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 MARKED accumulation of eosinophils oc-
curs in several important disorders, such as
allergic diseases, parasitic infections, and can-

cer.

 

1

 

 The level of eosinophils in the body is normally
tightly regulated. In normal subjects, eosinophils ac-
count for only a small minority of peripheral-blood
leukocytes, and their presence in tissues is primarily
limited to the gastrointestinal mucosa.

 

2

 

 In certain
disease states, however, eosinophils can selectively ac-
cumulate in the peripheral blood or any tissue in the
body. Any perturbation that results in eosinophilia,
defined here as an abnormal accumulation of eosin-
ophils in blood or tissue, can have profound clinical
effects. Eosinophilia may be harmful, because of the
proinflammatory effects of eosinophils,

 

3

 

 or it may be
helpful, because of the antiparasitic effects of these
cells.

 

4

 

 This article focuses on recent advances in our
understanding of the accumulation of eosinophils, as
well as treatment approaches and the development of
new therapeutic agents.

 

CLINICAL ASPECTS OF EOSINOPHILIA

 

Eosinophils normally account for only 1 to 3 per-
cent of peripheral-blood leukocytes, and the upper
limit of the normal range is 350 cells per cubic mil-
limeter of blood. Eosinophilia occurs in a variety of
disorders (Table 1)

 

5

 

 and is arbitrarily classified as
mild (351 to 1500 cells per cubic millimeter), mod-
erate (>1500 to 5000 cells per cubic millimeter), or
severe (>5000 cells per cubic millimeter). The most
common cause of eosinophilia worldwide is helmin-
thic infections, and the most common cause in in-
dustrialized nations is atopic disease.

The differential diagnosis of eosinophilia requires

A

 

a review of the patient’s history, which may reveal
wheezing, rhinitis, or eczema (indicating atopic
causes); travel to areas where helminthic infections
(e.g., schistosomiasis) are endemic; the presence of
a pet dog (indicating possible infection with 

 

Toxo-
cara canis

 

); symptoms of cancer; or drug ingestion
(indicating a possible hypersensitivity reaction). Eo-
sinophilia caused by drugs is usually benign but can
sometimes be accompanied by tissue damage, as in
hypersensitivity pneumonitis. In most cases, the eo-
sinophilia resolves once the drug is withdrawn, but
in some cases, such as the eosinophilia–myalgia syn-
drome due to the ingestion of contaminated tryp-
tophan, the disease can persist despite withdrawal of
the drug.

 

6

 

 Abnormal morphologic features of eosin-
ophils, an increase in immature cells in the bone
marrow or blood, or a karyotypic abnormality indi-
cates the presence of eosinophilic leukemia. An ac-
cumulation of eosinophils that is limited to specific
organs is characteristic of particular diseases, such as
eosinophilic cellulitis (Well’s syndrome), eosinophil-
ic pneumonias (e.g., Löffler’s syndrome), and eosin-
ophilic fasciitis (Shulman’s syndrome). The associa-
tion of eosinophilia with vasculitis, neuropathy, and
a history of asthma indicates the presence of the
Churg–Strauss syndrome. In the absence of an iden-
tifiable cause of moderate-to-severe eosinophilia and
in the presence of end-organ involvement, the diag-
nosis of the idiopathic hypereosinophilic syndrome
should be considered. This disorder occurs predom-
inantly in men and is usually a progressive, fatal
disease in the absence of effective medical manage-
ment.

 

7

 

Diagnostic studies that should be performed in
patients with moderate-to-severe eosinophilia and
should be considered in patients with persistent mild
eosinophilia include morphologic examination of a
blood smear, urinalysis, and serial stool examinations
for ova and parasites.

 

5,8,9

 

 Parasitic infections that
cause eosinophilia are usually limited to helminthic
parasites, with the exception of two enteric protozo-
ans, 

 

Isospora belli

 

 and 

 

Dientamoeba fragilis.

