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The role of eosinophils in asthma 
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ABSTRACT 

Asthma is a chronic inflammatory disorder of 
the airways characterized by recurring episodes 
of reversible airway obstruction, hyper-respon- 
siveness, wheezing, breathlessness and cough- 
ing. Clinical diagnosis of asthma is based on the 
pattern of clinical symptoms and pulmonary 
fuction tests. Asthma affectes 5% - 10% of the 
population and the number of worldwide cases 
is approximately 300 milliones. The incidence of 
this disease is increasing particulry in western 
countries [1]. It is the cause of a huge economic 
burden to national healthcare services. In a mi- 
nority of cases, asthma is potentially fatal. After 
a period when fatalities appeared to be increas- 
ing [2], in recent years asthma-related mortality 
has progressively declined due to the develop- 
ment of specific asthma disease management 
programs, as well as the extensive use of in- 
haled corticosteroids [3]. Inflammation of the 
airways is a central component in asthma. In- 
flammation is associated with infliltration of the 
airway wall with eosinophiles and or neutron- 
philes mast cell degranulation and T cell active- 
tion. Other pathological features include, sub- 
basement membrane thickening, loss of epithet- 
lial cell integrity, goblet cells hyperplasia In- 
crease in airway smooth muscle mass. Eosino- 
phils are thought to be vital in the development 
of airway hyperreactivity, with the eosinophil 
cationic protein playing a crucial role [4]. The 
fact that treatment of asthma with corticos- 
teroids reduces eosinophils numbers and de- 
creases airway reactivity further supports this 
hypothesis. 
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1. ROLE OF EOSINOPHILS IN ASTHMA 

Eosinophils are formed in bone marrow and are ter- 
minally differentiated cells. In disease-free inviduals most 
eosinophils are primarily located in the gut, and can sur- 
vive for weeks, whilst their half-life in the circulation is 
less than a day. The presence of eosinophils in signifi- 
cant numbers in skin, or in the airways, is found in a va-
riety of disease processes [5-7]. Eosinophils are innate 
immune cells possessing specific cytoplasmic granules 
that contain cationic toxins capable of disabling many 
pathways. Eosinophils are derived from CD34+ pluripo- 
tent progenitor cells, a process utilizing Th2 cytokines 
IL-3 and granulocye-monocyte colony stimulating factor 
(GM-CSF) as early precursors. IL-5 involves with prim- 
ing the cells and in the terminal differentiation of eosi- 
nophils [8]. IL-5 also acts in acute disease response by 
releasing large numbers of eosinophils from the bone 
marrow into the systemic circulation. 

Bronchial eosinophilia occurs in both atopic (extrinsic) 
and non-atopic (intrinsic) asthma. There is a clear rela- 
tionship between asthma exacerbation rates and sputum 
eosinophil concentrations. Eosinophil influx into the 
lungs from capillaries is mediated by by vascular cell 
adhesion molecule-1 (VCAM-1), eotaxin, granulocyte- 
macrophage colony-stimulating factor (GM-CSF), inter- 
leukin-4 (IL-4) and IL-5. During an asthma attack, eosi- 
nophils are stimulated to release proinflammatory and 
cytotoxic mediators, and growth factors, causing aug- 
mantation of the inflammatory process. These events 
might be responsible for bronchial hyperresponsiveness 
and smooth muscle contraction, vascular leakage, hyper-
secretion of mucus, and shedding of epithelial cells. 
Eosinophils may also initiate the process of tissue repair 
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through the release of cytokines and growth factors. IL-4 
increases levels of vascular cell adhesion molecule-1 
(VCAM-1) in endothelial and airway epithelial cells, and 
may represent a crucial factor in eosinophil trafficking 
[9].  

2. ROLE OF IL-5 IN ALLERGIC  
EOSINOPHILIC DISEASE 

IL-5 is necessary for the production, maturation, ac- 
cumulation, and activation of eosinophils, as well as their 
survival [10]. It is also involved in eosinophil chemoat- 
traction. IL-5 appears to represent an ideal drug devel- 
opment target to ameliorate eosinophil toxicity in the 
asthmatic lung since it has good efficacy and is selective. 
In an in vivo models of asthma, it has been shown that 
inhibiting the effects of IL-5 using specific monoclonal 
antibodies decreases both blood and bronchoalveolar eo- 
sinophilia and modulate the response of the lung to anti- 
gene challenge. 

