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With the advent of monoclonal antibody therapy, it has been possible to target

specific components of the immune system and to examine the effects of their

neutralization on the clinical manifestations of disease in humans. Interleukin-5

(IL-5) is a key cytokine in eosinophil differentiation [1], maturation, recruitment,

and activation at sites of inflammation [2]. It stimulates the expansion and

differentiation of eosinophil precursors [3] and up-regulates expression of its own

specific receptor a chain during human eosinophil development [4]. IL-5 is

produced primarily by activated T cells, although secretion by CD8+ T cells [5],

natural killer cells [6], mast cells [7], eosinophils [8], and airway epithelial cells

[9] has been reported. In addition, it is chemotactic for eosinophils, stimulates

their activation [10], prolongs their survival [11], and facilitates their degranu-

lation in response to specific stimuli. In contrast to the broad range of biologic

activities of the other cytokines known to have a role in eosinophilia (ie, IL-3,

granulocyte macrophage colongy-stimulating factor [GM-CSF]), the action of

IL-5 is specific for eosinophils in humans. This specificity likely is conferred by

the restriction of expression of the IL-5 receptor a (IL-5Ra) chain to eosinophils

and basophils [12].

Two monoclonal antibodies to human IL-5, SCH55700 (Schering-Plough

Research Institute) and mepolizumab (GlaxoSmithKline), have been used in

clinical trials for the treatment of asthma and hypereosinophilic syndromes.

SCH55700 is a humanized monoclonal antibody of the IgG4/k subtype that is
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Table 1

Comparison of mepolizumab and SCH55700

Characteristic Mepolizumab SCH55700

Parent antibody 2B6 (mouse) 39D10 (rat IgG2a)

Antibody subclass IgG1/k IgG4/k
Kd for human IL-5 4.2 pM 81 pM

Mean half life (d) Not available 24.5–30.1a

Dose range in human trials 2.5–10b mg/kg 0.03–3 mg/kg

References [15,27,28,99,100] [13,32,101]

a 1-mg/kg single dose in patients with mild asthma.
b In some studies, patients received mepolizumab at a dose of 250 or 750 mg without regard

to weight.
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derived from the rat antihuman antibody 39D10. Complementarity-derived

regions were grafted onto human frameworks, cloned into a cytomegalovirus

promoter-based mammalian expression vector, and transfected into NS0 murine

myeloma cells for antibody production [13]. The purified humanized 39D10

antibody, designated SCH55700, was shown to neutralize IL-5 by binding to

amino acids 89–92 (ERRRV), the same amino acids that are bound by the

parental rat molecule [14]. Mepolizumab (SB-240563) is a humanized mono-

clonal antibody of the IgG1/k subtype that is derived in a similar fashion from the

murine monoclonal antihuman IL-5 antibody 2B6 and expressed in Chinese

hamster ovary cells [15].

This article discusses the rationale for the use of anti–IL-5 therapy in asthma

and hypereosinophilic syndrome and summarizes the available clinical data on

the use of anti–IL-5 in these disorders. Although mepolizumab and SCH55700

share a number of features (Table 1), including excellent preclinical and clinical

safety profiles, profound and prolonged effects on eosinophilia in animal models,

and long terminal half-lives, the affinity of mepolizumab for human IL-5 is

approximately 20-fold greater than that of SCH55700. In view of this difference

in affinity and the fact that mepolizumab dosing in the clinical trials has been

approximately 10-fold higher than that of SCH55700, comparisons among

clinical trials of the two drugs need to be interpreted cautiously.
Asthma

Asthma, eosinophils, and interleukin-5

Asthma is a chronic inflammatory condition of the airways that is

characterized by a prominent eosinophilic inflammatory infiltrate in the bronchial

mucosa. For many years, it has been recognized that eosinophils can damage the

airway mucosa and associated nerves through the release of granule-associated

basic proteins; lipid mediators; reactive oxygen species; and a variety of other

agents, including cytokines and chemokines. These observations and the broad

correlation between activated eosinophils and severity of asthma have led to the
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hypothesis that the eosinophil is the central effector cell in ongoing airway in-

flammation [16].

