchoalveolar lavage fluid (BALF)
obtained from 11 patients with eosinophilic pneumonia, using flow cytometric meth-
ods.

Cell differentials in BALF showed increased numbers of eosinophils, the increase
correlating with the number of activated T-lymphocytes in BALF. The expressions
of CD11a (lymphocyte function-associated antigen-1 (LFA-1)), CD11b (Mac-1),
CD18, CD49d (very late activation antigen-4 (VLA-4)), and CD62L (L-selectin) by
eosinophils in BALF were all lower than those of eosinophils in peripheral blood.
In contrast, CD54 (intercellular adhesion molecule-1 (ICAM-1)) was expressed by
eosinophils in BALF, but not by those in peripheral blood.

These results indicate that intercellular adhesion molecule-1 expression by
eosinophils in bronchoalveolar lavage fluid but not in peripheral blood may be
induced by locally activated T-cells or macrophages and may be important in the
pathogenesis of idiopathic eosinophilic pneumonia.
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Idiopathic eosinophilic pneumonia (IEP) is charac-
terized by the accumulation of eosinophils in the alveo-
lar spaces and the interstitium of the lung, frequently
accompanied by peripheral eosinophilia [1]. However,
the pathogenesis of IEP is still unclear. Recent studies
have demonstrated that eosinophils are cytotoxic not only
to parasites but also to the airway epithelium of asthma-
tics due to the release of toxic granule proteins, such as
major basic protein (MBP), eosinophil cationic protein
(ECP) and eosinophil peroxidase (EPO) [2–6]. In this
context, IEP may be recognized as an eosinophil-induced
lung injury, and modulation of eosinophil accumulation
and activation may be important in the pathophysio-
logy of IEP.

Recently, much attention has been focused on the
importance of cell-cell interaction through adhesion mol-
ecules in the inflammatory process. Various adhesion
molecules have been found to be involved in the migra-
tion of eosinophils to airway mucosa through vascular
endothelial cells [7, 8]. These adhesion molecules of
eosinophils may be important in eosinophil influx into
the lungs of IEP patients. On the other hand, T-lym-
phocyte-derived cytokines, including interleukin-5 (IL-
5), granulocyte/macrophage colony-stimulating factor
(GM-CSF), and interleukin-3 (IL-3) are known to stim-
ulate proliferation, activation, and survival of eosino-
phils [9, 10]. Indeed, these cytokines are detectable at
high concentrations in the airways of asthmatics and in

the pleural cavity of patients with eosinophilic pleural
effusions [11–15]. Little is known, however, about ex-
pression of adhesion molecules by eosinophils, or their
abnormal regulation in IEP.

In this study, we analysed the expression of adhesion
molecules by eosinophils and the relationship with cell
populations in peripheral blood and bronchoalveolar
lavage fluid (BALF) obtained from patients with IEP.

Materials and methods

Subjects

Studies were performed in 11 patients (8 males and
3 females) with IEP (aged (mean±SEM) 47±3 yrs) (table
1) and in nine healthy subjects (aged 31±2 yrs, all male).
All IEP patients were diagnosed by transbronchial lung
biopsy, in which they showed an increased number of
eosinophils in alveolar spaces and septa, without gran-
ulomas or vasculitis. No pathogens were detected in biop-
sy specimens or BALF. The patients had no history of
bronchial asthma or drug allergy. They had no appre-
ciable occupational exposure to toxic fumes, dust or ani-
mals. The healthy subjects had no history of allergy,
asthma or medication, and were used as controls in
analysis of cell differentials in BALF.
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Bronchoalveolar Lavage

