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INTRODUCTION 

Eosinophilic lung disease, for the purposes of this grand 
rounds, will be defined as the presence of large numbers of 
eosinophils in either airway mucosa (asthma) or lung parenchyma. 
The term eosinophilic lung disease encompasses a diverse group of 
conditions ranging from a common disease such as asthma to a 
number of relatively rare diseases (Table 1). PIE syndrome, 
which · stands for pulmonary infiltrates with eosinophilia, has 
been used to describe many of these diseases but is misleading, 
since some patients with eosinophilic lung disease do not have 
eosinophilia. The first part of this protocol reviews clinical 
aspects of these diseases. Subsequently, the cellular biology of 
the eosinophil will be reviewed, focussing on regulation of 
eosinophil formation, eosinophil activation and adherence, and 
the mechanisms by which eosinophils cause inflammatory injury to 
the lung. Emphasis will be placed on the role of T cell-derived 
cytokines as key mediators of eosinophilic disease. 

Table 1 

EOSINOPHILIC LUNG DISEASES 

1. Asthma 
2. Churg-Strauss syndrome 
3. Allergic bronchopulmonary aspergillosis 
4. Parasitic infections 
5. Drug induced 
6. Eosinophilic pneumonia - acute and chronic 

EOSINOPHILIC LUNG DISEASE 

ASTHMA 

During the past fifteen years concepts of asthma 
pathophysiology have changed considerably. The traditional view 
of asthma was that airway obstruction resulted as a consequence 
of airway smooth muscle contraction, triggered by IgE-induced 
release of preformed mast cell mediators such as histamine. This 
concept failed to explain many clinical features of asthma, such 
as hyper-reactive airways and chronic perennial symptoms. The 
new paradigm is that obstruction results largely from bronchial 
inflammation. Although the concept of asthma as an inflammatory 
disease seems new, in fact pathologists have long appreciated the 
presence of airway inflammation in fatal asthma and William 
Osler, in the 1892 edition of his textbook of medicine, remarked 
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that many cases were caused by "a special form of inflammation of 
the smaller bronchioles" (1). 

Figures 1 and 2 show two clinical observations which 
contributed towards understanding the inter-relationship of 
eosinophils, inflammation, and asthma. 

Airway hyper-reactivity is a defining feature of asthma and 
is illustrated on Figure 1. Compared to normal subjects, 
asthmatics develop bronchospasm at relatively low doses of 
inhaled bronchoconstrictor agonists such as histamine or 
methacholine as well as after inhaling other substances such as 
smoke, cold air, or exercise (2). Hyper-reactivity correlates 
with frequency and severity of attacks, most asthmatics have 
hyper-reactive airways, and hyper-reactivity accounts for chronic 
asthma in which attacks often occur in the absence of exposure to 
an identifiable aeroallergen (3). 
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FIGURE 1. A dose-response curve showing the decrease in the FEV1 in response 
to an increasing concentration of an inhaled bronchoconstrictor agonist 
such as methacholine. 

Pharm. Rev. 40:50, 1988 

Figure 2 illustrates a late asthmatic response . Most atopic 
asthmatics develop immediate bronchospasm after inhaling an 
antigen to which they are sensitized, and this early response 
generally resolves within one hour. In about 50% of cases the 
early response is followed by a late response which starts about 
four hours after antigen challenge and lasts up to 24 hours. 
Pretreatment with an inhaled B2 bronchodilator inhibits the early 
response only, whereas pretreatment with anti-inflammatory drugs 
inhibits the late response. Cartier in 1982 first recognized the 
association between late responses and hyper-reactivity while 
studying a group of atopic asthmatics; hyper- reactivity developed 



3 

only in those with late responses, and the late response always 
preceded the onset of hyper-reactivity (4). Thus, the 
late response is important for hyper-reactivity, and 
investigation of the cellular and biochemical characteristics of 
the late response has established that asthma is an inflammatory 
disease in which the eosinophil plays a major role. 
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FIGURE 2. An early and late response to an inhaled allergen 
(grass pollen). 

Lancet 2:255, 1983 

EOSINOPHILS, INFLAMMATION, AND ASTHMA 

Bronchoscopy has been an important tool for asthma research, 
permitting biopsy of the bronchial epithelium and sampling of the 
respiratory epithelial surface by bronchoalveolar lavage (BAL). 
Investigation of the late response has been performed by giving 
stable, atopic asthmatics an inhaled antigen followed by 
bronchoscopy 24 to 48 hours later. Results can be summarized as 
follows: 

1. There is a large influx of eosinophils into the 
airways. In one study, eosinophils comprised 66 ± 12% 
of the cells obtained by BAL, compared to less than 1% 
prior to antigen challenge (5,6). 
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2. Eosinophils entering the lung appear to have been 
activated, as judged by the presence of large amounts 
of eosinophil granule proteins in BAL fluid. 
Considerable amounts of the two cytokines which 
activate and recruit eosinophils into tissue, IL-4 and 
IL-5, are also present (5,7). 