IL-5 transgenic mice exhibit a marked blood and tissue eosinophilia [17], and

IL-5 gene disruption abolished eosinophilia, airway hyperreactivity, and lung

damage in a mouse model of asthma [18]. IL-5 also was shown to be a

basophilopoietic factor. Culture of leukocyte precursors with IL-5 yields mixed

eosinophil and basophil colonies [19]. Basophils are less numerous in the airway

infiltrate in asthma [20], but through interaction of allergen with surface high-

affinity IgE, receptor-bound IgE may be an important contributor to allergen-

induced asthma symptoms [21].

Studies have shown that the expression of IL-5 in bronchoalveolar lavage fluid

(BALF) and bronchial biopsies is increased in asthma [22]. The level of IL-5

correlates with clinical features [23], and IL-5 mRNA in the bronchial mucosa

was up-regulated after allergen-provoked asthma [24], which decreased after

successful treatment with corticosteroids [25]. In an Ascaris model of allergen

challenge in monkeys, anti–IL-5 almost completely abrogated eosinophilia and

airways hyperresponsiveness [26].

Interleukin-5 blockade in asthma

For many years, it has been speculated that IL-5 blockade using an anti–IL-5

or an anti–IL-5Ra antibody would improve symptoms in asthma by depleting

eosinophils from the tissues; however, a small study of the effect of a humanized

monoclonal antibody against IL-5 (mepolizumab) in mild atopic asthmatics

found that a single intravenous infusion effectively depleted eosinophils from

blood and induced sputum, but had no effect on airways hyperresponsiveness and

the late asthmatic reaction after inhaled allergen challenge [27].

The study’s conclusion that eosinophils were unlikely to be important in

asthma pathogenesis was premature, however, because the study was under-

powered. Furthermore, there was no information on the effectiveness of

mepolizumab in the depletion of eosinophils from the bronchial mucosa. This

factor was critical, because other cytokines, such as GM-CSF and IL-3, are

involved in eosinophil maturation [2]. Eosinophil depletion from the tissue

cannot be assumed from sputum and blood data. The effect of IL-5 blockade on

basophil infiltration of the airway was not reported, and the selectivity of

mepolizumab for the eosinophil was not established.

The authors examined the effect of anti–IL-5 on eosinophils and basophils at

the site of disease (airway tissue) and the bone marrow [28]. A total of 24 mild

asthmatics received three intravenous doses of 750 mg of mepolizumab or

placebo over 12 weeks in a randomized, double-blind, parallel-group study

(Fig. 1). Blood, bone marrow aspirate, and endobronchial biopsies were obtained

before and after treatment, and airway hyperresponsiveness (AHR) and forced

expiratory volume in 1 second (FEV1) were recorded together with peak flow

diaries. The authors confirmed the earlier study by showing that mepolizumab

produced a median 100% decrease (interquartile range, 67%–100%) in blood
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Fig. 1. The effect of mepolizumab on blood and tissue eosinophils: study design. (From Flood-Page

PT, Menzies-Gow AN, Kay AB, Robinson DS. Eosinophil’s role remains uncertain as anti-inter-

leukin-5 only partially depletes numbers in asthmatic airway. Am J Respir Crit Care Med 2003;167:

199–204; with permission.)
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eosinophils from baseline, which was sustained for 12 weeks after treatment.

Although significant reductions were seen in levels of bronchial mucosal and

bone marrow eosinophils, the median reduction was only 55% for airway

eosinophils (range, 29%–89%) and 52% for bone marrow eosinophils (range,

45%–76%) (Figs. 2 and 3). There were no significant changes in blood, airway

tissue, or bone marrow basophil numbers. Clinical outcomes, including AHR,

were unaffected by mepolizumab treatment (except for the median morning peak

flow, which was increased significantly in patients receiving mepolizumab), and

there were no changes in the other clinical measures of asthma.

Tissue staining with antibody to eosinophil major basic protein showed no

significant reduction with anti–IL-5 treatment (Fig. 3). Despite high-dose anti–

IL-5 treatment, there were residual airway eosinophils, which remained activated

in asthmatic subjects. Tissue eosinophils were deleted selectively, and there was

no significant alteration in the numbers of neutrophils, basophils, mast cells,

macrophages, or lymphocytes. This finding was similar to the findings of Buttner

et al [29], who found that mepolizumab had no effect on circulating T-cell subsets

or circulating T-cell cytokine production. The dramatic depletion in blood

eosinophils was associated with only a modest change in the bronchial mucosa

and emphasized the importance of obtaining biopsy tissue from the target organ

when evaluating eosinophil-depleting strategies.