The Inhibition of IL-5 can prevent tissue damage due 
to eosinophil accumulation and airway inflammation 
[11]. In addition, treatment of wild type mice with neu- 
tralizing anti-IL-5 mAb preventes sub-epithelial and 
peribronchial fibrosis; this suggests that eosinophils are 
involved in allergen-induced sub-epithelial and peribron- 
chial fibrosis, which could be possibly mediated via 
TGF-1 [12]. Several trials treating asthmatic patients 
with humanized antibodies against IL-5 have not shown 
positive clinical outcomes. The randomised, double- 
blinded, placebo-controlled, parallel-group clinical trial 
by Leckie et al. [13] which was designed to validate the 
safety and activity of the humanised anti-IL-5 mAb Me- 
polizumab (SB240563), while showing significant re- 
ductions both in blood eosinophils and sputum eosino- 
phils for at least 1 month, offered no significant effect on 
pulmonary functions following allergen challenge [14]. 
Technical aspects of this clinical trial were subsequently 
criticized [15].  

A clinical trial of a humanised anti-IL-5 mAb Mepo- 
lizumab in mild asthma patients was lator reported by 
Flood-Page [16]. Whilst the antibody was shown to have 
the potential to slow the increases in airway and bone 
marrow eosinophils, it gave no clinical benefit to the 
asthmatic patients in the study. Using the humanised 
anti-IL-5 mAb Reslizumab (SCH55700) similar results 
were reported in patients with severe asthma chosen for 
their lack of symptomatic control when using inhaled 
corticosteroid use. 

More recently, two clinical trials showed clinical 
benefits when asthmatics were phenotyped [17]. An al- 
ternative approach has been molecular modelling of the 
IL-5 receptor -chain to construct specific receptor an- 
tagonists. The compound, YM-90709, was shown to be a 
selective inhibitor of the IL-5R [18]. Despite the use of 

humanised anti-IL-5 mAb initially providing disappoint- 
ing clinical outcomes, more recently treatment of se- 
vere asthmatics with high eosinophils using an anti-IL-5 
mAb has been found to reduce the number of exacerba- 
tions [19], and was suggested to be a potential effective 
approach for the long-term treatment of patients with 
eosinophilic disorders including asthma [20]. 

Eosinophils may be also important in the pathophysi- 
ology of airway remodelling. TGF release, thickening 
of sub-epithelial basement membranes are associated 
with bronchial mucosal eosinophils particularly in se- 
vere asthmatics [21].  

Treatment of asthma patients with Mepolizumab, to 
reduce airway eosinophil numbers, considerably reduces 
the expression of tenascin (an extracellular matrix gly- 
coprotein involved with wound healing), lumican (which 
binds collagen fibrils and regulates interfibrillar spac- 
ings), and procollagen III (a fibrillar collagen present in 
extensible connective tissues such as lung) in the bron- 
chial mucosal reticular basement membrane, whilst anti- 
IL-5 treatment reduces numbers of airway eosinophils 
expressing mRNA for TGF-1 and the concentration of 
TGF-1 in bronchoalveolar lavage fluid [16]. It was 
concluded that eosinophils might contribute to tissue 
remodelling processes in asthma by regulating the ex- 
tracellular matrix protein deposition and anti-IL-5 mAb 
may prove useful in preventing this. 

3. ROLE OF AIRWAY EPITHELIUM IN 
ENGULFING APOPTOTIC  
EOSINOPHILS 

The airway epithelium is predominantly comprised of 
ciliated, nonciliated, and basal cells. Epithelial cell dam- 
age resulting in cilial dysfunction and loss represents a 
core characteristic of asthma pathogenesis and is consid- 
ered an important contributor to hyperresponsiveness of 
the airways. 

Walsh’s group has already shown [22] that an apop- 
totic differentiated eosinophilic cell line (EoL-1) was 
distinguished via specific recognition mechanisms, and 
then ingested, by the large bronchial airway epithelial 
human cells, LAEC and A549, and that this process is 
up-regulated by the pro-inflammatory cytokine IL-1β 
and the glucocorticoid dexamethasone. Treatment of 
EoL-1 cells with dexamethasone generates a large in- 
crease in apoptosis, suggesting that the differentiated 
EoL-1 apoptotic response to glucocorticoids is similar to 
primary human eosinophils [23,24]. SAEC, LAEC and 
A549 have a similar capacity and receptor-usage when 
recognising and engulfing apoptotic eosinophils, al- 
though neither resting nor cytokine stimulation SAEC, 
LAEC, or A549 recognise or ingest apoptotic neutrophils 
[25]. Treating asthma with glucocorticoid therapy re- 
duces airway inflammation by inhibiting cytokine pro- 
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duction and by stimulating PBE clearance [26]. High 
concentrations of glucocorticoids are known to induce 
eosinophil apoptosis in vitro [27,28]. Chauhan et al. [29] 
have shown that, when using low serum-containing me- 
dia, treatment of undifferentiated EoL-1 cells with dex- 
amethasone induced an apoptotic pathway that was in- 
hibited by IL-5. Using confocal microscopy, our own 
results demonstrated that EoL-1 cells are localized to the 
surface of A549 and are enclosed by a dense concentra- 
tion of F-actin, an observation suggestive of phagocytic 
cup formation by the phagocyte. That stimulation of 
LAEC or A549 with IL-1β enhances the phagocytic ca- 
pacity for apoptotic differentiated EoL-1 may be related 
to the fact that the same cytokine is believed to promote 
eosinophil accumulation via augmenting eotaxin produc- 
tion by the airway epithelium [30]. 

