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1. Eosinophil.  In 1846, it wass described as ‘course 
granule cells’  in the blood of various species, including 
humans.  This represented the first description of the 
eosinophil and was further expanded upon in 1865 
and detailed some of the eosinophil’s morphological 
features and considered it a distinct cell type.1 The 
term ‘eosinophil’ was first used in 1879  and acquired 
its named because of its affinity to the acid aniline 
dye eosin. Since 1879 an understanding of their role 
in a number of diseases has slowly evolved. Increased 
eosinophil numbers in the blood  (eosinophilia) have 
been associated with a number of diseases including 
parasitic infections (such as helminthic infections), 
cancer, asthma and other allergic diseases.2 Initial 
assumptions of the protective role of eosinophils in 
parasite immunity have been proved correct. However, 
an equally protective role was ascribed to the eosinophil 
in asthma and other allergic diseases though evidence 
continues to mount on the damage caused by these 
cells in these disease states when their toxic potential 
is realized.3 

Eosinophils are non-dividing, bone marrow-derived, 
fully differentiated end cells. They are approximately 
10-15 μm in diameter and are morphologically 
distinguishable by their bilobed nucleus and distinct 
granules of varying sizes. Eosinophil half-life in the 
circulation is 13-18 hours. In healthy individuals, the 
majority of eosinophils are found in tissues, primarily in 
the  gut, where they survive for  several days to weeks. 
Their presence in the skin or the airway in significant 
numbers is usually associated with disease processes.3-5 
Eosinophils are produced in the bone marrow. As with 
basophils, they are derived from CD34+ pluripotent 
progenitor cells through the influences of Th2 cytokine 
interlukin (IL)-3, IL-5, and granulocye-monocyte 
colony stimulating factor (GM-CSF). Interlukin-3 and 
GM-CSF seems to act on early precursors, whilst IL-
5 acts later, during differentiation.6 Interlukin-5 has a 
very cell-specific effects on differentiation and, in terms 
of eosinophil production, it acts acutely to release large 
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Apoptosis, or program cell death, is a process of 
fundamental biological importance, and eosinophil 
apoptosis is believed to be the primary mechanism 
for removing eosinophils from the lung followed by 
their recognition and phagocytosis by macrophages or 
resident bronchial epithelial cells. There is, therefore, 
an increased interest in the fundamental role of the 
signals and intracellular signaling molecules that 
initiate and control apoptosis in human eosinophils 
though much remains to be established. This article 
reviews briefly the cross talks between apoptosis and 
eosinophils and summarizes the recent developments 
in this field. 
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numbers of eosinophils into the circulation from the 
bone marrow.

2. Characteristics of eosinophils.  Eosinophils are 
principally secretory cells. They feature membrane-
bound, arginine-rich specific granules stain a striking 
reddish-pink glow with basic aniline dyes such as eosin 
and consists of a crystalline core composed of major 
basic protein (MBP), which surrounded by a matrix 
of eosinophil peroxidase (EPO), eosinophil cationic 
protein (ECP), and eosinophil protein X/eosinophil-
derived neurotoxin (EPX/EDN).7,8  In addition to their 
granule-derived performed mediators (namely platelet 
activating factor [PAF]), eosinophils have been shown 
to have the capacity to generate cytokines (namely IL-
2, IL-6), chemokines (namely monocyte chemotactic 
protein 1 [MCP-1]), and reactive oxygen species. 

3. Eosinophil granule proteins. 3.1. Major basic 
protein (MBP). Major basic protein is an arginine and 
cysteine-rich polypeptide (13.8-kDa) composed of 117 
amino acids.9,10 Studies using guinea pigs identified 
this protein as the major (-50%) protein in eosinophil 
granules.11,12 The protein is not, however, restricted to 
eosinophils as both basophils and placental cells possess 
the protein2 though at much lower concentrations. Major 
basic protein cytotoxicity is capable of killing a variety 
of mammalian and parasitic cells, including human 
pneumocytes.13 Its other functions include stimulating 
degranulation of mast cells and basophils, contraction 
of airway smooth muscle, inhibition of airway mucous 
production and stimulation of EDN and IL-8 secretion 
by eosinophils.13 In addition, MBP can, like EPO, act 
as an allosteric antagonist against the muscarinic M2 
receptors on the airway epithelium.14 The function of 
the eosinophil as a cytotoxic, pro-inflammatory cell in 
asthma is in part a consequence of the function of its 
secreted granule proteins.

3.2. Eosinophil cationic protein (ECP).  Eosinophil 
cationic protein is a variably glycosylated, zinc and 
arginine-rich single chain peptide with a molecular 
mass of 16-21.4 kDa.15  It is also termed RNase 3 due to 
its homologies with both human and other vertebrate 
RNases16 and also shares a 70% amino acid sequence 
homology with EDN. Eosinophil cationic protein is 
cytotoxic to mammalian cells and microorganisms 
killing cells by creating pores in their surface membrane. 
These pores are large enough to allow water to freely 
enter the cell, which dies by osmotic lysis.16 Eosinophil 
cationic protein has been shown to stimulate mucous 
hypersecretion and macromolecular transport in the 
microvasculature, which are important contributors to 
the pathological appearance of the asthmatic airway.17 
Eosinophil cationic protein has also been shown to 
activate mast cells and induce secretion of histamine 
and trypase, further evidence of its pro-inflammatory 

capacity.3 The stored and secreted forms of ECP differ 
structurally and antigenically, allowing the secreted 
form of ECP to be detected as an eosinophil activation 
marker by immunostaining with the monoclonal 
antibody (mAb) EG2.3 Eosinophil cationic protein can 
also be measured by radioimmunoassay.   There is a 
closed relationship between asthma severity and levels 
of ECP and EG2 stained esopnophils.18-20