3. Bronchial epithelium is disrupted. Detached epithelial 
cells are present, the albumin content of BAL fluid is 
increased reflecting increased permeability and 
epithelial injury, and the albumin content correlates 
with the number of BAL eosinophils (8). 

4. The changes noted in the lungs are mirrored by changes 
in circulating eosinophils. During and after a late 
response there is an eosinophilia, and during that time 
eosinophils become less dense, presumably because they 
have been activated by cytokines to release granule 
contents (Figure 3) (9,10). Hypodense eosinophils have 
an increased number of IgE receptors, are more 
cytotoxic, and release more LTC4 and superoxide when 
stimulated. Thus, circulating eosinophils of 
asthmatics are activated and are more potent 
inflammatory cells. 
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FIGURE 3. Alterations in peripheral blood eosinophils during a 
late response. % HE refers to % Hypodense Eosinophils 

Am. Rev. Respir. Dis. 139:1404, 1989 
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Other investigators have used bronchoscopy to investigate 
stable asthmatics without a prior antigen challenge to induce a 
late response. The following results have been obtained: 

1. Bronchial biopsies obtained from even mildly 
symptomatic, newly diagnosed patients show a surprising 
amount of epithelial injury, with decreased numbers of 
ciliated epithelial cells, goblet cell hyperplasia, and 
a marked increase in the number of bronchial wall 
eosinophils and lymphocytes (Figure 4) (11,12). 
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FIGURE 4. Bronchial biopsy results in patients with newly diagnosed asthma. 

Am. Rev. Respir. Dis. 147:702, 1993 
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2. The level of eosinophilia and the number of eosinophils 
seen in bronchial biopsies or in BAL fluid correlate 
with asthma severity (Figure 5) (13,14). Additionally, 
serial biopsies of individual patients have shown that 
few eosinophils are present when patients are well, 
symptomatic asthma is accompanied by a marked increase 
in bronchial eosinophils, and clinical improvement is 
associated with a decrease in eosinophils to pre
exacerbation levels (15). 
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FIGURE 5. Eosinophils in bronchial biopsies of asthmatics. 
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3. Severity of bronchial hyper-reactivity correlates well 
with the number of eosinophils in biopsies or BAL, the 
amount of bronchial epithelial injury, and the level of 
eosinophilic granule proteins in BAL (Figure 6) (16-
18) • 
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FIGURE 6. Correlation major basic protein (MBP), eosinophil 
count, and detached ep ithelial cells in BAL with airway 
hyper-reactivity. 

Am. Rev. Respir. Dis. 137:67, 1988 

Carefully controlled experiments in primates, in which 
sensitized animals develop hyper-reactivity after antigen 
inhalation, have shown that eosinophils enter bronchial 
epithelium before hyper-reactivity develops. Depletion of 
circulating leukocytes by hydroxyurea pretreatment prevents 
hyper-reactivity (19 ) . Pretreatment with a monoclonal antibody 
(Mab ) against an endothelial cell adhesion molecule, which 
prevented eosinophil entry into bronchial epithelium, also 
prevented hyper-reactivity (Figure 7) (20). Thus, a large body 
of clinical and experimental evidence suggests that eosinophils 
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are recruited into bronchi during a late response, are activated, 
and play a key role in producing hyper-reactive airways and 
asthma symptoms. In recognition of this, some investigators have 
proposed renaming asthma as eosinophilic bronchitis, a term 
which more accurately conveys the cellular and inflammatory 
nature of the disease (21). Many experts believe that 
epithelial injury results in hyper-reactivity; loss of the 
epithelial barrier uncovers irritant receptors and mast cells, 
allowing direct contact with inhaled stimuli. Details of how 
eosinophils effect inflammation and tissue injury will be 
reviewed later. 
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FIGURE 7. Effect of preventing eosinophil entry on airway hyper-reactivity. R6.5 
is a monoclonal antibody against the endothelial adhesion molecule 
ICAM-1. 

Science 247:458, 1990 

CHURG-STRAUSS SYNDROME 

This syndrome was originally described in 1951 in a group of 
14 patients, all of whom had asthma. Since then many cases have 
been described. The three criteria necessary for a diagnosis are 
asthma, eosinophilia (>1,500 cellsjmm3), and systemic vasculitis 
involving ~2 extra-pulmonary organs (22). The typical patient 
presents with a prodromal phase of allergic rhinitis, worsening 
asthma, and eosinophilia. The vasculitis phase follows and is 
marked by systemic symptoms (fever, weight loss, malaise), 
pulmonary infiltrates (which may be transient and, in contrast to 
Wegener's granulomatosis, rarely cavitate), peripheral neuropathy 
(40% develop a mononeuritis multiplex), skin rash (papable 
purpura), gastrointestinal disease (diarrhea, bleeding), and 
cardiac involvement (pericarditis, heart failure, 
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electrocardiographic abnormalities) which is the commonest cause 
of death. Clinically significant renal involvement is rare. 