Bronchoalveolar lavage (BAL) was performed in sub-
jects after obtaining their informed consent [ 16]. The
oral cavity and the upper airway were anaesthetized with
lidocaine spray, and the tip of a fibreoptic bronchoscope
(Model BF-lT20; Olympus Co., Tokyo, Japan) was
wedged into one bronchus of the middle lobe or lingula.
The alveolar space was lavaged with 50 mL of sterile,
isotonic saline (0.9% NaCl) warmed to 37°C, and the
fluid was gently aspirated with a 50 mL syringe. This
process was repeated three times. The BALF was fil-
tered through a single layer of gauze and then centri-
fuged at 250 × g for 10 min. The resulting cell pellet
was suspended in RPMI 1640 medium containing 10%
heat-inactivated foetal calf serum (FCS), and part of the
cell suspension was used for analysis of lymphocyte
subpopulations. The total number of cells was deter-
mined with a haemocytometer, and differential cell counts
were made on preparations obtained by cytocentrifu-
gation using Cytospin 2 (Shandon Southern Products,
Manchester, UK) and staining with Diff-Quik stain (Bax-
ter Dade AG, Duedingen, Switzerland). 

BAL was routinely performed in the lingula or mid-
dle lobe, not other sites, for two reasons. One was adjust-
ment of the recovery rates of BAL fluid in patients and
healthy subjects. The other was evidence of the pres-
ence of eosinophilia even in a lobe without any abnor-
mal shadow on chest radiograph examination of IEP
patients, as reported previously [17]. The first aliquot
of BALF was not separated from the other for two rea-
sons: 1) adjustment of the technical conditions in patients
and healthy subjects; 2) no obvious signs of bronchial
inflammation were found on bronchoscopy of patients
in this study, indicating that mixture of lavage from
bronchi (the first aliquot) with second and third lavages
did not affect the analysis of BALF.

Isolation of eosinophils from peripheral blood and BALF

Heparinized peripheral blood was taken from patients
with IEP before bronchoscopic examination and corti-
costeroid therapy, after obtaining their informed consent.

Granulocytes were separated by the dextran sedimenta-
tion method, and centrifuged on lymphocyte separation
medium with a density of 1.077–1.080 g·mL-1 (Organon
Teknica Corp., Durham, NC, USA) to remove mononu-
clear cells [18]. Contaminating red blood cells were eli-
minated by hypotonic lysis. Eosinophils were then isolated
by the negative selection method described previously
[19]. Briefly, the granulocyte pellet was incubated with
mouse monoclonal anti-human CD16 antibody for 30
min at 4°C, and then with anti-mouse immunoglobulin
G1 (IgG1) antibody bound to micromagnetic beads
(Dynabeads M-450, Dynal Inc., NY, USA). The beads
with bound neutrophils were then removed from the
granulocyte suspension by placing them in a magnetic
holder. These procedures resulted in consistent purifi-
cation of eosinophils (99%, as judged by May-Grunwald-
Giemsa staining), and more than 98% of the cells were
viable, as judged by the trypan blue exclusion test.

Eosinophils were obtained from BAL samples using
the same procedure as used for peripheral blood. The
purity of the eosinophils obtained was 96%, as judged
by May-Grunwald-Giemsa staining, and more than 93%
of the cells were viable, as judged by the trypan blue
exclusion test. The recovery rates of eosinophils by this
separation method were 55±2% and 49±3% from periph-
eral blood and BAL samples, respectively.

Flow-cytometric analysis of lymphocyte subpopulations

Part of the BALF cell sample was suspended in phos-
phate-buffered saline (PBS) containing 1% FCS, and
part was incubated with fluorescein isothiocyanate (FITC)
and/or phycoerythrin (PE)-conjugated antibody (table
2), at the optimal concentrations prescribed by the manu-
facturer, for 30 min at 4°C. Contaminating red blood
cells were eliminated by hypotonic lysis. Single or two-
colour analysis with a FACScan (Becton-Dickinson) was
used (at least 5,000 events were assumed for each sam-
ple). A cell gate containing lymphocytes was estab-
lished on the basis of forward and side light scattering.
Lymphocyte gates were validated by employing CD45-
FITC-conjugated and CD14-PE-conjugated monoclonal