3.3. Eosinophil peroxidase (EPO). Eosinophil 
peroxidase is a dimeric haem-containing protein with 
a total molecular mass of 67kDa, and is composed 
of a light (15kDa) and heavy (52kDa) chain.21,22 It 
catalyses the peroxidative oxidation of halides and 
pseudohalides and, as such, is a member of the wider 
family of haloperoxidases. It is exclusively localized 
to the matrix of the secondary granules23,24 where, in 
humans, it accounts for 15% (-15pg/cell) of the total 
granule protein.21 Its toxic effects are more potent 
when combined with hydrogen peroxide and halide to 
form toxic hypohalous acids.  Its biological functions 
are mainly attributed to its peroxidase activity, though 
other non-peroxidase activities have been suggested, 
including damage to nasal sinus mucosa. Mast cell 
release of histamine and platelet aggregation has been 
attributed to EPO.25 It has potent cytotoxic effects 
capable of killing parasites26 and bacteria.27,28 Eosinophil 
peroxidase can also cause neutrophil accumulation in 
the airway, by autocrine stimulation of  IL-8 secretion 
by eosinophils.3  Interluken-8 has also been shown to 
behave as a chemo-attractant for eosinophils in atopic 
patients.3,29

3.4. Eosinophil derived neurotoxin.   Eosinophil 
derived neurotoxin is a member of the RNase, a 
multigene family localized to the matrix of the specific 
granules, sharing a large amino acid homology with ECP, 
70% for the ‘pre’ form of both.30,31 Eosinophil derived 
neurotoxin, however, is a more potent RNase than 
ECP.32 It is an 18.5 kDa, single chain polypeptide,30,35 

and because of a relatively lower number of arginine 
residues in the protein, is up to 100 times more acidic 
than either human MBP or ECP. This fundamental 
difference may also cause its reduced cytotoxicity.31 
The protein can be found in basophils, mononuclear 
cells and possibly neutrophils, and may be secreted by 
the liver.33-35 Eosinophil derived neurotoxin, despite 
its name, is a much less potent neurotoxin than ECP, 
requiring concentrations of 100 times greater to induce 
the ‘Gordon pheomenon’ in experimental animals.3 
An important function of EDN is the paralysis of 
Schistosoma Mansoni larvae, thus preventing further 
infiltration of the parasite.3

3.5. Charcot-leyden crystals. These highly characteristic 
needle-shaped crystal structures were first described in 
tissue from a patient with leukemia.36 They can also be 
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observed in the sputum of asthmatic patients.37 This 
protein is localized from the primary granules of mature 
eosinophils38 and also present in basophils in a roughly 
equal amount.39,40  The crystals are colorless, hexagonal, 
and bi-pyramidal, 20-40 μm in length and 2-4 mm 
across, and are routinely found in the feces and sputum 
of animals with severe gastrointestinal and respiratory 
eosinophilia.41 The protein is 17.4 kDa, hydrophobic 
and possesses lysophospholipase activity.42-44

3.6. Cysteinyl leukotrienes. The cysteinyl  leukotrienes 
(LTs) are produced by lipoxygenation of arachadonic 
acid.45  There are 4 types of leukotriene, LTB4, LTC4, 
LTD4, and LTE4. Eosinophils and mast cells are the 
main infiltrating cell types capable of producing and 
liberating leukotrienes in the asthmatic airway, although 
resident cells, such as bronchial vascular endothelium 
may also be induced to produce leukotrienes, by 
transcellular metabolism.45 The biological effects 
of the LTs are diverse and profound, and include 
stimulation of airway smooth muscle contraction, 
edema of the airway wall, and stimulation of mucous 
secretion.46 In bronchial challenge testing, inhaled 
LTs have a more prolonged bronchoconstrictor effect 
than metacholine or histamine47 and occur with much 
smaller concentrations of agonist. Of the different types 
of leukotrienes, LTE4 appears to be more provocative 
in inducing a drop in forced expiratory volume (FEV1) 
compared to LTD4 and LTC4.47 Interestingly, there 
is also evidence that aspirin sensitive asthmatics are 
even more responsive to LTE4 than other asthmatics, 
indicating a role for leukotrienes in the pathogenesis of 
aspirin-sensitive asthma.45  Leukotrienes are detectable 
in the serum, bronchoalveolar lavage (BAL) fluid, and 
urine of asthmatic subjects in higher concentrations 
than normal subjects.45 Studies of urinary leukotriene 
concentrations during exacerbation of asthma found 
no correlation with asthma severity, yet over 60% of 
asthmatics presenting with emergency acute asthma 
exacerbation had elevated urinary LTE4 compared to 
normal matched subjects. As a therapeutic intervention, 
both leukotriene receptor antagonists and leukotriene 
synthesis inhibitors have been used in clinically. 
Improvements in the lung function of chronic 
stable asthmatics have been demonstrated in several 
randomized, placebo-controlled clinical trials of LTs 
receptor agonist, and leukotriene synthesis inhibitors 
over 4-weeks and 6 months treatment periods.45 These 
trials demonstrated improvements in the lung function 
of approximately 15% reduced bronchodilator use, 
fewer courses of oral corticosteroid therapy, and in 
one study, a higher asthma-specific quality of life 
score when compared with placebo. Indeed, a recent 
trial of Montelukast (a leukotriene receptor agonist) 
was found to reduce eosinophil numbers in sputum, 

reduce symptoms, and increase the peak expiratory flow 
(PEF) in asthmatic patients.48  It is clear that the LTs 
play a significant role in the pathogenesis of asthmatic 
inflammation. 