A previous study involving asthmatics of similar severity showed that oral

corticosteroid therapy reduced mucosal eosinophil infiltration by a median of 81%
Fig. 2. Effect of mepolizumab or placebo treatment on eosinophils within the bronchial mucosa,

bone marrow, and blood. MBP, major basic protien; ns, not significant. (From Flood-Page PT,

Menzies-Gow AN, Kay AB, Robinson DS. Eosinophil’s role remains uncertain as anti-interleukin-5

only partially depletes numbers in asthmatic airway. Am J Respir Crit Care Med 2003;167:199–204;

with permission.)
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Fig. 3. (A) Bronchial mucosal biopsies stained with a monoclonal antibody against MBP before and

after treatment with mepolizumab. Residual tissue eosinophils is seen after treatment (positive staining

is developed with Fast Red). (B) Immunofluorescent staining with a polyclonal anti-MBP antibody of

bronchial biopsies before and after mepolizumab treatment, demonstrating no significant change in the

levels of extracellular MBP after anti–IL-5 treatment, despite a 55% decrease in intact tissue

eosinophils. (From Flood-Page PT, Menzies-Gow AN, Kay AB, Robinson DS. Eosinophil’s role

remains uncertain as anti-interleukin-5 only partially depletes numbers in asthmatic airway. Am J

Respir Crit Care Med 2003;167:199–204; with permission.)
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[30]. The authors interpret their findings as showing that mepolizumab does not

deplete airway eosinophils sufficiently to impact the clinical features of asthma.

In agreement with this lack of clinical efficacy for mepolizumab, a larger study

of the antibody in asthmatic patients taking inhaled corticosteroids (reported in

abstract form) showed no effect on lung function, medication use, or quality-of-

life measures of asthma [31]. Kips et al [32] described the effects of a second

humanized anti–IL-5 monoclonal antibody (SCH55700). Their patients were

severe asthmatics and persistently symptomatic despite treatment with high-dose

inhaled corticosteroids or oral prednisolone. Volunteers received a single infusion

of SCH55700 or placebo in a double-blind fashion, and blood and sputum eo-

sinophils, spirometry, peak flow recordings, and symptoms were monitored for

up to 30 days. In agreement with data obtained with mepolizumab [17,33],

SCH55700 produced a significant decrease in blood eosinophil counts at the two

highest doses used. Insufficient paired samples were obtained to determine

whether SCH55700 had any appreciable effect on sputum eosinophils. The

0.3-mg/kg dose of SCH55700 produced a significant increase in FEV1 at

24 hours, which persisted as a trend at subsequent time points. This improvement

was not associated with changes in symptom scores, FEV1–FVC ratio, or

peak flow recordings. The rapid improvement in FEV1 was difficult to interpret,

and the fact that it was not sustained and only observed with the submaximal
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dose was disappointing. This finding may have been related to the more acute

bronchoconstricting effect of eosinophil-derived cysteinyl leukotrienes or to an

eosinophil-independent property, because airway smooth muscle cells express the

IL-5 receptor and because in vitro incubation with IL-5 selectively primes for

hyperresponsiveness [34]. The rapid improvement in FEV1 may have been

caused by direct blockade of the actions of IL-5 on airway smooth muscle, which

in turn improved airway caliber.

The different levels of depletion of blood eosinophils compared with depletion

of bone marrow and bronchial mucosal eosinophils by anti–IL-5 treatment could

be explained in several ways. The monoclonal antibody may not penetrate tissues

or act systemically to reach bone marrow. Previous data from other studies of

antibody treatments and pharmacodymanic studies of the distribution of anti–IL-5

in animals make this explanation unlikely [35].

A second possibility is that other cytokines can sustain tissue eosinophilia in

the absence of IL-5. Obvious candidates are IL-3 and GM-CSF, and their levels

have been shown to be increased in the airways of asthmatics compared with the

airways of controls [36]. Liu et al [37] showed that expression of the IL-5

receptor on airway eosinophils is down-regulated in vivo after inhaled allergen

challenge and that this finding was associated with a loss of IL-5 responsiveness.

Gregory et al [38] demonstrated that exposure of blood eosinophils to IL-3, IL-5,

or GM-CSF in vitro leads to sustained down-regulation of surface IL-5Ra chain

expression, reduced responsiveness to IL-5, but no sustained changes in C-C

chemokine receptor 3 (CCR3) expression.