Table 1.  –  Characteristics of patients with idiopathic eosinophilic pneumonia

Peripheral blood Cell differentiation in BALF  %

Case Sex Age WBC Eos Eos AM Lym Neu Eos
No. yrs ×109·L-1 % ×109·L-1

1 F 32 10.9 16 1.7 81 6 0.6 12
2 F 39 4.2 7 0.3 65 1 0.8 33
3 M 39 12.5 20 2.5 65 23 0.6 11
4 M 42 15.0 38 5.7 49 12 3.9 36
5 M 42 8.6 26 2.2 40 4 1.8 54
6 M 45 18.0 4 0.7 53 14 17.8 15
7 F 46 8.3 45 3.7 33 10 4.8 52
8 M 50 6.0 5 0.3 46 36 1.4 17
9 M 50 9.1 8 0.7 17 7 0.2 76

10 M 67 4.1 10 0.4 81 2 0.2 16
11 M 69 4.1 0.5 0.02 61 14 4.9 20

Mean 47 9.2 16 1.7 54 12 3.4 31
SEM 3 1.4 4 0.5 6 3 1.5 6

M:  male;  F:  female;  Eos:  eosinophils;  WBC:  white blood cells;  AM:  alveolar macrophages;  Lym:  lymphocytes;  Neu:
neutrophils.  BALF:  bronchoalveolar lavage fluid.



antibodies. The lymphocyte population was defined as
CD45+/CD14-. More than 96% of all lymphocytes in
each sample were contained within the boundaries of
the lymphocyte light-scatter gate.

Flow-cytometric analysis of eosinophil surface mole-
cules

For immunofluorescence staining of eosinophils ob-
tained from peripheral blood or BALF, 1×106 cells in
100 µL of PBS containing 1% FCS were incubated with
the isotype-matched control antibody (Ancell, MN, USA)
or primary antibody for each surface molecule (table 2),
at the optimal concentrations prescribed by the manu-
facturer, for 30 min at 4°C. The cells were then washed
twice in PBS with 1% FCS, and incubated with the
second antibody conjugated with FITC (Immunotech
Inc., ME, USA) at optimal concentrations, for 30 min
at 4°C. 

Flow-cytometric analysis was performed with a
FACScan (Becton Dickinson). Eosinophil gates were
obtained by linear forward angle light scatter: the
eosinophil gates were validated using CD9 (eosinophils)
and CD16 (neutrophils). The eosinophil population was
defined as CD9+/CD16-. Single colour analysis with
FACScan (Becton Dickinson) was used. The number of
immunofluorescence-positive cells per 10,000 cells
analysed was determined. Fluorescence limits were set
so that only 2% of control-stained cells fell within the
positive domain. Results on surface molecule expres-
sion are presented as percentages of cells exhibiting
greater fluorescence than that of the isotype control.

Statistical analysis

Results are expressed as means±SEM. The significance
of the difference between data was evaluated by Student's
t-test. Pearson's linear regression was applied to exam-
ine the correlation between various parameters. A p-value
less than 0.05 was considered as statistically significant.

Results

Cell populations in peripheral blood and BALF

Cell populations in the peripheral blood and BALF
are shown in tables 1 and 3. The mean percentage of
eosinophils in BALF of patients with IEP was 31±6%
(11–76%) and there was no significant correlation bet-
ween the percentage of eosinophils in BALF and that in
peripheral blood. The mean CD4/CD8 ratio was 1.5±0.4.
The mean number of eosinophils in BALF of patients
with IEP (19.0±6.3×106 cells; n=11) was significantly
greater than that in BALF of healthy subjects (0.01±0.01×106

cells; n=9) (p<0.04). The mean numbers of macro-
phages and lymphocytes in BALF of patients with IEP
(27.0±5.1×106 cells and 8.6±3.3×106 cells respectively;
n=11) were significantly greater than those in BALF of
healthy subjects (9.9±1.4×106 (p<0.03) and 0.8±0.2×106

cells (p<0.04), respectively n=9). The number of lym-
phocytes in BALF of healthy subjects was so small that
analysis of lymphocyte subpopulations was not possi-
ble. In this study, there was no significant difference in
the cell populations or lymphocyte subpopulations in
the BALF of smokers (n=6) and nonsmokers (n=S)
among IEP patients (data not shown).

