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ABSTRACT: To clarify the pathogenesis of chronic eosinophilic pneumonia (CEP), the
apoptosis of eosinophils from bronchoalveolar lavage (BAL-Eos) was compared with
that of eosinophils from peripheral blood (PB-Eos) in six cases of CEP.

The survival rate of eosinophils and the percentage of apoptotic cells of both types of
eosinophils were examined, and the effects of interleukin 5 (IL-5) were evaluated. The
role of Fas expression in apoptosis of these eosinophils was also studied.

The survival rate of BAL-Eos on the third day of culture was significantly higher than
that of PB-Eos (pv0.01). This was associated with a lower proportion of apoptotic cells
in BAL-Eos than in PB-Eos; the percentages of apoptotic cells in PB-Eos and BAL-Eos
after 24 h of incubation were 21.7¡3.4% and 10.6¡1.7% respectively. IL-5 suppressed
apoptosis and increased the survival rate of both PB-Eos and BAL-Eos. It was found
that the apoptotic character of BAL-Eos differed from that of PB-Eos in at least three
ways. Firstly, the positive rate of Fas expression on PB-Eos was increased after 24 h of
incubation, whereas that on BAL-Eos did not change. Secondly, the expression of Fas
on PB-Eos was suppressed by IL-5 (18.5¡4.2% – 8.3¡3.2%, pv0.05), whereas IL-5
failed to suppress Fas expression on BAL-Eos (3.3¡1.6% – 3.6¡1.0%). Lastly, binding
of antibody to Fas antigen induced apoptosis of PB-Eos, but not of BAL-Eos.

These data suggested that Fas seemed to be involved in the apoptosis of PB-Eos,
whereas BAL-Eos were Fas-resistant in chronic eosinophilic pneumonia. In conclusion,
apoptosis of eosinophils might be suppressed by proinflammatory cytokines such as IL-5
leading to their accumulation in the lung. Chronic stimulation of eosinophils in the
alveolar space with IL-5 may play a crucial role chronic eosinophilic disorders.
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Chronic eosinophilic pneumonia (CEP) is character-
ized by the presence of an interstitial eosinophilic
inflammatory reaction in the lung, and a large number
of eosinophils in the bronchoalveolar lavage (BAL-Eos)
[1]. An increased production of interleukin (IL)-5 seems
to be one of the critical pathophysiological features of
eosinophilic pneumonia [2, 3]. Several reports have
shown that IL-5 was present in BAL fluid (BALF), and
the level of IL-5 was reduced after resolution of
pulmonary eosinophilia [4, 5].

The viability of eosinophils in the peripheral blood
(PB-Eos) can be maintained in culture for several days
and prolonged by IL-5, and these findings have been
interpreted as implying that IL-5 delays apoptosis and
prolongs the survival of eosinophils [6]. However, the
precise interaction between eosinophils and IL-5 in the
alveolar space is not fully understood. Although several
studies have been performed on the correlation between
eosinophils and apoptosis [7 – 9], there have been few
comparisons of apoptosis of eosinophils from PB and
BAL in CEP. Other reports have shown that the
decreased or suppressed apoptosis of eosinophils in
nasal polyps and the bronchi of bronchial asthma
patients is an important mechanism for the persistence
of chronic specific eosinophil accumulation [10, 11]. It is

also suspected that a decrease of apoptosis might also
be present in the pulmonary parenchyma in CEP.

The purpose of this study was to determine whether
eosinophil apoptosis is suppressed in the alveolar space
in CEP. The following were evaluated: 1) the kinetics of
the apoptosis of PB- and BAL-Eos from CEP; 2) the
effect of IL-5 on apoptosis in these cells; and 3) the
involvement of Fas expression.

Materials and methods

Patients

The diagnosis of CEP was based on the patient9s past
history, physical examination, radiographic features,
and the presence of increased numbers of eosinophils in
lung tissue and BAL. As shown in table 1, six cases of
CEP were examined. None of the patients received
steroid therapy before obtaining PB-Eos and BAL-Eos.