 

 

 

Strongy-
loides stercoralis

 

 infection is important to diagnose,
because it can cause disseminated fatal disease in im-
munosuppressed patients; its detection often requires
serologic testing. Other infections to rule out are
those with filarial parasites, trichinosis, and 

 

T. canis

 

infection. Bone marrow and chromosomal analysis
(to detect hematologic cancer) and a tissue biopsy
may be indicated.

Moderate-to-severe eosinophilia may persist in the
absence of an identifiable cause or end-organ in-
volvement. Patients with persistent, apparently be-
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nign eosinophilia usually do not need therapy, and
spontaneous resolution generally occurs within sev-
eral years. However, such patients should have peri-
odic clinical and echocardiographic examinations to
detect eosinophil-mediated cardiac damage, which
can occur insidiously at any time and which may not
be correlated with the severity of eosinophilia.

 

8

 

 Al-
though no therapy is indicated, it is often helpful to
determine whether eosinophilia will resolve with a
short trial of prednisone (1 mg per kilogram of body
weight per day for three to five days). If so, this may
be a suitable option in the event of future deteriora-
tion. Glucocorticoid-resistant cases may respond to
drugs that are reserved for therapy rather than trials.
The therapeutic approach to patients who have eo-
sinophilia with an identifiable cause is discussed below.

 

PHYSIOLOGIC FEATURES 

OF EOSINOPHILS

 

Eosinophilia occurs as a result of four processes
(Fig. 1): differentiation of progenitor cells and pro-
liferation of eosinophils in bone marrow; interac-
tions between eosinophils and endothelial cells that
involve rolling, adhesion, and migration of eosino-
phils; chemoattraction directing eosinophils to a
specific location; and activation and destruction of
eosinophils.

 

Proliferation

 

Eosinophils are produced in bone marrow from
pluripotential stem cells. The latter cells differentiate
first into hybrid precursors with properties of baso-
phils and eosinophils and then into a separate eosin-

ophil lineage.

 

10

 

 Three cytokines — interleukin-3, in-
terleukin-5, and granulocyte–macrophage colony-
stimulating factor (GM-CSF) — are particularly im-
portant in regulating the development of eosinophils.
These cytokines are encoded by closely linked genes
on chromosome 5q31 and bind to receptors that
have a common beta chain and different alpha chains.

Of the three cytokines, interleukin-5 (also known
as eosinophil-differentiation factor) is the most spe-
cific for the eosinophil lineage and is responsible for
selective differentiation of eosinophils.

 

11

 

 Interleukin-
5 also stimulates the release of eosinophils from bone
marrow into the peripheral circulation.

 

12

 

 The critical
role of interleukin-5 in the production of eosino-
phils is best demonstrated by genetic manipulation
in mice. Overproduction of interleukin-5 in trans-
genic mice results in profound eosinophilia,

 

11

 

 and
deletion of the interleukin-5 gene causes a marked
reduction of eosinophils in the blood and lungs after
an allergen challenge.

 

13

 

 The overproduction of one
or more of the three cytokines occurs in humans
with eosinophilia. Diseases involving eosinophilia
without increases in other blood-cell lineages are
usually accompanied by an overproduction of inter-
leukin-5.

 

11

 

 The mechanisms of cytokine overproduc-
tion may involve a response of T-helper lymphocytes
of the Th2 type in patients with allergic conditions
(see below) or parasitic diseases,

 

14,15

 

 the malignant
expansion of T-cell clones that produce interleukin-
5 in some patients with lymphoma,

 

16

 

 or the activa-
tion of gene transcription due to a chromosomal
translocation in some patients with leukemia.

 

17,18

 

Adhesion and Migration

 

The migration of eosinophils from the circulation
into tissues involves a stepwise interaction between
eosinophils and endothelial cells.

 

19

 

 The steps are me-
diated by adhesion molecules on endothelial cells
and counter-ligands on eosinophils and are followed
by the passage of eosinophils between endothelial
cells (Fig. 1). Although the different types of leuko-
cytes migrate into tissues in similar ways, their mi-
gration is mediated by different molecules. Eosino-
phils initially adhere to the endothelium by means of
three selectins (adhesion molecules on endothelial
cells) and their corresponding ligands. The rolling of
circulating eosinophils on the endothelium is me-
diated primarily by P-selectin, whereas neutrophil
rolling is mediated primarily by E-selectin.