IL-5, IL-3, and GM-CSF share a common receptor b subunit, and mice with

gene deletion of this common signaling component have residual eosinophils

[39]. In these mice, eosinophils can be recruited to the airway after inhaled

allergen challenge of sensitized animals, and this recruitment seems to depend on

the chemokine eotaxin [40]. The authors previously showed that the expression

of eotaxin is increased in the airways of asthmatic subjects [41], and blockade of

its receptor, CCR3, may be required to deplete airway eosinophils in humans.

Although IL-5 gene deletion or antibody blockade abolished inhaled antigen-

induced AHR in some mouse models, this finding was not seen in all mouse

strains [42]. These experiments suggest that there are non–IL-5 mechanisms of

airway eosinophilia and noneosinophil mechanisms for inducing AHR.

Eosinophils and remodeling

Although the potential for eosinophils as pro-inflammatory cells is well

known, less attention has been given to their possible role in repair and remod-

eling processes, despite the well-documented association of tissue eosinophilia

and eosinophil degranulation with several fibrotic syndromes [43–46]. This re-

modeled phenotype, which may be the consequence of excessive repair processes

after repeated airway injury, includes increased deposition of extracellular matrix

(ECM) proteins in the reticular basement membrane (RBM) [47] and in the

bronchial submucosa [48]. These ECM proteins include procollagen III (the ma-
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ture precursor for collagen III) and the proteoglycans tenascin and lumican

[47,49–51]. In addition to their structural role, ECM proteins may influence

cellular function, including adhesion, differentiation, and survival [52,53]. Other

features of remodeling include increased smooth muscle mass [54], goblet cell

hyperplasia [55], and new blood vessel formation [56].

Previous evidence suggesting that the eosinophil may be important in the

pathophysiology of airways remodeling included the observation that the thick-

ening of the subepithelial basement membrane was associated with increased

levels of bronchial mucosal eosinophils in severe asthmatics [57]. Eosinophils are

a source of several molecules implicated in tissue remodeling processes, such as

transforming growth factor a (TGF-a) [46], TGF-b [58], vascular endothelial

growth factor [59], matrix metalloperoxidase 9 [60], tissue inhibitor of metal-

loproteinase 1 [61], and IL-13 [62]. TGF-b is a potent regulator of fibroblast and

myofibroblast function with the production of several ECM proteins, including

collagens, proteoglycans, and tenascin [63,64].

It was shown in vivo that eosinophil-derived TGF-b is associated temporally

with myofibroblast formation and the expression of tenascin and procollagen I by

fibroblasts in human atopic skin [65]. Direct evidence for the production of repair

markers was obtained in vitro by co-culture of eosinophils and fibroblasts.

Eosinophil-induced myofibroblast formation was associated with the generation

of tenascin transcripts and protein product, which was inhibitable by neutralizing

antibodies to TGF-b.

Anti–interleukin-5 and airway remodeling

The accumulating evidence suggested that that even a partial reduction of

eosinophil levels in the airway wall may alter repair and fibrotic processes. The

thickness and density of tenascin, lumican, and procollagen III immunoreactivity

was measured in the RBM of bronchial biopsies from the asthmatics described

earlier who had received three injections of mepolizumab [29,66]. The data were

quantified from images collected using confocal microscopy and were related to

eosinophil numbers. Expression of TGF-b1 mRNA by airway eosinophils was

assessed by in situ hybridization, and TGF-b1 protein was measured in BALF

by ELISA.

At baseline, airway eosinophil infiltration and deposition of extracellular

matrix protein was increased in the RBM of asthmatics, compared with non-

asthmatic controls. Treatment of asthmatics with anti–IL-5 antibody, which spe-

cifically decreased airway eosinophil numbers, significantly reduced the

expression of tenascin, lumican, and procollagen III in the bronchial mucosal
Fig. 4. The effect of anti–IL-5 on the total expression (thickness � density) or tenascin, lumican, and

procollagen III in the bronchial subepithelial RBM. The crossbars represent the median values. (From

Flood-Page P, Menzies-Gow A, Phipps S, Ying S, Wangoo A, Ludwig MS, et al. Anti-IL5 treatment

reduces deposition of exracellular matrix proteins in the bronchial subepithelial basement membrane

of mild atopic asthmatics. J Clin Invest 2003;112:1029–36; with permission.)
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Fig. 5. Tenascin immunoreactivity in the RBM from a normal subject (Plate 1) and from an asthmatic

subject before treatment (Plate 2) and after treatment (Plate 3) with anti–IL-5. Lumican immuno-

reactivity from a normal subject (Plate 4), before treatment (Plate 5), and after treatment (Plate 6) with

anti–IL-5 is shown. Examples of procollagen III immunoreactivity before treatment (Plate 7) and after

treatment (Plate 8) with anti–IL-5 are presented, although the decrease was not typical of all subjects.