Cell fractionation

Peripheral blood leukocytes were obtained from
heparinized venous blood. The separation of eosinophils
was performed using a discontinuous density Percoll
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column (Pharmacia, Uppsala, Sweden) with five
different concentrations, as previously described [12].
To remove residual neutrophils, a monoclonal anti-
body against CD 16 in a negative, indirect selection
procedure using imunomagnetic beads (Dynal AS,
Oslo, Norway) was used. BAL was performed in the
involved lung segment. BALF was centrifuged at 1,200
revolutions per minute (rpm) for 10 min. Eosinophils
from BAL were also enriched with a discontinuous
density Percoll column, and the cells were suspended
in 10% foetal calf serum-containing RPMI 1640
solution. In all cases, the eosinophil-rich fraction
was w98% pure, and the viability was w99%.

Evaluation of eosinophil survival and apoptosis

The viability of the eosinophils was evaluated by the
trypan blue dye exclusion test after 3 days of incubation
at 37uC in a 5% CO2-containing incubator. The effects
of IL-5 on eosinophil survival were also assessed.
Recombinant human IL-5 (10 ng.mL-1, Gibco BRL,
Grand Island, NY, USA) was used for stimulation. In
some cases, the kinetics of viability were examined after
1, 3, 5, and 7 days of incubation. Apoptosis of the
eosinophils was assessed with an annexin-V FITC Kit
(Immunotech, Marseille Cedex, France) according to
the methods of LEVI-SCHAFFER et al. [13]. Briefly,
eosinophils were cultured for 24 h in the presence or
absence of IL-5 (10 ng.mL-1), harvested and washed
with phosphate-buffered saline by centrifugation for
3 min at 4,000 rpm. The cells were resuspended in
490 mL of binding buffer (10 mM Hepes, 140 mM
NaCl, 2.5 mM CaC12, pH 7.4), and 1.25 mg propidium
iodide and 5 mL of annexin-V FITC solution were
added. After a 10-min incubation on ice, the cell sample
was analysed using a FACScan flow cytorneter (Becton
Dickinson, Mountain View, CA, USA).

The effects of IL-5 on Fas expression on the
eosinophils were also assessed. PB-Eos and BAL-Eos
were cultured for 24 h, and then the harvested cells
were incubated with monoclonal antibodies against
Fas (UB2, MBL, Nagoya, Japan) for 30 min. After
washing, the cells were analysed using the FACScan
flow cytometer.

In some cases, PB-Eos and BAL-Eos were cultured
for 24 h with or without monoclonal antibodies against
Fas (CH11, MBL, Nagoya, Japan; 300 ng.mL-1) for
induction of Fas-induced apoptosis. Apoptosis was
assessed with an annexin-V FITC Kit, as described
above.

Statistical analysis

Results are expressed as the mean¡standard devia-
tion (SD). Differences between the groups were assessed
by the Mann-Whitney test. A p-value v0.05 was
considered to have statistical significance.

Results

In order to elucidate the survival rates of PB-Eos and
BAL-Eos, they were cultured for 3 days, and the
viability was determined by trypan blue dye exclusion.
Figure 1 shows that the survival rate of BAL-Eos was
significantly higher than that of PB-Eos with individual
paired data (pv0.01). The effect of IL-5 on the survival
rates of both cells was examined. The percentage of
viable cells in IL-5-treated PB-Eos significantly
increased 1.3¡1.2% – 21.7¡5.8%, and that of
IL-5-treated BAL-Eos also significantly increased
39.1¡10.9% – 81.0¡14.5% (fig. 1a; pv0.05 and
pv0.05, respectively). Such survival-enhancing effects
of IL-5 on both type of eosinophils were still detected
after 7 days of incubation (figs. 1b and c). As the effect
of IL-5 on eosinophil survival was dose dependent up
to 10 ng.mL-1, this optimal dose was used in all
experiments.

The effect of IL-5 on eosinophil apoptosis was
further assessed. PB-Eos and BAL-Eos were cultured in
the presence or absence of IL-5 for 24 h. The
percentages of apoptotic cells in PB-Eos and BAL-
Eos were 21.7¡3.4% and 10.6¡1.7%, respectively
(fig. 2), suggesting that BAL-Eos were more resistant to
apoptosis than PB-Eos (pv0.05). It was also found that
IL-5 significantly suppressed apoptosis in both types of
cells. When PB-Eos and BAL-Eos were cultured with
IL-5, the percentage of apoptotic PB-Eos decreased
from 21.7¡3.4% to 12.2¡2.0%, and that of apoptotic
BAL-Eos decreased from 10.6¡1.7% to 5.2¡1.1%
(pv0.05 for both) (fig. 2).