 

20,21

 

 After
cellular activation (e.g., by exposure to chemoat-
tractants such as platelet-activating factor or eotax-
in), eosinophils adhere firmly to the endothelium
through adhesion molecules of the integrin family.
These include the CD18 family (

 

b

 

2

 

 integrins) and
very-late-antigen–4 (VLA-4) molecules (

 

b

 

1

 

 inte-
grins). The 

 

b

 

2

 

 integrins interact with intercellular
adhesion molecule 1 (ICAM-1) on endothelial cells,
whereas the 

 

b

 

1

 

 integrins interact with vascular-cell ad-
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PERIPHERAL

BLOOD TISSUE

 

Infectious Present Present or 
absent

Infections with especially 
invasive helminths

Respiratory Present or 
absent

Present Eosinophilic pneumonitis, 
asthma

Gastrointestinal Present or 
absent

Present Inflammatory bowel dis-
ease, eosinophilic gastro-
enteritis, allergic colitis

Allergic Present or 
absent

Present Allergic rhinoconjunctivitis, 
asthma, eczema

Systemic Present Present Idiopathic hypereosinophil-
ic syndrome, vasculitis

Iatrogenic Present Present or 
absent

Drug reaction, cytokine in-
fusions (e.g. granulo-
cyte–macrophage colo-
ny-stimulating factor)

Malignant Present or 
absent

Present or 
absent

Lymphoma, colonic carci-
noma
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hesion molecule 1 (VCAM-1). Although the CD18–
ICAM-1 pathway is used by all leukocytes, the VLA-
4–VCAM-1 pathway is used by eosinophils and
mononuclear cells but not by neutrophils. ICAM-1
is induced by a variety of proinflammatory mediators
such as interleukin-1 and tumor necrosis factor 

 

a

 

,
whereas VCAM-1 is induced primarily by interleu-
kin-4. Resting eosinophils normally express 

 

b

 

1

 

 

 

and

 

b

 

2 

 

integrins, but the level of expression of these ad-
hesion molecules and their affinity for their appro-

priate endothelial receptors is increased by chemo-
attractants.

 

22

 

Chemoattraction

 

The migration of eosinophils into tissues is initi-
ated by local chemoattractant molecules. These mol-
ecules are likely to be responsible for both physio-
logic homing, in which eosinophils are directed into
the lamina propria of the gastrointestinal tract, and
the recruitment of eosinophils into inflamed tissues.

 

Figure 1.

 

 Processes Involved in Eosinophilia.
Eosinophils develop in the bone marrow in response to the stimulation of progenitor cells by interleukin-5. Mature eosinophils in
the peripheral blood adhere to endothelial cells through the interaction of selectins and integrins (CD18 and very late antigen 4)
with endothelial receptors for these molecules. On exposure to chemoattractant mediators, eosinophils undergo diapedesis be-
tween endothelial cells and migrate into the tissues. The accumulation of eosinophils is regulated by the generation of survival and
activation factors (interleukin-3, interleukin-5, and granulocyte–macrophage colony-stimulating factor [GM-CSF]) by T cells and
probably mast cells. In response to extracellular-matrix components, eosinophils themselves can also generate the cytokines that
prolong their survival.
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Numerous chemotactic substances act on eosino-
phils, including derivatives of arachidonic acid such
as leukotriene B

 

4

 

, other lipid mediators such as plate-
let-activating factor,

 

23

 

 bacterial products, interleu-
kins (e.g., interleukin-16), and various chemokines.

 

24

 

Although all these substances mediate the recruit-
ment of eosinophils, most are not selective for eo-
sinophils. However, two newly described chemo-
kines, eotaxin-1 and eotaxin-2, are relatively specific
for eosinophils.

 

25,26

 

Chemokines are a family of low-molecular-weight
(8 kd to 10 kd) chemotactic cytokines that regulate
leukocyte movement. Most chemokines interact with
eosinophils by binding to a chemokine receptor
(CCR-3) that is relatively restricted to eosinophils.
In mice with no gene for eotaxin-1, eosinophils do
not migrate to the intestinal tract; in addition, after
allergen challenge, they are reduced in the lungs.