Plate 9 shows an example of isotype control immunoreactivity. Immunoreactivity of ECM proteins is

indicated by green coloring. Sections were counterstained with 4V6-diamidino-2-phenylindole 2HCl

(DAPI) (blue). (From Flood-Page P, Menzies-Gow A, Phipps S, Ying S, Wangoo A, Ludwig MS, et al.

Anti-IL5 treatment reduces deposition of exracellular matrix proteins in the bronchial subepithelial

basement membrane of mild atopic asthmatics. J Clin Invest 2003;112:1029–36; with permission.)
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RBM, when compared with placebo treatment (Figs. 4 and 5). Anti–IL-5 treat-

ment was associated with a significant reduction in the numbers and percentage

of airway eosinophils expressing mRNA for TGF-b1 and in the concentration of

TGF-b1 in BALF.

The data supported a novel role for the eosinophil and suggested a link

between eosinophilic infiltration and airway remodeling in asthma. The findings
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were consistent with those previously reported in animal studies. In an IL-5 gene

knockout mouse model of airway remodeling, abrogation of eosinophil

infiltration after repeated allergen challenge was associated with an absence of

structural changes, including fibronectin production and mucus gland hyper-

plasia, which was observed in the wild-type controls [67]. In a separate animal

model of atopic asthma, prophylactic treatment of ovalbumin-sensitized BALB/c

mice with anti–IL-5 significantly reduced the subepithelial fibrosis that was

produced by repeated allergen challenge [68]. These investigators did not report

the effects of anti–IL-5 treatment on established fibrosis. In a chronic repetitive

allergen challenge model, Cho et al [69] showed that IL-5 gene deletion sup-

presses lung eosinophilia and tissue remodeling in parallel. Specifically, IL-5–

deficient mice exhibited reduced eosinophil numbers in BALF and peribronchial

tissue. This finding was associated with decreased TGF-b1 content of lung tissue

and evidence that eosinophils were the major source. Epithelial cell expression of

avb6, the integrin that activates latent TGF-b1 [62,70], was suppressed. In IL-5–

deficient animals, there was a reduction in the total lung collagen content,

peribronchial fibrosis, collagen III, and collagen V. Thickness of peribronchial

smooth muscle and expression of epithelial mucus also were reduced.

Anti–interleukin-5, extracellular matrix proteins, and transforming growth

factor b

Compared with lumican or procollagen III, there was a particularly close

correlation between baseline eosinophil levels and tenascin expression and a

more marked decrease in tenascin expression in response to anti–IL-5 therapy.

Mepolizumab did not significantly decrease the expression of the ECM protein

procollagen III, although the changes observed were significantly different from

those observed with placebo. This finding suggests a strong association between

eosinophils and tenascin deposition, as previously shown in allergen-induced

formation of tenascin in atopic skin [65]. Longer periods of treatment may be

required to reverse procollagen and lumican expression to the same degree as that

observed with tenascin. Evidence from studies investigating the effect of inhaled

corticosteroids on RBM thickness indicated that although short-term treatment is

associated with a significant decrease in tenascin thickness in the RBM [46],

longer-term studies are required to show a reduction in collagen III thickness

[71,72]. Over the study period, the placebo group had nonsignificant increases in

levels of eosinophils, tenascin, and procollagen, raising the possibility that these

changes reflect the natural history of untreated mild atopic asthma and that anti–

IL-5 may have prevented such an increase.