Pertinent laboratory abnormalities include very high serum 
IgE. 70% have a positive anti-neutrophil cytoplasmic antibody 
(ANCA) test, which is due to anti-myeloperoxidase antibodies and 
appears as a perinuclear staining pattern (P-ANCA). Tissue 
biopsy typically shows a necrotizing small vessel vasculitis with 
the characteristic prominent collection of mature eosinophils 
(23). Patients usually improve when treated with high doses of 
corticosteroids, and cyclophosphamide can be given to the rare 
steroid-unresponsive patient (24). 

ALLERGIC BRONCHOPULMONARY ASPERGILLOSIS (ABPA) 

ABPA is another eosinophilic lung disease limited to 
patients with pre-extant asthma; in common with Churg-Strauss 
Syndrome, patients with ABPA have long-standing asthma which 
usually worsens prior to ABPA onset. The seven criteria required 
for the diagnosis are listed on Table 2. 

Table 2 

DIAGNOSTIC CRITERIA FOR ABPA 

1. · Asthma 
2. Abnormal chest radiograph 
3. Eosinophilia 
4. Elevated serum IgE 
5. Immediate skin test response 

to Aspergillus antigens 
6. Precipitating antibodies 

(IgM, IgG, or IgA) to Aspergillus 
7. Central bronchiectasis 

Aspergillus fumigatis is the usual species causing ABPA, and 
it is present as a saphropyte, colonizing bronchi but not 
invading the bronchial wall. Patients often have a history of 
coughing brown colored mucous p+ugs, which are brown due to the 
presence of abundant fungal hyphae (25,26). About half present 
with a productive cough, fever, and an infiltrate on the chest 
radiograph and thus are often mis-diagnosed as having a bacterial 
pneumonia. The chest radiograph may have a distinctive 
appearance with dense shadows radiating out from the hilum in a 
gloved finger pattern, which is caused by mucous plugs in large 
central bronchi. Other radiographic patterns include nodular 
infiltrates and linear/ring shadows which are formed by thickened 
bronchial walls ( 27) . ABPA responds rapidly to modest 
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corticosteroid doses. Patients with established ABPA can be 
followed by measuring their total serum IgE level, which usually 
rises prior to an exacerbation (28-30). 

PARASITIC INFECTION 

Since a major eosinophil function is killing parasites it is 
not surprising that many parasite-infected patients have 
eosinophilia and some develop eosinophilic lung disease. These 
diseases can be separated into two groups - Lofflers Syndrome 
and Tropical Pulmonary Eosinophilia - based on both clinical 
features and the type of helminth (worm) infecting the patient. 

Lofflers Syndrome, or simple pulmonary eosinophilia, is 
caused by a number of worms (Table 3). A common feature of these 
infections is that the worm larvae have a migratory phase during 
which they exit the circulation through the pulmonary 
capillaries, enter the airspaces of the lung, and ascend the 
bronchial tree to eventually be swallowed and enter the 
gastrointestinal tract. Pulmonary disease caused by these worms 
represents a larvae-induced pneumonitis and is typically 
transient, since the migratory larvae either exit the lungs or 
die (31,32). Typical cases are mild, last for <4 weeks, and 
present as a febrile illness with wheezing and cough. The chest 
radiograph shows migratory infiltrates, ntild eosinophilia is 
present, and serum IgE levels are usually normal. Severe cases, 
in which patients develop marked airway obstruction and 
respiratory failure, have been reported (33). 

Table 3 

PARASITES CAUSING LOFFLERS SYNDROME 

+ Ascaris species 
+ Ancylostoma duodenale 
+ Necator americanus 
+ Toxocara canis and catis (visceral larva migrans) 
+ Strongyloides stercoralis 
+ Schistosoma species 
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Tropical pulmonary eosinophilia is caused by two worms, 
Wuchereria bancrofti and Brugia malayi. The adult worms dwell in 
lymphatic vessels and release micro-filariae into the 
circulation, which lodge in pulmonary capillaries, are opsonized 
by IgE, and induce an influx of eosinophils into the lung 
parenchyma. Patients present with lymphedema, fever, cough, 
wheezing, and nodules or infiltrates on the chest radiograph. 
Laboratory tests reveal marked eosinophilia (>3, ooo;mm3 ) , high 
IgE levels, and large numbers of eosinophils in BAL fluid (34-
36) . Unlike Lofflers Syndrome tropical pulmonary eosinophilia is 
a chronic disease and symptoms may last for months to years. 
Progression to irreversible interstitial lung disease, with 
restrictive changes on pulmonary function testing and fibrosis on 
lung biopsy, has been described (37,38). 