Although IL-5 suppressed apoptosis of both PB- and
BAL-Eos, the mechanism of apoptosis in the two types
of eosinophils was suggested to be different in several
ways: the expression of Fas antigen on PB-Eos
increased significantly from 7.8¡1.8% to 18.5¡4.2%
after 24 h of incubation (pv0.05), whereas that on
BAL-Eos did not (from 5.2¡1.9% to 3.3¡1.6%)
(fig. 3). The effect of IL-5 on Fas expression on
eosinopilils after 24 h of incubation was also different
in the two types of eosinophils. As shown in figure 3a,
the Fas expression of PB-Eos was significantly

Table 1. – Cell number and percentage of eosinophils from peripheral blood and bronchoalveolar lavage in six cases of
chronic eosinophilic pneumonia

Case Age Sex
Eosinophil from peripheral blood Eosinophil from bronchoalveolar lavage

Number.mm-3 % Number 16105.mL-1 %

1 56 F 795 17.1 1.23 25.3
2 43 F 623 15.2 1.74 14.5
3 45 F 754 13.0 11.63 40.8
4 41 F 2297 23.2 2.30 23.0
5 57 M 2871 29.0 2.73 26.5
6 60 M 2720 32.7 14.30 40.7
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suppressed by co-culturing with IL-5 (from 18.5¡4.2%
to 8.3¡3.2%, pv0.05), whereas that of BAL-Eos was
not suppressed (fig. 3b).

Furthermore, it was found that stimulation with anti-
Fas antibody clearly induced apoptosis of PB-Eos but
not of BAL-Eos (fig. 4). These data suggest that
apoptosis of PB-Eos was related to Fas antigen, but
that of BAL-Eos had little relation to Fas in CEP.

Discussion

The differences of the kinetics of apoptosis between
PB-Eos and BAL-Eos in CEP were evaluated. The
survival rate of the BAL-Eos after culturing for 3 days
was significantly higher than that of the PB-Eos. This
was probably the result of a decreased propotion of
apoptotic cells in BAL-Eos compared to PB-Eos. IL-5
inhibited apoptosis in both types of cells, and prolonged

Fig. 1. – Effect of interleukin (IL)-5 on the viability of eosino-
phils from peripheral blood (PB-Eos) and eosinophils from
bronchoalveolar lavage (BAL-Eos). a) PB-Eos and BAL-Eos of
chronic eosinophilic pneumonia (CEP) patients were cultured
with or without IL-5 (10 ng.mL-1) for 3 days and harvested. The
viability of the eosinophils was evaluated by the trypan blue dye
exclusion test. Data represented with individual paired data
when grown in phosphate buffered saline (PBS) with lines for
each of the six patients. F: PBS; %: IL-5. Other data represent
the means¡SD of six cases. Time-courses of the viability of b)
PB-Eos and c) BAL-Eos with (.) or without IL-5 (#) were
evaluated. Representative data from one patient is shown. Data
represent the mean¡SD of triplicate cultures. *: pv0.05; z:
pv0.01.
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Fig. 2. – Effect of interleukin (IL)-5 on the apoptosis of eosino-
phils from peripheral blood (PB-Eos) and eosinophils from
bronchoalveolar lavage (BAL-Eos). Eosinophils from a) peri-
pheral blood (PB) and b) bronchoalveolar lavage (BAL) were
cultured for 24 h. Data are the mean¡SD of six cases. *:
pv0.05; z: pv0.05 versus PB-Eos treated with phosphate buf-
fered saline.
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Fig. 3. – Effect of interleukin (IL)-5 on Fas expression on eosi-
nophils from peripheral blood (PB-Eos) and eosinophils from
bronchoalveolar lavage (BAL-Eos). Eosinophils from a) PB and
b) BAL were cultured with or without IL-5 (10 ng.mL-1) for
24 h. Data are the mean¡SD of six cases. *: pv0.05; z: not
significant.
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their survival. Fas antigen seemed to be involved in the
apoptosis of PB-Eos but not of BAL-Eos.