 

27

 

The chemoattractive effect of eotaxin is augmented
by interleukin-5.

 

12,28

 

 It is remarkable that two dis-
tinct steps in the accumulation of tissue eosinophils
(proliferation and chemoattraction) are regulated by
molecules that are relatively specific for eosinophils
and that act synergistically in promoting their accu-
mulation.

 

Survival and Destruction in Tissue

 

Eosinophils, unlike neutrophils, can survive in tis-
sues for extended periods (perhaps weeks), depend-
ing on the cytokines in the microenvironment.

 

29

 

Only eosinophils and basophils have receptors for
interleukin-3, interleukin-5, and GM-CSF present
on both the precursor cells in bone marrow and the
circulating cells. The lifespan of tissue eosinophils is
not known, but interleukin-3, interleukin-5, and
GM-CSF inhibit eosinophil apoptosis for at least 12
to 14 days in vitro and in explants of allergic sinus
tissue.

 

30

 

 In contrast, eosinophils survive for less than
48 hours in the absence of these cytokines.

 

29

 

 Tissue
eosinophils can also regulate their own survival
through an autocrine pathway (Fig. 1).

 

31-33

 

PATHOGENESIS OF EOSINOPHILIA 

IN CLINICAL DISORDERS

 

Moderate-to-severe eosinophilia occurs as a patho-
physiologic response to infection with helminthic
parasites. Eosinophilia induced by parasitic infection
is dependent on interleukin-5 produced by Th2
lymphocytes (discussed below). Eosinophils partici-
pate in the immune response against helminthic
parasites by discharging their cytotoxic granular
contents onto the parasites, which kills them.

 

4,34

 

However, depletion of eosinophils in mice with an-
tibodies to interleukin-5 does not always increase
their susceptibility to helminthic infections.

 

35

 

 Since
tissue eosinophilia is a hallmark of atopic diseases
and eosinophils are a major effector cell in these dis-
orders, allergic diseases serve as a prototype for un-

derstanding the pathogenesis and consequences of
eosinophilia.

 

Genetic Aspects of Atopy

 

Twenty to 30 percent of people inherit a predis-
position to atopy and the associated production of
IgE antibodies against common environmental anti-
gens. Several genes are likely to be responsible,

 

36

 

 and
mapping studies have identified candidate genes that
include the gene for the high-affinity IgE receptor

 

37

 

and a locus near the genes for interleukin-4 and in-
terleukin-5 on chromosome 5q31.

 

36,38

 

 The occur-
rence of eosinophilia has recently been genetically
mapped to a locus near the class I genes of the major
histocompatibility complex on chromosome 6.

 

39

 

Late-Phase Response

 

After exposure to allergen, many patients with al-
lergies have a progressive clinical response that be-
gins in three to four hours, reaches a peak at about
eight hours, and subsides in several days. This proc-
ess, known as the late-phase response, is accompa-
nied by an influx of inflammatory cells containing
many eosinophils (Fig. 2). The inflammatory com-
ponent of the response is believed to be primarily re-
sponsible for the chronic inflammation in patients
with repeated exposure to an allergen (e.g., house-
dust mites). Eosinophils under the control of T cells
are the essential effector cells in the late-phase re-
sponse.

 

Regulation of Eosinophils by Th2 Lymphocytes 
and Mast Cells

 

Mast cells participate in the initial events after
exposure to allergen, but their importance in orches-
trating eosinophilia is uncertain (Fig. 2).

 

40

 

 After IgE-
triggered activation, mast cells may promote inflam-
mation of the airways with eosinophils by producing
proinflammatory mediators (e.g., interleukin-1 and
tumor necrosis factor 

 

a

 

) and eosinophil-directed cy-
tokines (e.g., interleukin-4 and interleukin-5). These
substances, in turn, induce chemokines that attract
eosinophils. However, mast cells do not appear to be
required in some animal models of allergic disease.
In allergen-sensitized mice with a deficiency of mast
cells and allergen-sensitized mice with a targeted de-
letion of the gene for IgE, recruitment of eosino-
phils into the lungs is not impaired after allergen
challenge.