DRUG-INDUCED EOSINOPHILIC LUNG DISEASE 

A large number of drugs can cause eosinophilic pneumonia 
(Table 4) • Affected patients present similarly to Lofflers 
Syndrome with fever, wheezes, and radiographic infiltrates. 
Eosinophilia is usually but not always present (39). Symptoms 
resolve rapidly and the chest radiograph clears once the 
offending drug is stopped. Recent additions to the list are 
tryptophan and inhaled crack cocaine; the former, when ingested 
in gram amounts as a treatment for insomnia, can also cause an 
eosinophilia-myalgia syndrome without pulmonary involvement 
(40,41). 

Table 4 

DRUGS CAUSING EOSINOPHILIC LUNG DISEASE 

+ Antibiotics: 
Penicillins, nitrofurantoin, 
streptomycin, sulfonamide, tetracycline 

+ Bleomycin, methotrexate 
+ Naproxen, gold, phenylbutazone 
+ Dilantin, carbamazepine 
+ Imipramine 
+ Propylthiouracil 
+ Phenothiazine, chlorpromazine 
+ Crack cocaine 
+ Tryptophan 
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ACUTE AND CHRONIC EOSINOPHILIC PNEUMONIA 

The eosinophilic pneumonias are idiopathic conditions in 
which eosinophils infiltrate the interstitium and airspaces. 
Secondary causes of pulmonary eosinophilia such as infection, 
drug reactions, or a vasculitis must be excluded before a 
diagnosis of eosinophilic pneumonia can be made. Both chronic 
and acute presentations have been described. 

Criteria for chronic eosinophilic pneumonia include > two 
weeks of symptoms, radiographic infiltrates, eosinophilia, and 
exclusion of any other cause of eosinophilic pneumonia. Middle 
aged females are most often affected, and 40% have asthma or a 
history of asthma. Cough, fever, dyspnea and weight loss are the 
usual symptoms, with the mean duration of symptoms in one series 
being 7.7 months (42,43). 60% have a very characteristic chest 
radiograph which has been described as resembling a photographic 
negative of pulmonary edema; dense air-space infiltrates are 
present in the periphery of the lung, abutting the pleura, but 
central peri-hilar areas are clear. Lung biopsies show intra
alveolar and interstitial eosinophils and fibrosis, and BAL 
typically contains >30% eosinophils (44). Many of the 
eosinophils in lung bioipsies appear degranulated, and large 
amounts of major basic protein, a component of eosinophil 
granules, have been detected in lung and pleural fluid samples 
(45,46). Patients typical improve dramatically and rapidly (<5 
days) with corticosteroids, and steroids can be given as a 
diagnostic and therapeutic trial (). However, relapses occur and 
a minimum of six months corticosteroid therapy is recommended 
( 43) . 

Acute eosinophilic pneumonia has only recently been 
described and is a fulminant disease, with respiratory failure 
occurring within seven days of initial symptoms. Patients 
present with fever, dyspnea, severe hypoxemia, and diffuse 
infiltrates on the chest radiograph. Unlike chronic eosinophilic 
pneumonia, the chest radiograph does not show a characteristic 
peripheral infiltrate, eosinophilia is rare, and the disease does 
not recur. The diagnosis is usually made by bronchoscopy when 
BAL contains >25% eosinophils (47,48). Patients improve within 
48 hours of corticosteroid administration. 

EOSINOPHIL CELL BIOLOGY 

EOSINOPHIL REGULATION - THE Th2 RESPONSE 

Recent advances in immunology indicate that eosinophil 
production, entry of eosinophils into tissue, and activation is 
largely controlled by T cells and T cell-derived cytokines. The 
evolving picture is that CD4+ helper T cells can be divided into 
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two subgroups, based on both the pattern of cytokines released 
and the type of immune response which results (49,50). The 
subgroups are called Th1 and Th2 (for T helper) and both require 
an antigen presenting cell such as a macrophage to initiate the 
response. The Th1 response is important for cell mediated 
immunity against intracellular pathogens (such as Mycobacteria) 
and results in granuloma formation and delayed-type 
hypersensitivity (Figure 8). The Th2 response occurs during 
parasitic and allergic diseases and is associated with 
eosinophilia and high IgE levels. Each response inhibits the 
other; gamma interferon suppresses.Th2 cells and IL-10, released 
by Th2 cells, inhibits early stages of Th1 activation (51,52). 
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• Anti-viral response 
• Allograft rejection 
• Macrophage 

Suppresses Th1 

cytokine synthesis 

Suppresses 

Th2 proliferation 

• Antibody 
• Allergy (lgE; mast cells; 
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FIGURE 8. Th1, Th2 responses. 