Correlation between eosinophil number and lymphocyte
subpopulation in BALF of IEP patients

Since lymphocytes are among the most important cells
involved in the regulation of eosinophil behaviour, we
analysed the correlation between the eosinophil num-
ber and lymphocyte subpopulations in BALF of IEP
patients. There was no correlation between the absolute
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Table 2.  –  CD, characteristics, specificity and source
of monoclonal antibodies employed

CD Antibody Specificity

CD3 Anti-Leu 4* Mature T-lymphocytes
CD4 Anti-Leu 3* Helper-inducer T-lymphocytes
CD8 Anti-Leu 2* Suppressor-cytotoxic 

T-lymphocytes
CD9 Anti-M-L13† Eosinophils
CD11a Anti-G25.2* β2-integrin α-chain
CD11b Anti-D12* β2-integrin α-chain
CD14 Anti-Leu M3* Monocytes
CD16 Anti-3G8§ IgG Fc receptor
CD18 Anti-L130* β2-integrin β-chain
CD20 Anti-Leu 16* Pan B-lymphocytes
CD25 Anti-IL-2R* p55 IL-2 receptor
CD44 Anti-J-173# Hyaluronate receptor
CD45 Anti-Leu M1* Pan-leucocyte
CD49d Anti-HP2/1# β1-integrin α-chain
CD54 Anti-LB2* ICAM-1
CD58 Anti-AICD58# LFA-3
CD62L Anti-SK11* L-selectin

Anti-HLA-DR† MHC class II related antigen

*:  Becton-Dickinson (Mountain View, CA, USA); #:  Cosmo
Bio Co. Ltd (Tokyo, Japan);  †:  Pharmingen (San Diego, CA,
USA);  §:  Medarex Inc. (West Lebanon, NH, USA);  ICAM-1:
intercellular adhesion molecule-1;  LFA-3:  lymphocyte func-
tion associated antigen-3;  HLA-DR:  human lymphocyte anti-
gen DR; MHC: major histocompatibility complex; IgG:
immunoglobulin G;  IL-2:  interleukin-2;  IL-2R:  interleukin-
2 receptor.

Table 3.  –  Lymphocyte subpopulations in BAL fluid
from IEP patients

Lymphocyte subpopulations
Case CD3 CD4 CD8 CD20 CD3(+)CD25(+) CD4/CD8
No. % % % % % ratio

1 90 55 33 2.6 7 1.7
2 96 35 52 4.2 5 0.7
3 99 6 93 1.0 4 0.1
4 82 71 16 3.5 15 4.5
5 82 56 24 4.3 20 2.3
6 94 32 61 1.8 4 0.5
7 90 23 66 1.1 17 0.4
8 79 13 66 1.5 ND 0.2
9 77 56 18 6.7 24 3.1

10 67 44 16 5.3 9 2.8
11 85 29 41 1.1 10 0.7

Mean 86 38 44 3.0 12 1.5
SEM 3 6 8 0.6 2 0.4

ND:  not determined;  BAL:  bronchoalveolar lavage;  IEP:
idiopathic eosinophilic pneumonia.
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number of eosinophils and lymphocyte subpopulations,
including CD3 (r=0.31), CD4 (r=0.40), CD8 (r=0.21),
and CD20 (r=0.54). Significant correlations were found
between the eosinophil number in BALF of IEP patients
and the numbers of activated T-lymphocytes (CD3/CD25
co-expressing cells) (r=0.90, p<0.0005; n=10) and acti-
vated helper T-lymphocytes (CD4/CD25 co-expressing
cells) (r=0.95, p<0.04; n=6) (figs 1 and 2).