The anti-apoptotic effect of IL-5 has been investi-
gated at the molecular level [14, 15]. IL-5 has ligand-
specific a-receptor subunits and common b (bc)
subunits. The latter is considered the most important
signalling molecule involved in propagating anti-
apoptotic signals. Another report concluded that the
inhibitory effect of IL-5 on apoptosis was due to up-
regulation of bcl-2 expression [16]. Although eosinophil
apoptosis was suspected to be related to Fas antigen,
most reports have concluded that Fas and bc receptor
were functionally independent [7, 14, 17 – 19]. In the
present study, it was demonstrated that IL-5 down-
regulated the Fas expression on PB-Eos in CEP.
Although the regulation of IL-5 might indirectly
affect Fas expression, one of the explanations of this
effect might be the presence of the heterogeneous
eosinophils in CEP. A previous report about Fas
expression of eosinophils from healthy donors showed
that IL-5 did not affect Fas expression on eosinophils
[18]. Another report showed that expression of Fas on
eosinophils from atopic dermatitis (AD) patients did
not change over time in culture, and was not modulated
by IL-5 [19]. The authors have also found that
eosinophils from PB of patients with other human
diseases with eosinophilia, such as hypereosinophilic
syndrome, bronchial asthma, and Kimura9s disease,
also show a significant correlation between IL-5
stimulation and Fas expression (data not shown).
Although further study is needed for confirmation, this
is the first description showing the possibility of a
correlation between IL-5 and Fas expression on
eosinophils in CEP.

It was previously shown that there is a possibility of
eosinophil functional heterogeneity, through the study
of the chemotactic response of eosinophils to eosinophil
chemotactic factors and the expression of eosinophil
surface antigen in human diseases with hypereosino-
philia [12, 20, 21]. In the present study, the kinetics of
apoptosis of eosinophils from CEP patients might be

heterogeneous, at least compared to those from AD
patients and healthy donors.

More interestingly, the expression of Fas antigen on
BAL-Eos apparently did not change during the culture,
although it was increased on PB-Eos (figs. 2 and 3). As
shown in figure 4, exogenous addition of anti-Fas
antibody (CH11) did not induce apoptosis of BAL-Eos,
whereas it did induce that of PB-Eos. The mechanism
of Fas resistance is not fully understood. The present
difference of responsiveness might have been due to the
priming of BAL-Eos with several cytokines, especially
IL-5, in the pulmonary space, leading to an altered
responsiveness to apoptosis. In previous reports, tissue
eosinophils within inflammatory sites did not always
undergo apoptosis following Fas stimulation [10, 11].
In nasal polyp tissue, Fas resistance of eosinophils was
observed [10]. The authors of that study emphasized
that Fas resistance had pathophysiological relevance in
chronic eosinophilic disorders. VIGNOLA et al. [11] also
reported that apoptosis of eosinophils was decreased in
the bronchi of bronchial asthma patients. The present
findings showed that eosinophils in the alveolar space
had a certain resistance to Fas-induced apoptosis.
Further investigations such as signal transduction
studies would be needed to elucidate the mechanisms
involved in this resistance. The number of PB-Eos in
the patients with CEP decreases immediately after
steroid therapy, while the resolution of pulmonary
infiltration is sometimes delayed. This delay of the
resolution might be the result of the difference in
apoptosis of PB-Eos and BAL-Eos.

In summary, the results of the present study indicate
that the apoptosis of eosinophils from bronchoalveolar
lavage were more resistant than that of eosinophils
from peripheral blood in chronic eosinophilic pneumo-
nia. The reduced apoptosis of eosinophils might be due
to the effects of over-expression of pro-inflammatory
cytokines such as interleukin-5 in the course of
eosinophil accumulation in the lung. The apoptosis of
eosinophils from peripheral blood was related to Fas
antigen on the cell surface, whereas that of eosinophils
from bronchoalveolar lavage was not. This difference
might be explained by the chronic interleukin-5
stimulation leading to tachyphylaxis of eosinophils to
interleukin-5 and a lower level of Fas expression of
eosinophils from bronchoalveolar lavage in the alveolar
space. The continuous interleukin-5 stimulation and the
change of eosinophil reactivity might play a crucial role
in chronic eosinophilic disorders in the pulmonary
space. Further studies are needed to confirm this data
and to elucidate the underlying mechanisms.
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