3.7. Reactive oxygen species (ROS). Reactive oxygen 
species are capable of damage to proteins, lipids and 
nucleic acids, and are highly reactive components of 
the normal inflammatory response to pathogens.49 They 
are produced by activated macrophages, eosinophils, 
neutrophils and mast cells. Reactive oxygen species 
include the superoxide anion (O2-), the hydroxide 
radical (OH), and hydrogen peroxide (H2O2). They can 
initiate the oxidation of arachadonic acid, creating lipid 
mediators such as the LTs. Oxidative stress has been 
shown to induce expression of the transcription factor 
nuclear factor kappa ß (NFκb), which leads to the 
increased transcription of several inducible genes such 
as nitric oxide synthase, COX2 and several cytokines, 
including IL-8 and regulated on activation, normal T-
cell expressed and secreted (RANTES).49  Thus, ROS 
can be considered important inflammatory mediators 
in allergic inflammation. The physiological effects of 
ROS are diverse, and include bronchoconstriction, 
airway hyper-responsiveness (which is inhibited by 
antioxidants and superoxide dismutase), and epithelial 
cell damage indirectly by stimulating eosinophil release 
of EPO.49  Evidence for the potential role of ROS in 
asthma pathogenesis comes from experiments showing 
eosinophil release of superoxide anion which is greater 
in asthmatics than controls.49 Studies have associated 
reduced dietary intake of antioxidant vitamins with 
an increased risk of developing AHR and ‘wheezy 
illness’.50-52

3.8. Platelet activating factor.  Platelet-activating factor 
(PAF) is produced by several cells, including platelets, 
basophils, eosinophils and neutrophils. Although PAF 
was first described as a powerful stimulator of platelet 
aggregation, it has several effects. One of the most 
important is its role in the allergic and inflammatory 
responses. This lipid mediator is derived from hydrolysis 
of membrane phospholipids by phospholipase A2 to 
produce lyso-PAF and a subsequent acetylation by an 
acetyltransferase to produce active PAF. The active form 
can induce bronchoconstriction, airway microvascular 
leakage and eosinophil chemotaxis.53 It has also been 
demonstrated to promote adhesion of neutrophils and 
eosinophils to vascular endothelial cells54،55 and inducing 
the release of eosinophil peroxidase from eosinophils.56 
Alveolar macrophages and monocytes have been shown 
to produce TNF and IL-1, respectively, when exposed 
to PAF.57,58

3.9. Cytokines and chemokines. Eosinophils 
can produce 18 growth factors and regulatory or 
proinflammatory cytokines59 including IL-2,60 IL-4,61 
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IL-5,62 and granulocyte macrophage colony stimulating 
factor (GM-CSF).63 They also generate the chemokines 
eotaxin, macrophage inflammatory protein (MIP)-
1α, monocyte chemotactic protein (MCP)-1 and -3 
RANTES. These molecules are stored by the eosinophil 
in their granules for subsequent release. These eosinophil 
derived factors can act both in a paracrine and autocrine 
manner to influence on the allergic and asthmatic 
inflammatory response. 

4. Eosinophil cell surface receptors. Eosinophils 
express a variety of receptors on their plasma membrane, 
including receptors involved in adhesion. They also 
express receptors for cytokines, complement and 
immunoglobulins64 (Table 1).

4.1. Adhesion molecules.  Receptors involved in 
eosinophil adhesion can be divided into selectins (L-, 
P-, and E- selectin), Integrins (α4β1, very late antigen 
(VLA)-4, and α4β7, CD11a/CD18, CD11b/CD18, 

and CD11c/CD18) and immunoglobulin-like 
structures (ICAM-1/-3, PECAM). 

4.2. Cytokine receptors.  Most cytokine receptors 
consist of 2 or more subunits, one of which is ligand-
specific. The other sub-units are associated with signal 
generation and transduction. Several cytokine receptors 
use a common signal transducer, which might explain 
the redundancy of the cytokine functions. Interlukin-3, 
IL-5 and GM-CSF share a common β chain and have 
their own cytokine-specific α chains. The fact that it is 
only expressed on eosinophils and basophils makes the 
IL-5 receptor is fairly specific. In contrast, receptors for 
IL-3 and GM-CSF may be demonstrated on many types 
of hematopoietic cells.65 According to which chemokines 
they bind, their receptors are named CCR or CXCR.  
Currently, 5 CXC receptors and 8 CC receptors have 
been described.66 Eosinophils, basophils and activated 
lymphocytes express CCR-1 and CCR-3. Regulated on 

Table 1 - Eosinophil adhesion molecules, cytokines and chemokine receptors and their ligands.

Molecules expressed on 
eosinophil

Eosinophel receptor Ligands

Adhesion molecules L-selectin MAdCAM-1, CD34
VLA-4 (CD49d/CD29)                   VCAM-1, fibronectin
VLA-6 (CD49f/CD29)                    Laminin

CD11a/CD18                                 ICAM-1, -2, -3
CD11b/CD18                                 ICAM-1, fibrinogen,  C3bi

   CD11c/CD18 Fibrinogen, C3bi

α4ß7 MAdCAM-1, VCAM-1, fibronectin

ICAM-1/-3, PECAM                     PECAM-1, Avα3
Sialyl Lewis X                               E-selectin

Cytokines and chemokins IL-2R (CD25) IL_2

IL-3Rα+ ß chain                             IL-3

IL-5Rα+ ß chain                             IL-5

GM-CSFRα+ ß chain                     GM-CSF

CXCR-1                                         IL-8, GCP2
CXCR-2                                         IL-8, GROααα, ENA-78, NAP-2
CXCR-3                                         IP-10, MIG
CXCR-4                                         SDF-1α
CCR-1 MIP-1α, MIP-1α, MCP-1, MCP-3, RANTES 
CCR-2 MCP-1, MCP-5
CCR-4 SDF-1α
CCR-5 MIP-1α, MIP-1α, MCP-1, MCP-3, RANTES 
CCR-6 MIP-3α
CCR-7 MIP-3α, SLC
CCR-8 I-309