Tenascin expression before placebo treatment was lower than expression

before mepolizumab treatment, albeit not significantly lower. Because the treat-

ment groups were otherwise well matched in terms of clinical and histopathologic

features and were selected randomly, this difference is most likely the

consequence of the relatively small numbers and the large standard deviation

of the baseline values for tenascin.
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TGF-b1 is a potent differentiation factor for the formation of myofibroblasts in

vivo and in vitro [73,74] and has been shown to up-regulate the expression by

fibroblasts of an array of ECM proteins, including tenascin [75]. Consistent with

the findings of previous studies [76,77] most of the TGF-b1 mRNA+ cells in the

submucosa in these mild atopic asthmatics were eosinophils. Selective depletion

of eosinophils with anti–IL-5 use significantly reduced the number of TGF-b1
mRNA+ eosinophils in the bronchial mucosa and decreased TGF-b1 concen-

trations in BALF. The proportion of cells expressing TGF-b1 mRNA decreased

significantly in the mepolizumab recipients. This finding suggests that anti–IL-5

therapy decreased the number of eosinophils producing TGF-b1 and decreased

the degree of activation of these cells for TGF-b1 expression. The fact that most

TGF-b1 mRNA+ cells were eosinophils and that levels of TGF-b1 in BALF were

reduced supports the authors’ hypothesis that eosinophils are an important source

of TGF-b1 in the bronchial mucosa of asthmatics. Eosinophil-derived TGF-b1
may influence the expression of tenascin and other ECM proteins by way of the

activation of myofibroblasts.

The observed effect of anti–IL-5 on matrix protein expression may have been

mediated by the effect of the drug on IL-5 than through the reduction in

eosinophil numbers. Although IL-5 has been shown to influence contraction of

airway smooth muscle [78], IL-5 is not known to directly release growth factors

from smooth muscle or other cells that are appropriate to the remodeling changes

studied. The consistent correlation between eosinophil numbers and tenascin

thickness before and after mepolizumab therapy makes a direct action of IL-5

unlikely—at least for tenascin. It also is unlikely that the changes in ECM protein

expression can be explained by the action of anti–IL-5 on other cell types in the

bronchial mucosa. There were no significant changes in the numbers of other

cells in response to anti–IL-5. Although there was a trend toward a reduction

in basophil numbers, this finding did not correlate with changes in ECM pro-

tein expression.

Relevance to asthma pathogenesis

The relevance of the authors’ findings in terms of asthma pathophysiology is

unclear, because the effect of airways remodeling on lung function in asthma is

uncertain. Deposition of ECM proteins in the airway wall may have a mechanical

effect, amplifying the degree of narrowing associated with a given degree of

smooth muscle contraction [79]. A number of studies have reported a correlation

between the thickness of the RBM and AHR, FEV1, and other markers of asthma

severity [51,77,80,81]. The authors found no significant correlation between

baseline PC20; FEV1; and the thickness, density, and expression of tenascin,

lumican, and procollagen III. Subjects had mild asthma, and the study was not

powered to detect significant correlations in clinical variables such as FEV1 or

AHR. Although a significant reduction in the expression of tenascin, lumican,

and procollagen III was observed in the RBM, overall RBM thickness was not

measured in these biopsies, and it is possible that eosinophil depletion was not
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associated with so marked a reduction in the expression of other matrix proteins,

such as fibronectin and types I and V collagen.

Although anti–IL-5 administration significantly reduced the numbers of tissue

eosinophils in the bronchial submucosa, it did not deplete them to the same extent

as that reported previously in sputum and blood [27]. GM-CSF, IL-3, and eotaxin

are involved in eosinophil homeostasis, and there is evidence that inhibition of

these factors, in conjunction with IL-5 blockade, may be associated with more

complete eosinophil depletion from the bronchial mucosa [39,40]. Studies

showing the most marked effects of corticosteroids on RBM thickness have

tended to be of longer duration, so sustained eosinophil depletion may be re-

quired to achieve a maximal effect.

Selective reduction of eosinophils by anti–IL-5 treatment was associated with

a significant decrease in expression of ECM proteins in the airway RBM of

patients with mild asthma. This reduction was accompanied by a decrease in

TGF-b1 expression by airway eosinophils. These data provide strong evidence of

a causal association between eosinophils and markers of airway remodeling in

mild atopic asthma. Nevertheless, there is no evidence to date that anti–IL-5

affects clinically relevant outcomes in asthma. As shown in Fig. 6, the eosinophil

can damage the epithelium by way of IL-13 and basic granule proteins,

contraction of airway smooth muscle (cysteinyl leukotrienes), AHR (IL-13), and

TGF-b–mediated remodeling events.
Eosinophil

Airway Smooth Muscle
Contraction/Hyperplasia

Myofibroblast
Formation & Secretion

Epithelial
Damage/Repair

Latent TGF- β1 TGF-β1

αvβ6

ECM proteins

IL-13

IL-13

Basic granule proteins

Latents

Fig. 6. Pro-inflammatory and repair and remodeling potential of eosinophils. (Modified from Williams