Adhesion molecule expression by eosinophils in BALF
and peripheral blood

The expressions of various adhesion molecules by eos-
inophils in BALF from IEP patients were compared with
those in the peripheral blood from the same patients. Eval-
uations of the expression rates in peripheral blood and
BALF showed significantly lower expressions by eosinophils

in BALF of: CD11a (lymphocyte function-associated
antigen-1 (LFA-1)); CD11b (Mac-1); CD18; CD49d
(very late activation antigen-4 (VLA-4)); and CD62L
(L-selectin) (fig. 3 and table 4). In contrast, eosinophils
in BALF showed a significantly higher expression of
CD54 (intercellular adhesion molecule-1 (ICAM-1)).
The expressions of other molecules, by eosinophils in
BALF and in peripheral blood were similar: i.e. CD44,
CD58 (late function antigen-3 (LFA-3)), and human leu-
cocyte antigen-DR (HLA-DR).

Discussion

The present study has demonstrated that eosinophils
in BALF of IEP patients show lower expressions of
CD11a, CD11b, CD18, CD49d and CD62L, but higher
expression of ICAM-1 than those in peripheral blood,
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Fig. 1.  –  Correlations between a) the eosinophil number and number of activated T-lymphocytes (CD3+/CD25+ cells) (r=0.90; p<0.0005; n=10);
and b) the eosinophil number and number of activated helper T-lymphocytes (CD4+/CD25+ cells) (r=0.95; p<0.004; n=6) in bronchoalveolar
lavage fluid from patients with eosinophilic pneumoma.

Fig. 2.  –  Representative dot-plot of a) CD3+/CD25+; and b) CD4+/CD25+ T-lymphocytes in BALF. The expressions of each surface marker
were determined by FACS analysis, as described in Materials and methods. The numbers in the histogram mean: CD3-/CD25+ or CD4-/CD25+
(left upper section: 1); CD3+/CD25+ or CD4+/CD25+ (right upper section: 2); CD3-/CD25- or CD4-/CD25- (left lower section: 3); and CD3+/CD25-
or CD4+/CD25- (right lower section: 4) cells in BALF. BALF:  bronchoalveolar lavage fluid;  FACS:  fluorescence-activated cell sorter.



and that there is a close correlation between the eosinophil
number and the number of activated T-lymphocytes in
the BALF.

Much attention has been paid to the roles of eosino-
phils and T-lymphocytes in the induction of inflamma-
tory reactions in allergic diseases, such as atopic rhinitis
and bronchial asthma [2–4]. In a model of eosinophil
infiltration into the trachea of ovalbumin-sensitized mice,
eosinophil infiltration was found to be mediated by  CD4+
T-lymphocytes and IL-5. Little is known, however, about
the role of T-lymphocytes in the pathogenesis of IEP. This
study has clearly demonstrated that T-lymphocytes in
BALF of IEP patients are in an activated state, as char-
acterized by an increased number of CD25 (interleukin-
2 receptor (IL-2R))+ cells. Moreover, the proportion and
absolute number of CD25+/CD4+ T-lymphocytes in
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Table 4.  –  Expression pf surface molecules on eosinophils
in PB and BALF of IEP patients

PB BAL

CD11a 97±0.1 72±6**
CD11b 98±0.1 92±1.2**
CD18 97±0.3 94±1.4*
CD44 95±2 95±0.3
CD49d 94±1.0 49±12**
CD54 0.5±0.3 34±12*
CD58 88±5 89±6
CD62L 82±7 10±5**
HLA-DR 2.6±2.6 39±20

Values are expressed as mean±SEM.  PB:  peripheral blood;
BALF:  bronchoalveolar lavage fluid;  IEP:  idiopathic eos-
inophilic pneumonia;  HLA-DR:  human leucocyte antigen-
DR.  *:  p<0.05;  **:  p<0.01, compared to peripheral blood.
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BALF in IEP were found to correlate significantly with
the eosinophil count in BALF, indicating an important
role of activated CD4+ T-lymphocytes in eosinophilia
associated with IEP (fig. 1). In other studies, the per-
centage of CD25+/CD4+ T-lymphocytes in BALF was
found to be significantly higher in IEP patients than in
healthy subjects [1, 20]. The percentages of other lym-
phocyte subsets, such as CD3, CD4 and CD8, and the
CD4/CD8 ratio, however, were similar in BALF of IEP
patients and healthy subjects. These results are consis-
tent with those of the present study.