Immunology Today, 14:335, 1993 
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Some of the in vivo evidence suggesting that C4+ cells 
control eosinophils by producing Th2-type cytokines (particularly 
IL-4 and 5) is outlined below. Although most of the data has 
been obtained from studies of allergic reactions and asthma, it 
is not unreasonable that identical mechanisms occur during other 
types of e~sinophilic lung disease. 

1. Mice infected with the parasite Nippostrongylus 
brasiliensis develop eosinophilia, high IgE levels, and 
their lymph node/spleen T cells produce large amounts 
of IL-4 and 5 and little gamma interferon. Treatment 
with an anti-IL-4 Mab reduces IgE levels, and an anti
IL-5 Mab decreases eosinophilia (53). 

2. In a murine model of asthma, in which ovalbumin
sensitized mice inhale aerosolized ovalbumin, a rapid 
influx of CD4+ T cells and eosinophils into the 
tracheal epithelium occurs after the inhalational 
challenge. Pretreatment with either an anti-CD4 Mab 
(Figure 9) or an anti-IL-5 Mab prevents the increase of 
epithelial eosinophils, suggesting that CD-4+ cells 
recruit eosinophils to the respiratory tract by 
releasing IL-5 (54). Pretreatment with an anti-CDS Mab 
had no effect. In the same model, gamma interferon 
pretreatment prevents the antigen-induced entry of CD-
4+ cells and eosinophils, supporting the concept that 
gamma interferon, an important Th1 cytokine, suppresses 
Th2 responses (55). 
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FIGURE 9. The open bars represent control animals and the black 
bars animals pretreated with an anti-CD4 Mab. 

Am. Rev. Respir. Dis. 146:375, 1992 
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3. Human studies have characterized cytokine production by 
measuring lymphocyte mRNA at sites of antigen-induced 
dermal late-phase reactions and in BAL fluid obtained 
from asthma patients. The results have been 
consistent; large numbers of T cells are present which 
are producing the Th2 cytokines IL- 3, 4, 5 and GM-CSF, 
while little message for gamma interferon or IL-2 is 
present (Figure 10) (56-59). 
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FIGURE 10. IL-4, IL-5 and gamma interferon mRNA expression in BAL T cells obtained 
from asthma patients . 

N. Eng. J. Med. 326:302, 1992 

Th2 CYTOKINES - IL-4 AND IL-5 

IL-4 has several important effects. It supports mast cell 
proliferation by acting as a mast cell growth factor, and Il-4 is 
the principal switch factor promoting IgE and IgG1 production by 
B cells ( 60, 61) . Although IL-4 does not affect eosinophil 
production, it does promote eosinophil entry into tissue by 
increasing eosinophil adherence to endothelial cells. In 
experiments performed with human eosinophils and endothelial cell 
monolayers, IL-4, at concentrations of 10-1,000 unitsjml, 
markedly (250% increase) and selectively (granulocyte adherence 
is not affected) increases eosinophil adherence to endothelial 
cells (62). The mechanisms of eosinophil adherence will be 
reviewed in a subsequent section. Transgenic mice have been 
produced which overexpress IL-4. These animals have high IgE 
levels and develop a characteristic external eye swelling which 
histologically shows large numbers of eosinophils, edema, and 
mast cells (63). Mice infected with the parasite Nippostronglus 
brasiliensis have high IgE levels and eosinophilia, and an IL-4 
Mab reduces IgE levels by 90% with no effect on blood eosinophil 
counts (53). Thus, IgE production and eosinophil adherence are 
two IL-4 effects relevant to eosinophilic lung disease. 
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IL-5, the other major player in a Th2 response, has a number 
of direct effects on eosinophils (Table 5). Human bone marrow, 
exposed in vitro to IL-5, produces large numbers of colonies 
containing only eosinophil precursors. Other Th2 cytokines, such 
as GM-CSF and IL-3, are less selective than IL-5 because they 
also stimulate granulocyte production, but the effect of GM-CSF 
and IL-3 on eosinophilopoiesis is additive to IL-5 (64). 
Transgenic mice expressing large amounts of IL-5 develop a marked 
. (68%) eosinophilia, and in parasite infected mice, which have 
eosinophilia and high IL-5 levels, eosinophil counts decline when 
the animals are treated with anti-IL-5 Mabs (53,65). Thus, IL-5 
is the major factor responsible for eosinophilopoiesis. 
Additionally, IL-5 significantly prolongs human eosinophil 
survival and IL-5 selectively increases eosinophil adherence to 
endothelial cells (66-69). 