TJ. The eosinophil enigma. J Clin Invest 2004;113:508; with permission.)
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Future studies

From this information, it is reasonable to conclude that anti–IL-5 monoclonal

antibodies are ineffective at depleting tissue eosinophils and that this strategy

may be fundamentally flawed. Even animal models of asthma showed residual

tissue eosinophilia in the airways after anti–IL-5 administration [18]. Foster et al

[82] reported that deletion of IL-5 and eotaxin is required to abolish tissue

eosinophilia and AHR in BALBc mice, suggesting that IL-5 blockade alone is

insufficient to abrogate the tissue eosinophilia associated with allergic inflam-

mation. Combination therapy (eg, anti–IL-5, CCR3 antagonist) may be more

useful than IL-5 blockade alone, because this treatment would have the theoretic

advantage of inhibiting bone marrow maturation (mainly an IL-5 effect) and

tissue accumulation (predominantly a CCR3-dependent effect). Another

approach would be to inhibit GATA-1, an essential transcription factor in the

eosinophil lineage [83].

Effective depletion of eosinophils from the airways of patients with chronic

severe asthma may prove to have useful clinical benefit, although long-term

treatment probably would be required. In this context, it is relevant that a

treatment strategy directed at normalization of the induced sputum eosinophil

count reduced asthma exacerbations and hospital admissions without the need for

additional anti-inflammatory treatment [84].

Anti–IL-5 is not a magic bullet treating for asthma. The eosinophil’s potential

in the asthma process cannot be overlooked until there are effective and selective

methods of depleting the cell from the tissues.
Hypereosinophilic syndrome

Hypereosinophilic syndrome (HES) is a heterogeneous group of rare disorders

that is characterized by levels of peripheral eosinophilia greater than 1500/mm3

of unknown cause and evidence of eosinophil-mediated end-organ damage

[85–87]. Although a subset of patients with HES has an underlying clonal

abnormality of the myeloid [88] or lymphocyte [89] lineages, the cause of

HES remains unknown in as many as 50% of patients (A.D. Klion, unpublished

data, 2004).

The spectrum of end-organ involvement in HES is broad, ranging from

urticaria to life-threatening endomyocardial fibrosis, and it can be difficult to

distinguish between HES and other clinical syndromes associated with marked

peripheral blood and tissue eosinophilia, including eosinophilic pneumonia and

eosinophilic gastroenteritis. Regardless of the underlying cause of the eosino-

philia, however, eosinophil activation in the tissues is believed to be responsible

for the pathology in HES, and increased levels of eosinophil granule proteins

have been demonstrated in the serum of patients with HES [90] and in biopsies of

affected tissues [91–93]. Successful therapy for HES, whether with steroids,

hydroxyurea, interferon a, or imatinib mesylate [85,94–96], has been directed at
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decreasing peripheral blood eosinophilia and preventing eosinophil infiltration

into the tissues and end-organ damage. Long-term treatment with these agents is

problematic, as many patients become progressively refractory to treatment or

develop significant drug-related side effects.

Serum levels of IL-5 are elevated in some, but not all, patients with HES (A.D.

Klion, unpublished results). Increased levels of IL-5 mRNA production by

stimulated peripheral blood mononuclear cells [97] and clonal populations of

IL-5–secreting lymphocytes [98] have been demonstrated in patients with HES

and without detectable serum IL-5. These data suggest that IL-5 may be

important in mediating the eosinophilia seen in HES, irrespective of serum IL-5

levels, and provide a compelling rationale for the treatment of patients with HES

with anti–IL-5 antibody.

The potential usefulness of anti–IL-5 therapy for HES and related eosinophil-

mediated syndromes has been confirmed in four small case series (Table 2)

[99–102]. Six patients with HES and one patient with eosinophilic esophagitis

received mepolizumab in two separate studies [99,100]. The infusion was well

tolerated in all cases, and a rapid and sustained reduction in peripheral eosinophilia

was seen after intravenous administration of a single 750-mg dose. Clinical mani-

festations, which ranged from severe steroid-resistant eosinophilic dermatitis to

multisystem involvement of the lungs, gastrointestinal tract, and skin, improved

dramatically. Biopsies obtained before and after treatment in two patients revealed

a marked decrease in eosinophil and eosinophil cationic protein (ECP) levels in

the skin [100] and reduced eosinophil numbers in the gastrointestinal tract [99].