 

41-43

 

 In contrast, helper T lymphocytes are
essential for the late-phase response, because they
produce three cytokines that promote allergic re-
sponses: interleukin-4 and interleukin-13, both of
which regulate IgE and VCAM-1 production, and
interleukin-5. The helper cells that orchestrate this
type of response are Th2 cells (Fig. 2). In contrast,
Th1 cells produce interferon-

 

g

 

 and tumor necrosis
factor 

 

b

 

.

 

14,15

 

 Genetic factors and the conditions of
antigen exposure determine the relative contribu-
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tions of mast cells and T cells in the regulation of eo-
sinophils.

 

40

 

 Antigen-presenting cells not only ac-
tivate Th2 cells but also secrete proinflammatory
mediators that induce resident cells (e.g., epithelial
cells) to produce the chemokines that attract eosin-
ophils.

 

Proinflammatory and Cytotoxic Effects

 

Once eosinophils arrive at an inflammatory focus,
they may undergo apoptosis with rapid clearance by
macrophages, but if they are stimulated by interleu-
kin-3, interleukin-5, or GM-CSF, they survive for
prolonged periods and have increased responsiveness
to other activating agents. Eosinophils activated in
this way express numerous receptors for cytokines,
immunoglobulins, and complement.

Eosinophils produce unique toxic inflammatory
mediators, which are stored in granules and synthe-
sized after cellular activation. The granules contain a
crystalloid core composed of major basic protein
and a matrix composed of eosinophil cationic pro-
tein, eosinophil-derived neurotoxin, and eosinophil
peroxidase (Fig. 3). These cationic proteins share
certain proinflammatory properties but differ in oth-
er ways. For example, at concentrations similar to

those in fluids from patients with eosinophilia, ma-
jor basic protein, eosinophil peroxidase, and eosino-
phil cationic protein have cytotoxic effects on respi-
ratory epithelium. In addition, eosinophil cationic
protein and eosinophil-derived neurotoxin are ribo-
nucleases.

 

44,45

 

 Eosinophil cationic protein can cause
voltage-insensitive, ion-nonselective toxic pores in
the membranes of target cells, and these pores may
facilitate the entry of other toxic molecules.

 

46

 

 Major
basic protein directly increases smooth-muscle reac-
tivity by causing the dysfunction of vagal muscarinic
M2 receptors.

 

47

 

 It also triggers the degranulation of
mast cells and basophils. In addition, eosinophils
amplify the inflammatory cascade by producing their
own chemoattractants (e.g., RANTES [regulated
upon activation normal T-cell expressed and secret-
ed], eotaxin, and platelet-activating factor), which
accelerate the recruitment of eosinophils into the in-
flammatory focus.

Further damage is caused by hydrogen peroxide
and halide acids, which are generated by eosinophil
peroxidase, and by superoxide, which is generated
by the respiratory-burst–oxidase pathway in eosino-
phils. Eosinophils also generate large amounts of the
cysteinyl leukotriene, leukotriene C

 

4

 

, which is me-

 

Figure 2.

 

 Events Leading to Eosinophilia during Late-Phase Responses.
After allergen exposure in sensitized subjects, two non–mutually exclusive pathways are thought to lead to the accumulation of
eosinophils. In one pathway, allergen exposure results in the cross-linking of IgE receptors on mast cells and basophils and the
immediate release of inflammatory mediators (histamine, prostaglandin, and leukotrienes). Mast cells then generate proinflamma-
tory cytokines (e.g., interleukin-1 and tumor necrosis factor 

 

a

 