Table 5 

I:L-5 EFFECTS 

1. Eosinophilopoiesis 
2. Increased eosinophil survival 
3. Increased adherence to endothelial 

cells 
4. Eosinophil activation 

IL-5 activates eosinophils for enhanced toxicity to 
parasites and host cells. Human eosinophils, exposed to IL-5 for 
3 - 5 days, release granule proteins (MBP, EDN) when exposed to a 
second stimulus such as immunoglobulin-coated beads (70). IL-5 
causes eosinophils to become less dense, and hypodense cells 
produce more LTC4, consume more oxygen, and are more toxic to 
parasites and eukaryotic cells (71,72). However, IL-5 activation 
by itself is insufficient to cause disease, because IL-5 
transgenic mice have high IL-5 levels, large numbers of 
circulating eosinophils, and heavy eosinophilic infiltration of 
lymph nodes and lung but are apparently healthy (65). It may be 
that a second stimulus, such as PAF, or an sigA or IgG opsonized 
parasite, is necessary to cause tissue injury by IL-5 activated 
eosinophils. 
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Evidence supporting a role for IL-5 in human disease comes 
from asthma patients. BAL fluid, obtained 48 hours after an 
inhaled antigen challenge given to atopic asthmatics, contains 
large amounts of IL-5, and the amount of IL-5 present correlates 
with the number of BAL eosinophils (Figure 11). No IL-3 or GM
CSF was present (5, 73). Bronchial biopsies from symptomatic 
asthmatics show many IL-5 mRNA positive cells, and the number of 
IL-5 positive cells correlates with the number of recruited 
eosinophils and with the presence of activated eosinophils, as 
judged by positive EG2 staining (74). Bronchial biopsies 
obtained from normal subjects or asymptomatic asthmatics have no 
IL-5 producing cells. Although Th2 cells are thought to be the 
major source of IL-5, in one study 69% of BAL eosinophils 
obtained from asthma patients expressed IL-5 mRNA (58). Thus, it 
is possible that airway eosinophils may produce IL-5 in an 
autocrine fashion, resulting in a positive feedback loop. 
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FIGURE 11. Relationship of IL-5 in BAL fluid with eosinophils in BAL. 
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EOSINOPHIL-ENDOTHELIAL ADHERENCE 

To cause an inflammatory response leukocytes must exit the 
circulation and enter a target organ. The initial step in this 
process occurs when leukocytes adhere to venule endothelial 
cells, followed by diapedesis through the endothelium and 
movement towards a chemotaxin gradient. Eosinophils, 
granulocytes, and lymphocytes have evolved sophisticated systems 
of adhesion molecules which recognize endothelial cell surface 
ligands; by varying the pattern of adhesion molecule expression, 
cytokines and other substances can selectively recruit 
inflammatory cells. 
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An overview of eosinophil adhesion molecules and their 
corresponding endothelial ligands is shown on Figure 12. The two 
most important eosinophil adhesion molecules are the B1 and B2 
integrins, CD11b/CD18 and VLA-4, which are regulated by the two 
Th2 cytokines discussed earlier, IL-4 and IL-5. IL-5 increases 
the amount of CD11b/CD18 on eosinophils and increases eosinophil 
adherence to human endothelial cells in a CD11b/CD18 dependent 
manner (66,69,75,76). Interestingly, although neutrophils also 
adhere via CD11/CD18, IL-5 has no effect on either neutrophil 
CD11/CD18 levels or on neutrophil adherence, and IL-5 thus 
selectively increases eosinophil adherence. Sputum eosinophils 
from asthmatics, compared to blood eosinophils from the same 
patients, express increased amounts of CD11b, suggesting that 
CD11b was upregulated during transit from the pulmonary 
circulation (77). Bronchial biopsies obtained from atopic 
asthmatics six hours after inhaled antigen challenge show intense 
staining for ICAM-1, the ligand for CD11b/CD18, along sub
epithelial blood vessels (78). Convincing evidence comes from a 
primate model in which Ascaris sensitive monkeys develop hyper
reactive airways after three inhalational challenges with Ascaris 
antigens. After inhaling Ascaris antigens their airways show 
intense ICAM-1 expression along the basolateral epithelial cell 
surface and on sub-mucosal endothelial cells and there is an 
influx of CD11/CD18+ leukocytes; pretreatment with MabR6. 5, an 
anti-ICAM-1 Mab, prevents both eosinophil entry and the 
development of hyper-reactivity (20). 

Human Eosinophil Adherence to Vascular Endothelial Cells 

FIGURE 12 
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IL-4 promotes eosinophil adherence through a separate 
mechanism. VCAM-1, the endothelial cell ligand for VLA-4, is not 
normally expressed. IL-4 increases endothelial cell VCAM-1 but 
has no effect on other endothelial cell adhesion molecules; 
eosinophils (but not granulocytes) express VLA-4. Thus, IL-4 
also selectively promotes eosinophil adhesion. 