Serum levels of IL-5, ECP, eotaxin, and thymus- and activation-regulated

chemokine were reduced after mepolizumab treatment [100], a finding that is

consistent with an effect of mepolizumab on eosinophil and T-cell activation.

Improvement in eosinophilia and clinical symptoms persisted for up to

7 weeks after treatment with a single dose of mepolizumab and was maintained at

a stable level during monthly dosing. In the study by Plftz et al [100], clinical

remission persisted after discontinuation of mepolizumab therapy in two of

three patients.

SCH55700 has been used to treat eight patients with HES or eosinophilic

gastroenteritis with eosinophilia (EGE) (Table 2) [101,102]. Two of the four

patients with HES and all of the four patients with EGE responded to a single

1-mg/kg dose of SCH55700 with a rapid and sustained reduction in eosinophilia.

Significant improvement in clinical symptoms was apparent only in two patients

with HES, despite gastrointestinal biopsies performed before and at 1 month after

SCH55700 infusion, which showed a 50% to 70% decrease in tissue eosinophilia

in three of four patients with EGE. One of the two patients with HES who did not

demonstrate clinical improvement in response to SCH55700 had a markedly

elevated baseline level of serum IL-5 (223 pg/mL) and only a brief reduction in

eosinophilia, suggesting that a higher dose may have been necessary.

A self-limited exacerbation of eosinophilia above baseline levels occurred in

all of the six responding patients (with a concomitant exacerbation of symptoms

in six of eight patients) as drug levels waned. This rebound was preceded by an



Table 2

Anti–interleukin-5 treatment of hypereosinophilic syndrome

Characteristic Plftz et al [100] Garrett et al [99] Klion et al [101] Prussin et al [102]

No. of patients 3 4 4 4

Gender (M/F) 0/3 2/2 2/2 2/2

Age (y) 60–82 18–48 32–52 38–53

Diagnosis HES with eosinophilic dermatitis HES (3 patients), EE (1 patient) HES EGE

Drug Mepolizumab Mepolizumab SCH55700 SCH55700

Dose 750 mg � 2–8 doses 750 mg � 3 doses 1–3 mg/kg � 6 doses 1 mg/kg � 6 doses

Frequency Every 3 days to monthly Monthly Monthly Monthly

Baseline eosinophil count 1118–3811 300–1500 2620–6133 819–1883

Elevated baseline serum IL-5

(no. of patients)

3/3 1/4 1/4 1/4

Presence of FIP1L1/PDGFRA mutation

(no. of patients)

0/3 0/4 2/4 0/4

Response rate (no. of patients) 3/3a 4/4 2/4b 4/4b

Abbreviation: M/F, male/female.
a A sustained response was seen in two patients after drug administration was stopped.
b Attenuation of clinical response was seen over time despite monthly dosing.
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increase in serum IL-5 levels. Although both patients with HES responded to the

reinstitution of anti–IL5 therapy (1 mg/kg/mo for five doses), the magnitude and

duration of the response decreased with each subsequent dose, despite adequate

drug levels. A similar attenuation of response was seen in the four patients with

EGE who received monthly dosing.

Despite the heterogeneity in study design and patient populations, several

conclusions can be drawn from the four case studies published to date. Anti–IL-5

therapy is safe and effective in reducing blood and tissue eosinophilia in most

patients with HES and related eosinophil-mediated diseases, even in the absence

of detectable serum IL-5 levels (see Table 2). The high response rate of these

patients with varied end-organ involvement to anti–IL-5 therapy confirms

previous data pointing to a primary role for activated eosinophils in the patho-

genesis of HES. The underlying cause of the eosinophilia does not seem to

predict response, as exemplified by the disparate outcomes of treatment in two

patients with the FIP-1-like 1/platelet-derived growth factor receptor a (FIP1L1/

PDGFRA)-positive clonal myeloproliferative variant of HES [101]. Additional

studies are needed to determine the markers of responsiveness to anti–IL-5

therapy in HES and related disorders, to define the optimal dosing regimen, and

to better understand the mechanisms of the rebound eosinophilia and attenuation

of response observed in the SCH55700 studies.
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