) that induce respiratory epithelial cells to produce eosinophil-directed
cytokines (e.g., granulocyte–macrophage colony-stimulating factor [GM-CSF]) and chemokines. In the other pathway, allergen is
initially recognized by antigen-presenting cells such as dendritic cells and subsequently presented to type 2 helper T lymphocytes
(Th2 cells). In contrast to mast cells, which do not appear to be required for the accumulation of eosinophils (indicated by the
hatched arrows), Th2 cells are necessary for their accumulation (indicated by the solid arrows). These cells regulate allergic reac-
tions by generating the eosinophil hematopoietin (interleukin-5) as well as interleukin-4, which induces IgE and vascular-cell adhe-
sion molecule 1 (VCAM-1).
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tabolized to leukotriene D

 

4

 

 and leukotriene E

 

4

 

. These
three lipid mediators are the slow-reacting substanc-
es of anaphylaxis that increase vascular permeability
and mucus secretion and are potent stimulators of
smooth-muscle contraction.

 

48

 

 Lastly, activated eo-
sinophils produce a wide range of inflammatory cy-
tokines that have the potential to modulate multiple
aspects of the immune response (Fig. 3).

 

31,49

 

DRUGS THAT INTERFERE WITH 

EOSINOPHILIA OR EOSINOPHIL 

PRODUCTS

 

Patients with eosinophilia of any magnitude who
have end-organ involvement should be treated with
the goal of reducing eosinophil counts or blocking
the effect of eosinophil products. Numerous drugs
inhibit the production of eosinophils or the produc-
tion or action of their products (Fig. 4). These agents
include glucocorticoids, myelosuppressive drugs, and
interferon alfa (Table 2). Glucocorticoids, the most
effective agents for reducing eosinophilia, suppress
the transcription of a number of genes for inflamma-
tory mediators, including the genes for interleukin-3,

interleukin-4, interleukin-5, GM-CSF, and various
chemokines. In addition, glucocorticoids inhibit the
cytokine-dependent survival of eosinophils.

 

50

 

 In most
patients, treatment with systemic or topical (inhaled
or intranasal) glucocorticoids causes a rapid reduc-
tion in eosinophils, but a few patients have a resist-
ance to glucocorticoids, with persistent eosinophilia
despite high doses.

 

51 

 

The mechanism of resistance
to glucocorticoids is unclear, but a reduced level of
glucocorticoid receptors and alterations in activator
protein 1, a transcription factor, are at least partly re-
sponsible in some patients.

 

52,53

 

 Patients with gluco-
corticoid resistance sometimes require other therapy,
such as myelosuppressive drugs (hydroxyurea or vin-
cristine) or interferon alfa.

 

51,54 Interferon alfa appears
to be especially promising, because it inhibits the
degranulation and effector function of eosinophils.55

Cyclophilins (e.g., cyclosporine) have also been used,
because they block the transcription of numerous eo-
sinophil-active cytokines (e.g., interleukin-5 and GM-
CSF) (Fig. 4).56

Drugs that interfere with eosinophil chemotactic
signals include recently approved leukotriene antag-
onists and inhibitors. The 5-lipoxygenase inhibitors
(e.g., zileuton) block the rate-limiting step in leuko-
triene synthesis and inhibit the generation of the eo-
sinophil chemoattractant leukotriene B4 and the sul-
fidopeptide leukotrienes, leukotrienes C4, D4, and E4

(Fig. 4).57,58 These drugs therefore decrease airway
infiltration by eosinophils during the late-phase re-
sponse.59 Drugs (e.g., zafirlukast) that block the re-
ceptor for leukotriene D4, which is also a receptor
for leukotriene C4 and leukotriene E4, prevent the
muscle contraction and increased vascular perme-
ability mediated by eosinophil-derived leukotrienes.
These drugs have been found to decrease exercise-
induced bronchoconstriction and improve base-line
lung obstruction in patients with asthma.60 Some of
the third-generation antihistamines (e.g., cetirizine)
inhibit the vacuolization61 and accumulation62 of eo-
sinophils after an allergen challenge and directly in-
hibit eosinophils in vitro.61,63 Cromolyn and nedocro-
mil inhibit the effector function of eosinophils, such
as antibody-dependent cellular cytotoxicity.63 Phos-
phodiesterase inhibitors raise intracellular cyclic AMP
concentrations in eosinophils, and this in turn inhib-
its intracellular signaling, leading to decreased acti-
vation of eosinophils.52