IL - interlukin, IFN - interferon, TGF - tumor necrosis factor, MCP-1 - monocyte chemotactic protein  1,  MIP-1α - macrophage 
inflammatory protein 1α, PDGF - platelet derived growth factor, VEGR - vascular endothelial growth factor, RANTES - regulated upon 

activation, normal T-cell expressed and secreted, GM-CSF - granulocye-monocyte colony stimulating factor, VLA - very late antigen,
 ICAM - intracellular adhesion molecule, VCAM - vascular adhesion molecule, BCL - B cell lymphoma, CCR - cysteine-cysteine receptor, 

CXCR - cysteine-X-cysteine receptor
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activation normal T cell expressed and secreted, MIP-
1α, and MCP-3 are examples of chemokines binding 
to CCR-1. Cysteine-cysteine receptor-3 represents the 
main receptor for eotaxin and eotaxin-2, but it also 
binds RANTES, MCP-2, MCP-3, and MCP-4.66-67 

4.3. Other cell surface receptors.  Eosinophils express 
apoptosis-inducing structures such as CD45, CD69, 
and CD95 (Fas). CD45, which commonly referred to 
as the ‘leukocyte-common antigen’, is a transmembrane 
protein tyrosine phosphatase (PTPase) and appears to be 
the dominant plasma membrane-located phosphatase 
found on the nucleated cells of the hemopoietic 
lineage.68  Although encoded by a single gene, alternative 
splicing of primary messenger RNA transcripts causes 
CD45 to be expressed in characteristic cell type-specific 
patterns as a protein with differently glycosylated 
multiple isoforms that include CD45RA, CD45RB, 
and CD45RO.69 The protein tyrosine phosphatase 
activity of CD45 plays an essential role in intracellular 
signal transduction in the immune system.70 A member 
of the C-type lectin family of surface receptors, CD69 is 
a type II integral membrane signalling receptor known 
to be involved with lymphocytes as an early activation 
antigen.71  It is found on stimulated T cells, B cells, and 
natural killer (NK) cells. CD69 gene has been mapped 
to the chromosome 12 p13-p12 humans, and following 
sequencing has been identified as a member of the Ca2+ 
dependent lectin superfamily.72   Fas (APO-1/CD95) is a 
membrane glycoprotein belonging to the tumor necrosis 
factor receptor family.73  Fas antigen is expressed on the 
surface of a variety of cell types, including thymocytes, 
T and B cells, monocyte, macrophages, keratinocytes, 
eosinophils, and epithelial and endothelial cells.74-76

5. Eosinophil recruitment.  Seven hours after allergen 
challenge during the late phase response, eosinophils 
increase in sputum samples of asthmatics, and this is 
associated with the appearance of eosinophil- basophil 
progenitors, and eosinophilia in peripheral blood.77 
Progenitor CD34+ cells bear the IL-5 receptor (IL-5R) 
with increased responsiveness to IL-5 suggesting they 
are primed toward the development of eosinophils.78 It 
is known that IL5 is produced during the inflammatory 
response within lung tissue in asthma and that it acts 
to increase the production of eosinophils by a direct 
hormonal action on bone marrow.79 That eosinophil 
progenitors and eosinophil growth factors IL-3, IL-5 
and GM- CSF are observed  within the asthmatic 
lung suggests the presence of some in-situ eosinophil 
differentiation.80 The tissue migration of eosinophils is 
a one-way process, as there is no mechanism to export 
eosinophils once they have entered the tissues;81,82 
therefore the regulation of eosinophil migration into 
the lung is of crucial importance in the pathogenesis 
of asthma.79,81 Local chemo-attractant factors cause the 

migration of eosinophils into the airways.83 Chemotactic 
substances acting on eosinophils include various 
chemokines (MIP-1α, RANTES, eotaxin, eotaxin2, 
macrophage derived chemokine (MDC), MCP-2, 
MCP-3, MCP-4, IL-8 and IL-16), lipid mediators 
(LTB4 and PAF), and anaphylatoxins (C3a and 
c5a).84-86  That patients with asthma have an increased 
eosinophil count due to increased eosinophilopoiesis 
and also an increased rate of release from bone marrow.  
Eosinophil egress from the blood vessels involves 
complex interactions between adhesion molecules on 
the eosinophils with counter ligands on endothelial 
cells.87 Subsequent adhesive events include tethering 
and rolling on the endothelial surface, firm adhesion 
and transendothelial migration. Weak bonds between 
P-selectin and P-selectin glycoprotein ligand-1 (PSGL-
1) assist the initial reversible tethering and rolling 
of eosinophils on the endothelium. They also assist 
with very late activation antigen-4 (VLA-4) through 
the involvement of vascular cell adhesion molecule-1 
(VCAM-1). Weibel-palade bodies store preformed P 
selectin intracellularly until histamine and PAF cause 
them to relocate to the surface of the endothelium.88 
After tethering and rolling of eosinophils, activation 
is mediated by chemoattractants.89 Migration of the 
tethered cells along the endothelium is fostered by 
chemoattractants. In support of this process, chemokines 
are deposited in a solid phase, with their concentration 
gradient generating activation, diapedesis, and migration 
into the tissue.90 This activation causes up-regulation of 
β2-integrins (Mac-1 and  leukocyte function-associated 
antigen-1 LFA-1) and β1-integrin (VLA-4).  Whilst 
β2-integrins bind to ICAM-1 on the endothelium,  
β1-integrin binds to VCAM-1, and this causes cessation 
of movement, that is critical for transmigration.91   The 
accumulation of eosinophils  is not solely dependent 
on adhesion molecules. A number of cytokines and 
chemokines are implicated in the selective accumulation 
of eosinophils in the asthmatic airway.92  Interlukin-4 
and IL-13 induce expression of VCAM-1, whereas 
TNF-α and IL-1 induce expression of ICAM-1 on 
the surface of endothelial cells.93-95 Interluken-13 has 
been found in BAL following allergen provocation of 
asthmatic subjects, which strongly correlated with the 
increase in eosinophil numbers,96 and mRNA expression 
for IL-13 was detected in bronchial biopsies from both 
allergic and non-allergic asthmatic subjects.97  Transient 
activation of VLA-4 by RANTES increasing the 
adhesiveness of the eosinophils to VCAM-1. However, 
MCP-3 stimulation results in a conformational 
change of Mac-1, which causes an increase in ICAM-1 
adhesion.98 Binding of the CC chemokines (eotaxin, 
eotaxin2, RANTES and MCP-3) to their G-protein-
coupled receptors generates polymerization, a process 
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controlled by calcium influx. Breakdown of actin leads 
to the formation and retraction of lamellipodia, which 
assist movement of the migrating cells.99 Migration 
across the endothelium further requires the presence 
of matrix metalloprotease-9 (MMP-9), which degrades 
type IV collagen, entactin, proteoglycans, and elastin, 
and thus allowing  eosinophil penetration through the 
basement membrane.100 The precursor form of MMP-9 
is highly expressed in eosinophils, and enzyme activation 
is triggered whenever eosinophils adhere to endothelial 
or epithelial cells.101 The high availbility of this enzyme 
combined with its ability to degrade epithelial adhesion 
molecules, epithelial basement membrane collagen 
and proteoglycans gives it a central responsibility in 
the remodeling of airways.102 Once they have migrated 
through the endothelium, eosinophils encounter 
extracellular matrix (ECM) proteins, which seem 
likely in playing an important part in the regulation of 
eosinophil activation.103