The present findings, as well as those of previous
reports [20–22], demonstrate that the BALF of patients
with IEP has a high percentage of eosinophils. Adhesion
molecules are expected to be involved in recruitment
and activation of eosinophils in the pathogenesis of IEP,
since several in vitro studies have demonstrated the im-
portance of eosinophil surface molecules in the inter-
action of eosinophils with other cells [23, 24].

Modulation of adhesion molecules of eosinophils by
cytokines affects their functions in the development and
maintenance of allergic reactions [25]. For example, the
administration of anti-ICAM-1 antibody was found to
reduce eosinophil infiltration and attenuate airway hyper-
responsiveness in a primate model of chronic airway
inflammation [26]. The CD11/CD18 β2-integrin adhe-
sion complex, which is a ligand for ICAM-1, is known
to be important in the process of eosinophil transendo-
thelial migration [7]. However, little is known about
the changes in expression of adhesion molecules on
eosinophils in the lung of IEP patients. In the present
study, it was found that eosinophils in BALF of IEP
patients showed lower expression of the adhesion mol-
ecules CD11a, CD11b, CD18, CD49d and CD62L than
eosinophils in their peripheral blood. The lower ex-
pressions of these adhesion molecules might be due to
their consumption or internalization during eosinophil
migration to inflammatory sites in the lung. This pos-
sibility is supported by a previous finding that the expres-
sions of CD11a and CD18 by eosinophils were decreased
after their migration across interleukin-1 (IL-1)-activat-
ed human vascular endothelial cells [27]. It is also pos-
sible that various cytokines may affect expression of
adhesion molecules on eosinophils infiltrating inflam-
matory sites of the lung, because type 2 T-helper (Th2)-
like cytokines (IL-5 and GM-CSF) were found to decrease
CD49d expression on eosinophils [28].

In contrast, the expressions of ICAM-1 and HLA-DR
on eosinophils in BALF of patients with IEP were higher
than those on eosinophils in blood. This observation
suggests that eosinophils in BALF of IEP patients are
in the activated state, because activated eosinophils are
known to show high expressions of ICAM-1 and HLA-
DR [29–31]. This upregulation of the expression of
ICAM-1 and HLA-DR by eosinophils in BALF may be
important in promoting their interaction with T-lym-
phocytes in the lung.

Interestingly, the number of alveolar macrophages
recovered from IEP patients was significantly higher
than that recovered from healthy donors. Alveolar macro-
phages are known to produce and secrete various cytokines,
such as TNF-α, IL-1, interleukin-6 (IL-6) and GM-CSF
[32–34]. Alveolar macrophages collected from the lungs
of asthmatic patients after antigen challenge were found

to produce high levels of IL-6 and TNF-α [35]. Since
alveolar macrophages can be triggered by immunoglob-
ulin E (IgE) to produce these cytokines [36], expression
of ICAM-1 on eosinophils in BALF, but not in the blood,
of IEP patients might be induced by macrophages in the
lung through various cytokines.

Cigarette smoking is known to affect the absolute cell
number and cell differential in BALF [37]. Unexpec-
tedly, we found no significant difference in either the
absolute cell number or cell differential between smok-
ers and nonsmokers in IEP patients. This may be due
to the increase of eosinophils, which might interfere
with cell populations and lymphocyte subpopulations in
the BALF, although there is no evidence for this.

The present study extends our understanding of the
pathogenesis of eosinophilic pneumonia. Measurements
of adhesion molecule expression of infiltrated cells, T-
lymphocyte activation and cytokines in bronchoalveo-
lar lavage fluid may be helpful in evaluating disease
activity in idiopathic eosinophilic pneumonia, and in ther-
apeutic monitoring of individual idiopathic eosinophilic
pneumonia patients.
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