It seems likely that cytokines concerned in the accu- 
mulation of eosinophils would also prepare resident cells 
to remove apoptotic eosinophils, in an analogous manner 
to the clearance of apoptotic neutrophils by cytokine- 
stimulated monocyte-derived macrophages [31]. 

The benefical action of glucocorticoids to reduce eosi- 
nophilic inflammation may entail an increase of eosino- 
phil apoptosis [28,32] and ensuing detection and engulf- 
ment by alveolar macrophages [33]. Treatment of LAEC 
and A549 with glucocorticoids enhances the numbers of 
cells engulfing apoptotic differentiated EoL-1. In con- 
cordance with this is that Liu et al. [34] has established 
the potentiation of nonphlogistic clearance of apoptotic 
neutrophils and eosinophils by inflammatory macropha- 
ges following exposure to glucocorticoids, but does not 
occur with non-glucocorticoid steroids. 

How apoptotic cells are recognised appears to relate to 
the specific cell type responsible for their engulfment. 
That lectin and integrin are involved in the recognition of 
apoptotic cells has been described in several studies: 
 An uncharacterised lectin-dependent interaction [35]; 
 CD36 and αvβ3 involvement in identification by 

macrophages of apoptotic eosinophils/neutrophils [36]; 
 αvβ5 has been causally linked to the recognition of 

apoptotic cells by immature dendritic cells [37]; and 
rod outer segments by retinal pigmented epithelium 
[38]; 

 A stereo-specific recognition of phosphatidylserine 
expressed on apoptotic cells after loss of membrane 
asymmetry [39,40]; 

 Macrophage scavenger receptors [41,42]. 
Additionally, Walsh’s laboratory has shown [43] that 

the amino sugars glucoseamine, n-acetyl glucosamine, 
and galactosamine significantly inhibit uptake of aged 
human apoptotic differentiated EoL-1 by LAEC or A549. 
The tetrapeptide Arg-Gly-Asp-Ser (RGDS) has been 
used to blockade integrin interactions between different- 
tiated EoL-1 and airway epithelium since it contains the 

ubiquitously recognised RGD motif for integrins. Fur- 
thermore, incubation of apoptotic differentiated EoL-1 
with RGDS significantly reduced their uptake by LAEC 
or A549, whilst a control tetrapeptide (RGES) (define 
acronym) showed no effect on ingestion of apoptotic 
differentiated EoL-1. Monoclonal antibodies to αvβ3, 
αvβ5, β5, and CD36 inhibit the phagocytic process which 
underlines their individual roles in the processes in- 
volved. These findings are consistent with previous work 
using apoptotic human peripheral blood eosinophils 
(PBE) [24,44]. Furthermore, flow cytometry has demon- 
strated that αvβ3, αvβ5 and CD36 are expressed at mid- 
high levels in both LAEC and A549, while the subunit 
β5 was expressed in A549 epithelial cells. 

The exposure of phosphatidylserine in the outer leaflet 

of the plasma membrane represents a conspicuous change 
on the surface of apoptotic cells. We demonstrated inhi- 
bition of uptake of apoptotic differentiated EoL-1 after 
mAb-dependent blockade of the putative phosphatidyl- 
serine receptor (PSR). We have extended previous find- 
ings for PSR in phagocyte-apoptotic cell interactions 
[45-50] to demonstrate a role for this recaptor in epithe- 
lial cell detection of apoptotic differentiated EoL-1, and 
this receptor may well be responsible for inducing the 
release of the important antinflammatory, antiimmuno- 
genic molecule, TGF-β.  

4. CONCLUSION 

Selective eosinophil accumulation in lung tissue, cha- 
racteristic of asthmatic inflammation, is concomitant 
with activation and release of apotent pro-inflammatory 
cocktail of granule-derived basic proteins, mediators, 
cytokines and chemokines. A number of approaches, as 
outlined in this review, seek biochemically to diminish 
the impact of asthmatic inflammation, and encouraging 
clinical results are starting to emerge, most particularly 
when using anti-IL-5 mAb. The use of glucocorticoids 
and the amino sugars glucoseamine, n-acetyl glucose- 
mine, and galactosamine, also appear promising appro- 
aches and may eventually play an important future role 
in curbing tissue damage due to eosinophil accumulation 
during airway inflammation. 
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