6. Role of IL-5 in allergic eosinophilic disease. 
Interlukin-5 is produced by a number of cell types, and is 
essential for the production, maturation, accumulation, 
activation and persistence of eosinophils.104 As a result 
of its efficacy and selectivity, IL-5 appeared to be an 
ideal drug development target for inhibition to blunt 
or prevent the eosinophil toxicity in the asthmatic 
lung. Several animal models of asthma provided good 
evidence that inhibiting the actions of IL-5 using 
specific monoclonal antibodies can reduce blood and 
bronchoalveolar eosinophilia caused by allergic challenge 
or chronic diseases. Thus, by unilaterally inhibiting IL-5 
it could reasonably be presumed and we could suppress 
at least one of putative causes of asthma, namely tissue 
damage secondary to eosinophil accumulation during 
airways inflammation.105  However, several clinical trials 
with humanized antibodies against IL-5 have reported 
negative clinical outcomes following treatment of 
asthmatic patients. The first study was randomized, 
double-blinded, placebo-controlled, parallel-group 
designed to validate the safety and activity of the 
humanized anti-IL-5 mAb mepolizumab (SB240563).106 
The authors concluded that treatment with anti-IL-5 
mAb significantly reduced blood eosinophils and 
sputum eosinophils for at least 4 weeks but did not 
have any significant effect on allergen challenge and 
questioned the role of eosinophils in this process.107 
The validity of patient selection in this study has also 
been questioned as the subjects had mild asthma that, if 
treated with GCs rather than mepolizumab, would likely 
have resulted in the same negative clinical outcome.108 

Recently, a clinical trial of a humanized anti-IL-5 mAb 
mepolizumab in mild asthma was carried out.109 The 
antibody is shown to have a potential to inhibit the 
increases in the numbers of airway and bone marrow 

eosinophils, but asthmatic symptoms in patients was 
not affected. Kips et al110 have examined the lung biopsy 
samples from the treatment group contained intact tissue 
eosinophils with large quantities of eosinophil granule 
proteins and found that there is no clinical benefit 
following mepolizumab treatment. Similar results were 
reported with the humanized anti-IL-5 mAb reslizumab 
(SCH55700) in patients with severe asthma who had 
not been controlled by inhaled corticosteroid use. These 
authors reported profound reduction in circulating 
eosinophils, but no significant improvement in clinical 
measures of asthma. An alternative to humanized 
anti-IL-5 mAb is the use of molecular modelling of 
the IL-5 receptor α-chain to develop specific receptor 
antagonists. Recently such a compound (YM-90709) 
has been shown to be a relatively selective inhibitor of 
the IL-5R.111  However, it has been shown that targeting 
IL-5 does not improve established asthma; a result 
observed in a number of animal models of asthma. 
It has been suggested that the disappointing clinical 
outcomes with humanized anti-IL-5 mAb casts doubt 
on the important of the eosinophil as a key effector 
cell in asthma. However, these opinions can neither be 
used to support nor refute the role of eosinophils in the 
pathogenesis of allergic asthma. Furthermore, asthma 
is a complex disorder and eosinophils are likely to be 
more important in some forms of asthma than others. 
There is an increasing evidence that the eosinophil 
may be important in the pathophysiology of airway 
remodelling. For example, thickening of sub-epithelial 
basement membrane was associated with increase in 
bronchial mucosal eosinophils in severe asthmatics 
through the release of substances, particularly TGFβ, 
involved in ECM protein deposition.112 Flood-Page 
et al109 demonstrated that treatment of asthmatics 
with mepolizumab, which specifically reduced the 
airway eosinophil numbers, significantly reduced the 
expression of tenascin, lumican, and procollagen III in 
the bronchial mucosal reticular basement membrane 
when compared with placebo. Furthermore, anti-IL-5 
treatment causes a substantial reduction in the number 
of airway eosinophils expressing mRNA for TGF-
ß1 as well as lowers the concentration of TGF-ß1 in 
BAL fluid.109 The authors concluded that eosinophils 
might contribute to tissue remodelling processes in 
asthma by regulating the ECM protein deposition and 
anti-IL-5 mAb may prove useful in preventing this. 
Interestingly, a more recent study demonstrated that 
treatment of wild type mice with neutralizing anti-IL-5 
mAb almost prevented sub-epithelial and peribronchial 
fibrosis suggesting that eosinophils are involved in 
allergen-induced sub-epithelial and peribronchial 
fibrosis probably by producing TGF-ß1.113 Although 
anti-IL-5 mAbs are extremely effective in the long-term 