The results of in vivo experiments comparing the relative 
roles of these two pairs of adhesion molecules are shown on 
Figure 13. ovalbumin sensitized mice were given inhaled 
ovalbumin and the number of tracheal eosinophils measured (79). 
Pretreatment with anti-ICAM-1 Mab or anti-CD11/CD18 (anti-LFA in 
the figure label) had little effect. Either an anti-VCAM-1 or an 
anti-VLA-4 Mab decreased tracheal epithelial eosinophils by >70%, 
and both also caused a significant rise in blood eosinophil 
counts. The greatest effect occurred when an anti-VLA-4 and an 
anti-CD11/CD18 Mab were administered together; blocking both 
eosinophil adhesion molecules totally prevented eosinophil entry. 
Similar results have been seen with a model of dermal allergic 
inflammation (80). Thus, eosinophils rely on two adhesion 
molecules, which are regulated by two different Th2 cytokines, 
for entry into the respiratory tract. VLA-4-VCAM-1 are 
responsible for most eosinophil recruitment and blocking VLA-4 
mediated eosinophil adherence with either Mabs or soluble VCAM-1 
analogues may eventually become a useful therapy for eosinophilic 
diseases. 

Control a-ICAM a-VCAM a-ICAM a-lFA a-VLA a-lFA 
+ + 

a-VCAM a-VLA 

FIGURE 13. Effect of pretreatment with anti-adhesion Mabs. 

J_ Exp. Med. 179:1149, 1994 
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EOSINOPHIL CHEMOTAXIS 

The adherence mechanisms reviewed in the previous section 
localize eosinophils along the pulmonary capillary walls; 
movement out of the vascular space and into the lung requires 
additional factors such as chemotaxins. Eosinophils respond with 
directed movement to a number of substances, including C5a, FMLP, 
PAF, LTB4, IL-5, and GM-CSF. Of these substances PAF, which is 
produced by many different cells, is the most potent; 10 nM 
concentrations suffice for eosinophil chemotaxis (81). Inhaled 
PAF also causes acute bronchoconstriction in humans and recruits 
eosinophils to respiratory epithelium, and in vitro PAF primes 
eosinophils for oxygen radical and LTC4 release (82-84). 
Lymphocyte chemoattractant factor (LCF) is a recently described 
substance which is even more active than PAF.LCF is released by 
lymphocytes in response to antigens or histamine, binds only to 
CD4 + cells ( eosinophils, but not neutrophils, have CD4) and 
causes eosinophil migration at 0.01-0.1 nM concentrations (85). 
It is likely that LCF, released by the same cells responsible for 
Th2 cytokines, is a major factor moving eosinophils into lung 
parenchyma and/or bronchial epithelium. 

EFFECTOR MECHANISMS 

Eosinophils are capable of releasing a number of pro
inflammatory cytotoxic substances once they are recruited to a 
tissue site. Many of these products are toxic to helminths as 
well as to host cells. The numerous large secondary granules, 
which stain intensely with the acidic dye eosin thus accounting 
for the name eosinophil, contain four different pre-formed 
proteins. These granules proteins probably account for most 
eosinophil-induced inflammation and will be reviewed in a 
subsequent section. 

Non-granule inflammatory mediators include the 
sulfidopeptide leukotrienes LTC4, LTD4, and LTE4. Eosinophils 
preferentially produce leukotrienes from arachidonic acid, and 
phospholipase A2, the enzyme which forms arachidonic acid from 
cell membrane phospholipids, is activated when eosinophils are 
stimulated (86). The Th2 cytoines IL-3, IL-5, and GM-CSF all 
prime eosinophils for enhanced LTC-4 production, as does PAF 
(87, 88). Leukotrienes increase vascular permeability and cause 
bronchospasm, two key features of asthma. All three leukotrienes 
are 1, 000 fold more potent than histamine in causing 
bronchoconstriction (89). A LTD4 receptor antagonist called MK-
571 inhibits exercise-induce asthma, and administration of the 5-
lipoxygenase inhibitor Zileuton to asthma patients causes an 
immediate and sustained decrease in airway obstruction (90,91). 
Intact bronchi, removed from birch pollen sensitive asthma 
patients during lung surgery, constrict and produce large amounts 
of leukotrienes when challenged ex-vivo with birch pollen. 
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Pretreatment with a leukotriene synthesis inhibitor prevents the 
pollen-induced constriction (92). Thus, it is likely that 
leukotrienes are released by eosinophils within bronchial walls 
and contribute significantly to both acute brochospasmn and the 
late response. 

Eosinophil granules contain four proteins - major basic 
protein (MBP), Eosinophil peroxidase (EPO), eosinophil cationic 
protein (ECP), and eosinophil-derived neurotoxin (EON). Although 
all four are released by degranulating eosinophils and are 
potentially injurious, most of the available evidence suggests 
that MBP is especially important. MBP comprises 50% of secondary 
granule content, has no known enzymatic activity, and is present 
as a discrete electron-dense core within the secondary granule; 
the other three granule proteins form a less-dense matrix around 
MBP (93). As its name implies it is an extremely basic protein, 
having an isoelectric point pH of 10.9 due to the presence of 17 
arginines. The effects of MBP are shown on Table 6. 