The identification of molecules that specifically
regulate the function or production of eosinophils
offers new therapeutic strategies. Antibodies against
interleukin-5 are especially promising, because they
have been effective in animals with allergic airway
disease.64,65 A humanized form of an antihuman in-
terleukin-5 monoclonal antibody has been devel-
oped. Another approach involves blocking the inter-
action of interleukin-5 or eotaxin with its receptor.
In preliminary in vitro experiments, a monoclonal

Figure 3. An Eosinophil and Its Contents.
The granules of eosinophils contain a crystalloid core com-
posed of major basic protein and a matrix composed of eo-
sinophil cationic protein, eosinophil peroxidase, and eosino-
phil-derived neurotoxin. Eosinophils also produce a variety of
cytokines, some of which are stored in the granules, and lipid
mediators that are generated after cellular activation. Eosino-
phils express one predominant chemokine receptor that inter-
acts with multiple chemokines.
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antibody against eosinophil chemokine receptor 3
(CCR-3) inhibited all ligands for this receptor (Fig.
4).66 The production of interleukin-5 may also be
inhibited by modulating the immune response to al-
lergens so that a Th2-lymphocyte response does not
predominate. This has been accomplished in animals
by administering interleukin-12 during allergenic sen-
sitization.67 Interleukin-12 inhibited the production
of interleukin-4 and interleukin-5 and reduced pul-
monary eosinophilia after exposure to allergen. An-
other molecular target interrupts the adhesion of
eosinophils to the endothelium through the inter-
action of CD18 with ICAM-168 or VLA-4 with
VCAM-1 (Fig. 4).69,70 In addition, phosphodiester-
ase inhibitors that are specific for leukocyte isoen-

zyme type IV are being developed.71 Lastly, lido-
caine and sulfonylurea-receptor blockers have been
shown to inhibit interleukin-5 activity on eosino-
phils, and lidocaine appeared to be promising in a
preliminary clinical trial in patients with asthma.72

SUMMARY

Eosinophilia occurs in a large number of diseases,
and in some of them, eosinophils are the principal
effector cells. The production of eosinophils involves
the proliferation and differentiation of hematopoiet-
ic progenitor cells, and the accumulation of eosino-
phils involves interactions between eosinophils and
endothelial cells, chemotaxis and cellular activation,
and a balance between the survival and apoptosis of

Figure 4. Approaches to Drug Therapy for Eosinophilia.
Treatment of eosinophilia involves inhibiting the interaction between eosinophils and endothelial cells through interference with
the adhesion molecules used by these cells. Such approaches include the use of neutralizing antibodies against adhesion molecules
such as intercellular adhesion molecule 1 or very late antigen 4. The chemoattraction process can be targeted at various steps,
including interference with the synthesis or activity of leukotriene B4 (LTB4) and leukotriene C4 (LTC4), chemokine-receptor inhibitors,
or G-protein inhibitors that block receptors for chemoattractant molecules. The proliferation, survival, and activation of eosinophils
can be blocked by interfering with the generation of eosinophil hematopoietins such as granulocyte–macrophage colony-stimulat-
ing factor (GM-CSF), interleukin-3, and interleukin-5 with glucocorticoids or cyclophilins (e.g., cyclosporine). Eosinophils are inhib-
ited by phosphodiesterase inhibitors, cromolyn, interferon alfa, antihistamines, and leukotriene inhibitors.
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eosinophils. An understanding of these processes
gives the clinician an insight into the pathogenesis of
disorders involving eosinophils and an appreciation
of the increasing number of drugs available to treat
these disorders. The identification of molecules spe-
cifically involved in eosinophilia (e.g., interleukin-5
and eotaxin) offers hope for the development of new
drugs that specifically target eosinophil pathways.

I am indebted to Drs. R. Wilmott, F. Finkelman, R. Hirsch, A.
Assa’ad, and D. Glass for critical review of the manuscript; to Drs.
E. Gelfand, P. Weller, K.F. Austen, P. Leder, and J. Rothenberg for
helpful discussions; and to Dr. D.G. Nathan for the encouragement
to write this article.
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