649www. smj.org.sa     Saudi Med J 2008; Vol. 29 (5) 

Apoptosis and eosinophils ... Alenzi

reduction of eosinophils, it has not effect on airway 
hyper-responsivenss. This approach nonetheless merits 
further study in patients with symptomatic asthma. 
It also highlights the importance of developing more 
effective anti-eosinophil strategies for asthma therapy.  

7. Activation of the eosinophil.  Eosinophils become 
activated with hypodense phenotype after arrival at 
inflammatory sites in the airways.114 When activated, 
eosinophils express a variety of inflammatory-related 
receptors for cytokines, chemokines, immunoglobulins 
and complement. During this process, complement-
derived anaphylatoxins C3a and C5a bind to specific 
cellular receptors, which activates the respiratory burst 
in eosinophils. C5a represents a chemo-attractant for 
neutrophils and eosinophils. By inducing the release 
of granule proteins in eosinophils, and by generating 
free oxygen radicals that cause damage to the airways, 
it represents an important metabolic activator process.67 
Secretory IgA-IL-8 complex represents a potent 
eosinophil chemoattractant. It stimulates degranulation. 
The secretory component controls its potency.115 
Interlukin-3, IL-5, GM-CSF are the cytokines that 
simulate eosinophilopoiesis  and can activate their 
effector functions.  They bind to a receptor with common 
β-chain and different α chains.116  Interlukin-3, IL-5, 
GM-CSF prime the eosinophil response to chemo-
attractants. They also increase degranulation, promote 
longer survival (by inhibition of apoptosis), and cause 
a greater production free oxygen radicals. Furthermore, 
eosinophils express the EG2 epitope (activated EG2 + 
eosinophils)117 when activated by IL -5. 

8. Apoptosis.  Apoptosis and necrosis are discrete 
methods of cell death. Necrosis is a chaotic, unregulated 
loss of membrane integrity, which results in the spillage 
of intracellular contents.118 Necrosis of an eosinophil, 
which possesses such a potent array of cytotoxic 
mediators, is very harmful to the surrounding airway 
tissue.118 In contrast, apoptosis is a regulated process of 
self-destruction program that maintains the integrity 
of the outer membrane, thus preventing spillage of 
the cellular contents.119 Apoptosis is a complex, tightly 
regulated and active cellular process. The phases 
of apoptosis are accompanied  by well-recognized  
morphological   changes including: shrinkage of the 
nucleus and the collapses of cytoplasm into crescents 
along the nuclear envelope and blebbing of the 
plasma membrane. The main pathways of apoptosis 
are commonly referred as the intrinsic and extrinsic 
pathways. The intrinsic pathway of cell death centers 
on mitochondria. Multiple signals converge on 
mitochondria, including DNA damage, hypoxia and 
oxidative stress, causing the release of cytochrome c 
(cyt c) from mitochondrial membrane and activation of 
other apoptogenic proteins in the cytosol. Upon release 

into the cytosol, cyt c binds to apoptosis activating 
factor (Apaf-1) triggering its oligomerization into a 
heptameric complex that binds pro-caspase-9, forming 
a multi-protein structure known as the “apoptosome”. 
Caspase recruitment domains (CARDs) control the 
binding of Apaf-1 to pro-caspase-9 via homotypic 
CARD-CARD binding.  Thereafter, the activation of 
apoptosome-associated cell death protease caspase-9 
generates a proteolytic cascade involving the cleaving of 
downstream effector proteases such as pro-caspase-3.120-

122 The extrinsic apoptotic pathway differs in that as it 
requires TNF family death receptors in order to trigger 
apoptosis. One class of TNF family receptors contains a 
cytosolic death domain, which allows them to interact 
with downstream adaptor proteins, and which links 
these receptors to intracellular specific caspases. After 
ligand binding, the TNF family receptors (such as Fas, 
TNF), which contain the cytosolic death domains 
cluster in membranes, and recruiting both a death 
domain (DD) and a death effector domain (DED) on 
FADD. The death effector domain of FADD binds to 
DED-containing procaspse-9 and -10, forming a death 
inducing signalling complex called ‘DISC’, and this 
results in caspase activation123-125 (Figure 1).

9. Eosinophil and apoptosis.  Our knowledge of the 
complex mechanisms responsible for the accumulation of 
eosinophils is now considerable.   Critical stages include 
enhanced differentiation and release of eosinophils 
from bone marrow into the circulation, and their 
selective accumulation in the conducting airways.126,127 
In asthma, eosinophils that accumulate in the airways 
have no way of returning to the circulation, therefore 
their death and subsequent removal by apoptosis or 
PCD followed by their recognition and phagocytosis 
by macrophages or resident cells.127-129 In addition, the 
phagocytosis of necrotic eosinophils is known to induce 
a pro-inflammatory pattern of cytokine and mediator 
secretion by the macrophages, whereas phagocytosis 
of apoptotic eosinophils induces an anti-inflammatory 
profile of cytokine and mediator secretion.130 