Table 6 

MBP EFFECTS 

+ Helminth parasite killing 
+ Cytotoxic to respiratory 

epithelial cells 
+ Ciliostasis 
+ Acute bronchoconstriction 
+ Airway hyper-reactivity 

Relatively low (10 ugjml) MBP concentrations cause 
ciliostasis, due to inhibition of an ATPase in ciliary axonemes 
(94). Slightly higher concentrations are toxic to tracheal 
epithelial cells and cause epithelial desquamation (95,96). 
MBP's positive charge is important for its cytotoxicity probably 
because it promotes close apposition of MBP to negatively charged 
cells. Once attached, MBP is thought to disrupt cell membranes 
by inserting hydrophobic segments into the membrane, causing an 
increase in permeability and cell death (97). The importance of 
MBP's positive charge for toxicity is shown by experiments in 
which mixing MBP with equimolar amounts of negatively charged 
substances, such as heparin or poly-L-glutamic acid, ablates its 
toxicity to helminths and tracheal epithelial cells (98,99). 
Eosinophils avoid MBP toxicity by initially making pro-MBP, a 207 
amino acid protein with an isoelectric pH of 6. 2 • The pro 
portion balances MBP's positive charge by containing 26 acidic 
amino acids. Pro-MBP is transported to the granule and, once it 
is sequestered within the dense core area, the pro protein is 
cleaved to form MBP (97). 
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Asthmatic patient's sputum contains MBP at concentrations up 
to 93 ugjml, and similar concentrations are present in BAL fluid 
obtained during a late response (5). MBP concentration in BAL 
fluid correlates with hyper-reactivity in asthma (Figure 14). 
Primates (cynomolgus monkeys), given 1 mg of pure human MBP by 
inhalation, develop acute bronchoconstriction and also develop 
hyper-reactivity to subsequent methacholine challenges (Figure 
15) . None of the other three granule proteins cause hyper
reactivity ( 100) . Co-administration of acidic poly anions with 
MBP prevent hyper-reactivity as well as toxicity to tracheal 
epithelial cells, again suggesting-that MBPs' positive charge is 
essential for its effects. Thus, asthma patients have toxic 
levels of MBP, and MBP probably causes the epithelial 
desquamation and hyper-reactivity which characterizes asthma. 
Since MBP is toxic to fibroblasts and other lung cells, and is 
present in high concentrations in chronic eosinophilic pneumonia, 
it is likely to contribute to lung injury in all the eosinophilic 
lung diseases. 
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The other three granule proteins may also produce 
eosinophilic injury. EPO is also a very basic protein 
(isoelectric pH 10.8) which is toxic to epithelial cells by 
itself; if supplied with hydrogen peroxide and a hal ide, EPO 
catalyzes formation of toxic oxidants which considerably enhance 
EPO cytotoxicity (95). ECP is toxic to tracheal cells but only 
at a relatively high concentration of >100 ugjml (95,101). EON 
does not injure respiratory epithelium but is toxic to neurons, 
causing axonal degeneration and vacuole formation in myelin 
sheaths. The neural toxicity of EON may explain the common 
occurrence of neuropathies in the Churg-strauss syndrome (102). 

'l'REA'l'MENT 

Therapy of eosinophilic lung disease depends on the specific 
cause. For example, antibiotics should be administered for 
parasitic infections, and obviously drugs causing eosinophilia 
should be stopped. For most of these diseases, however, there is 
no specific therapy and the recommended treatment is a 
corticosteroid. Steroids have numerous beneficial effects, 
including decreased cytokine production by T cells, down
regulation of endothelial cell adhesion molecules, and decreased 
LTC4 and tissue entry by eosinophils (103). Corticosteroids also 
cause a marked drop in the number of circulating eosinophils by 
decreasing eosinophil survival, which occurs even if IL-5 is also 
present (104). Most eosinophilic lung disease responds rapidly 
to relatively small doses given systemically or, in the case of 
asthma, delivered directly to bronchial epithelium via an 
inhaler. The advent of inhaled steroids has revolutionized 
asthma therapy, as most asthmatics can be treated with 1-2 mg of 
an inhaled steroid per day, and inhaled steroids are now 
considered first line therapy for asthma patients (105). Some 
patients fail to respond to usual corticosteroid doses. 
Recently, T cells obtained from these steroid-resistant patients 
have been shown to have two defects; the majority have a 
decreased binding affinity of their steroid receptors, while a 
small number have a reduced number of steroid receptors (106). 
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