Eosinophils have been convincingly shown to 
undergo apoptosis when cultured in vitro. The classic 
morphological changes synonymous with apoptosis 
controlled by the cells program apoptotic pathways 
include: cytoplasmic condensation, internucleosomal 
cleavage of DNA by endogenous endonucleases yielding 
a typical ‘DNA ladder’, together with cell volume 
shrinkage-hence the term ‘shrinkage necrosis’ formerly 
used to describe apoptosis. The decrease in size of 
apoptotic eosinophils by as much as 60% accommodates 
greater uptake by phagocytes.131 

9.1 Induction of apoptosis via eosinophil-receptors. 
Many studies have investigated the effects of membrane 
receptor ligation on the induction of apoptosis in 
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eosinophils. Monoclonal antibody-dependent ligation 
of the membrane receptors CD69,71 CD45,132 and 
siglec-8133 increased the rate of constitutive apoptosis 
in isolated peripheral blood eosinophils (PBE). Other 
membrane receptors seem to be able to differentially 
regulate eosinophil survival and/or apoptosis depending 
on the manner in which the signal is delivered to the 
receptor. For example, ligation of FcγRII (CD32) 
low-affinity IgG receptor by anti-CD32 mAb or 
aggregated IgG inhibited eosinophil apoptosis and 
prolonged survival as a result of autocrine production 
of GM-CSF. In contrast, if either anti-CD32 mAb or 
human IgG were immobilized on tissue culture plates, 
ligation of the FcγRII induced eosinophil apoptosis, an 
effect which was blocked by anti-β2 integrin (CD18) 
monoclonal antibodies.134  A number of studies have 
demonstrated that ligation of the cell-death receptor 
Fas (APO-1/CD95), with either monoclonal antibody 
or with Fas ligand also induced eosinophil apoptosis،127 
but Fas expression is differentially regulated in human 
eosinophils depending on the pattern of cytokine 
expression in their surroundings.135  The Th1 cytokines 
IFN-γ and TNF-α increase functional expression of the 
Fas receptor, although this effect is reversed by addition 
of IL-3, IL-5 or GM-CSF,135 and increased Fas ligand-
mediated apoptosis was observed in the eosinophils 
stimulated with IFN-γ or TNF-α.136 These findings 
suggest that Fas-dependent apoptosis may be reduced 

in the pervading Th2 pattern of cytokine expression in 
the asthmatic airway. 

9.2 Induction of eosinophil apoptosis.  9.2.i 
Drugs. Glucocorticoids   are the foundation of anti-
inflammatory therapy of asthma.137 They cause a 
dramatic reduction of eosinophil numbers in vivo138 and 
exert their actions either by acceleration of eosinophil 
apoptosis and clearance by lung macrophages,139 or by 
reducing expression of the pro-inflammatory cytokines, 
or both. One study demonstrated that in vitro 
corticosteroid treatment of eosinophils in nasal polyp 
tissue sections increased apoptosis induction.140  Several 
other commonly used asthma therapies also have effects 
on eosinophil apoptosis, including bronchodilator 
theophylline, which was shown to increase apoptosis 
in eosinophils cultured with IL-5,141 and β2-agonists 
agonists such as salbutamol, which may block the anti-
apoptotic effects of corticosteroids on eosinophils.142 

Moreover, the sulphonylureas,143 cyclosporins A and 
H144 and the local anaesthetic lidocaine145 have also 
been shown to inhibit eosinophil survival by inducing 
apoptosis. Finally, the rationale for pursuing eosinophil 
apoptosis as a valid option for targeting asthmatic 
inflammation is strengthened by the observation that a 
GM-CSF receptor analogue E21R induced apoptosis in 
human eosinophils.146  These findings suggest that the 
GM-CSF receptor may differentially regulate apoptosis 
and survival of eosinophils in the asthmatic airway. 

Figure 1 - A model showing the role of caspases in apoptosis. This figure was originally published 
in Saudi Medical Journal 2005; 26: 1679-1690.173  Cyt c - cytochrome c, Apaf 1 - 
apoptosis activating factor, ATP  - adenosine, triphosphatase.
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9.2.ii Other factors.  The cytokine IL-4 was shown 
to enhance the constitutive rate of apoptosis in 
eosinophils cultured with IL-3, IL-5 and GM-CSF.147 
Interlukin-4 is a key Th2 cytokine, which stimulates the 
class switch in B cells from IgG to IgE to promote 
allergic inflammation. It is thought to be involved 
in a negative feedback mechanism to reduce allergic 
inflammation, and evidence for this comes from a 
study in which allergen challenge of mildly asthmatic 
subjects resulted in a reduction in IL-4 positive cells in 
inflamed airway tissue.148،149  Transforming growth factor 
(TGF)-β, a pleiotropic cytokine that has a number of 
inhibitory effects on pro-inflammatory cells, induced 
apoptosis and loss of viability in eosinophils cultured 
with IL-3, IL-5, or GM-CSF. Higher concentrations 
of IL-5 overcame the effect of TGF-β suggesting that 
in vivo, a balance of the effect of cytokines might exist 
with TGF-ß acting by opposing the viability-enhancing 
effect of cytokines IL-5.150 Moreover, nitric oxide (NO) 
was found to disrupt Fas receptor-mediated eosinophil 
apoptosis,151 and asthmatics have higher levels of NO 
in their exhaled air than non-asthmatics.152 Nitric oxide 
production by eosinophils may also increase expression 
of the Th2 cytokines, thus inhibiting apoptosis.148 

10. Eosinophil persistence.  It has been appreciated 
for many years that culture of eosinophils in vitro with 
IL-3, IL-5, and GM-CSF enhances their survival for up 
to 2 weeks by inhibition of apoptosis. In addition, IL-
13 has been shown to enhance eosinophil survival153,154 
especially when in combination with TNF-ß.155  Recently, 
eosinophil viability enhancing effects have been reported 
for IL-9156 and IL-15.157 These cytokines are present in 
higher concentrations in the asthmatic airway tissue.158 
The significance of eosinophil persistence, or delayed 

apoptosis, in asthmatic inflammation is demonstrated 
by the finding that PBE from patients with atopic 
dermatitis survived for longer than eosinophils from 
normal controls.159 Vignola et al160 have found that 
tissue production of GM-CSF was greater in patients 
with asthma as compared to controls and those with 
chronic bronchitis. This production correlated with 
both the frequency of non-apoptotic eosinophils and 
macrophages and the severity of asthma. Eosinophils 
also exhibit autocrine production of viability-enhancing 
cytokines GM-CSF, IL-3 and IL-5 through interactions 
with the proteins of the extracellular matrix.81 More 
recently, platelets have been shown to delay apoptosis 
in eosinophils through the release of GM-CSF.161   
Moreover, other resident lung cells including mast 
cells,162 or IL-1β−stimulated airway smooth muscle 
cells163 elaborate GM-CSF, which in turn enhances 
eosinophil survival, while upper airway tissue eosinophils 
isolated from nasal polyps show enhanced survival 
when cultured in vitro compared with peripheral blood 
eosinophils.164 Furthermore, ligation of membrane 
receptor CD40, which is expressed by eosinophils, 
has been shown to enhance eosinophil survival as a 
consequence of autocrine GM-CSF release.165 This 
study also established that tissue eosinophils resident 
in nasal polyp tissue had high expression of CD40.166  
The ligand for CD40, CD40L, is expressed by CD4+ T 
cells, which are also present in nasal polyp tissue, which 
suggests an intriguing potential for a further relationship 
between eosinophils and T cells (Table 2).

10.1 The regulation of eosinophil apoptosis by Bcl-2 
family proteins.  The Bcl-2 family is a large family of 
proteins that regulates apoptosis and caspase activation 
in many cellular systems. The family consists of both pro- 
and anti-apoptotic proteins. Bcl-2 and Bcl-xL inhibit 
cell death, whereas other members, such as Bax, Bad and 
Bcl-xs, promote apoptosis. There are several studies that 
utilised reverse transcription polymerase chain reaction 
(RT-PCR), immunoblotting, immunochemistry and 
flow cytometry demonstrating constitutive expression 
of Bcl-2167,168 or Bax and Bcl-x169 whereas a decrease in 
Bcl-xL messenger RNA and protein levels was found to 
be associated with eosinophil apoptosis. As mentioned 
above, ligation of CD69 mAb induces apoptosis in 
human eosinophils and this appears to be dependent on 
a Bcl-2-dependent death signal.170 These studies are all 
increasing our knowledge of the intracellular mechanisms 
that regulate eosinophil survival or apoptosis-induction 
in the asthmatic lung Table 2.

10.2 Eosinophil apoptosis in vivo. Despite the mass 
of in vitro evidence regarding the potential role of 
eosinophil apoptosis, there are surprisingly few in vivo 
studies available of eosinophil apoptosis in asthma. 
Corticosteroid treatment of asthmatic patients not only 

Table 2 - Eosinophil survival and apoptosis signals.

Survival Apoptosis

Interlukin-3 Glucocorticoids
Interlukin-5 Bax
Interlukin-9 Bcl-Xs
GM-CSF Fas (CD95)
Bcl-XL CD45
Bcl-2 Genistein

Mcl-1 Staurosporin
Nitric oxide Sulphonylureas

Interferon-α Cyclosporins A and H

Prostaglandin E2 Theophylline

Interlukin-13 Lidocaine
Interlukin-15 TGF-ß

TGF - tumor necrosis factor, GM-CSF - granulocye-monocyte colony 
stimulating factor, Bcl - B cell lymphoma, Mcl - myeloid cell leukemia-1
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generates clinical improvement but apoptotic eosinophils 
can also be detected in their (induced) sputum, as well 
as alveolar macrophages which exhibit evidence of 
eosinophil engulfment.137 Duncan et al171 demonstrated 
that reduced apoptosis in eosinophils present in 
induced sputum significantly correlates with increased 
asthma severity as defined by airflow obstruction 
and symptom scores. Jang et al172 demonstrated that 
apoptotic eosinophils were inversely correlated with 
severity of FEV1/FVC ratio, but estimated apoptosis 
by bcl-2 expression, the role of which is controversial 
in eosinophil apoptosis. In a study involving bronchial 
biopsies, Druilhe et al168 showed that steroid-treated 
asthmatics had lower eosinophil counts than untreated 
asthmatics, and augmented apoptotic eosinophils with 
greater expression of Bcl-2, Fas and epithelial cell Fas-
ligand. Thus, steroid treatment of asthmatic patients 
induces eosinophil apoptosis not only by a direct effect 
but also via enhancement of the expression of Fas 
ligand by epithelial cells, while enhanced expression of 
Bcl-2 might contribute to survival of the epithelium. 
In another study involving bronchial biopsy specimens, 
Vignola et al160 demonstrated that the numbers of 
apoptotic eosinophils in bronchial biopsies inversely 
correlated with asthma severity as measured by the 
Aas chronic asthma grading score. They also found 
that GM-CSF levels correlated with asthma, which 
correlated with lower levels of apoptotic eosinophils. 
Taken together, these observations provide evidence that 
apoptosis induction in eosinophils and their subsequent 
phagocytic removal is a rational avenue for development 
of novel therapies for asthma. 

In conclusion,  selective eosinophil accumulation 
in the tissues of the lung, with activation and release 
of their potent pro-inflammatory arsenal of granule-
derived basic proteins, mediators, cytokines and 
chemokines, is characteristic of asthmatic inflammation. 
A greater understanding of the intracellular events 
controlling mAb-dependent apoptosis induction in CE 
or differentiated EoL-1 may yield potential avenues 
of research for the development of more targeted and 
effective therapy for asthma and allergy. 
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