
Eosinophils have been suggested to be part of the pathologic
process that characterizes asthma, and their recruitment into
the upper or lower airways appears to be essential for the clin-
ical manifestations of allergen inhalation. IL-5 is a cytokine
necessary for the development, differentiation, recruitment,
activation, and survival of eosinophils. Allergen inhalation
increases the production of IL-5 in the airways as measured in
bronchoalveolar lavage cells and induced sputum. The rela-
tionship between IL-5 and the development of airway
eosinophilia has been firmly established in IL-5 transgenic
mice, with allergen challenge models in IL-5–deficient mice,
and in mice treated with blocking anti–IL-5 antibodies. In
addition, an accumulation of evidence suggests that treating
mice with anti–IL-5 blocking antibodies prevents allergen-
induced airway hyperresponsiveness. A recently reported
study examined the effects of treatment with a humanized
anti–IL-5 mAb (SB-240563) on allergen-induced airway
responses and inflammation in atopic subjects. The authors of
the study concluded that their results call into question the
role of eosinophils in mediating the allergen-induced late asth-
matic response and airway hyperresponsiveness; however,
because of methodologic limitations, the study cannot be used
either to support or to refute the concept of an important role
for eosinophils in causing allergen-induced changes in airway
function. (J Allergy Clin Immunol 2001;108:503-8.)
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For more than 80 years, eosinophils have been sug-
gested to be part of the pathologic process that character-
izes asthma.1 In that time, much work has been under-
taken in an effort to understand the precise role that
eosinophils, as well as the mediators of inflammation and
tissue damage and repair that eosinophils produce, play
in asthma pathogenesis. Indeed, the association of airway
eosinophilic inflammation and symptomatic asthma is so
strong that one prominent asthma researcher has suggest-
ed that asthma should be renamed “eosinophilic bronchi-

tis” to highlight the central role that eosinophils play in
its pathogenesis.2

Since the identification of IL-5 in the 1980s,3 it has
become increasingly clear that in contrast to other
cytokines thought to be involved in allergic inflamma-
tion, such as GM-CSF and IL-3, the biological activity of
IL-5 is very specifically focused on the development,4

differentiation,5 recruitment,6 activation,7 and survival8

of a single cell type, the eosinophil. This has stimulated
great interest, inasmuch as increased eosinophil produc-
tion and recruitment into the upper or lower airways
appears to be essential for the clinical manifestations of
allergen inhalation at these sites. The specificity of IL-5
has also raised the possibility that blocking its activity at
its receptor or at a transcriptional level might be a useful
therapy for allergic diseases.9

ALLERGEN INHALATION AS A CLINICAL

MODEL

Allergen inhalation challenge has been a well-charac-
terized clinical model by which to study the pathophysiol-
ogy of allergen-induced effects on the upper and lower air-
ways. Allergen inhalation into the lower airways by
allergic subjects results in the development of acute bron-
choconstriction, which is mediated mainly by cysteinyl
leukotriene and histamine release10 (the early response),
and the development, in more than half of subjects, of late
bronchoconstrictor responses beginning 2 to 4 hours after
inhalation and able to persist for more than 24 hours.11

These bronchoconstrictor responses are again mediated
mainly by cysteinyl leukotriene and histamine,10 likely
released from inflammatory cells newly recruited into the
airways. The cells recruited at the time of the late response
are mainly eosinophils12 and basophils.13 With respect to
the time course of their recruitment, these inflammatory
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cells are different. Basophils appear to be maximal at 7
hours (the earliest time point evaluated) after inhaled aller-
gen and are decreased by 24 hours,13 whereas eosinophils
are maximal at 24 hours and take up to 1 week to return to
baseline values.12 The increases in eosinophils are tempo-
rally associated with the persistence of allergen-induced
airway hyperresponsiveness (AHR).12

Allergen inhalation increases the production of IL-5 in
the airways as measured in bronchoalveolar lavage
cells14 and induced sputum.15 Interestingly, eosinophils
are one of the cell types responsible for this increase.14

Furthermore, allergen inhalation increases the number of
peripheral blood eosinophils and lymphocytes containing
intracellular IL-5.16 The relatively high numbers of lym-
phocytes positive for IL-5 suggest that IL-5 is contained
not only in CD4+ TH2 cells but also in other lympho-
cytes, including CD8+ and CD4–CD8– cells.

IL-5 also plays a critical role in eosinophilopoiesis in
the bone marrow (Fig 1). Eosinophil/basophil colony-
forming units (Eo/B-CFUs) and other bone marrow pro-
genitors express the cell surface marker CD34. An impor-
tant aspect of allergic inflammatory responses is the
induction of increases in inflammatory cell progenitors,
which contribute to disease through the continued pro-
duction of inflammatory effector cells. Higher numbers of

both circulating Eo/B-CFUs and CD34+ hemopoietic
progenitor cells are demonstrable in the blood of atopic
subjects but not in the blood of normal subjects.17 In addi-
tion, the number of Eo/B-CFUs in the circulation of an
asthmatic subject at the time of an acute exacerbation is
significantly higher than the number after resolution of
the exacerbation.18 Studies in atopic subjects have shown
that there are fluctuating numbers of circulating Eo/B-
CFUs during seasonal exposure to allergen19 and signifi-
cantly higher numbers 24 hours after allergen inhala-
tion.20 Increases in bone marrow Eo/B-CFUs have also
been demonstrated in allergic asthmatic subjects after
allergen inhalation21; in this study, subjects who devel-
oped dual asthmatic responses and had significantly
greater numbers of eosinophils in the airways had signif-
icantly greater numbers of bone marrow Eo/B-CFUs
when the cells were incubated with a suboptimal concen-
tration of IL-5 than subjects with isolated early asthmatic
responses with fewer airway eosinophils. This indicates
that after allergen challenge, the bone marrow of the dual
responders is more responsive to IL-5, which might
reflect either a specific induction of a population of more
committed eosinophil/basophil progenitors or an upregu-
lation of the IL-5 receptor on the surface of these cells.
Sehmi et al22 demonstrated an increase in the proportion

FIG 1. Schematic representation of the possible role of IL-5 in causing airway eosinophilia in asthma.
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of CD34+ cells expressing the α subunit of the IL-5 recep-
tor after allergen challenge in dual but not isolated early
responders. These results suggest that the responsiveness
of the bone marrow to IL-5 after allergen challenge is a
determinant of the magnitude of the eosinophilic respons-
es to inhaled allergen and that this is related to the degree
of the subsequent physiologic abnormalities.

STUDIES IN ANIMAL MODELS

The relationship between IL-5 and the development of
airway eosinophilia has been firmly established both in IL-
5 transgenic mice23,24 and with allergen challenge models
in IL-5–deficient (IL-5KO) mice,25 as well as in mice
treated with blocking anti–IL-5 antibodies.26 However, the
role of IL-5 and/or the resulting eosinophilia in the devel-
opment of physiologic abnormalities in mouse models of
allergen-induced hyperresponsiveness has been much
more difficult to elucidate. Early results suggesting that
AHR was prevented in IL-5KO mice24 but not in mice
treated with anti–IL-5 antibody26 were conflicting. Further
studies suggested that treatment with anti–IL-5, though it
was effective at reducing eosinophilia, was not sufficient
to prevent AHR.27,28 Instead, the investigators were able to
prevent AHR by knocking out T cells28 or treating mice
with a blocking anti-DC4+ antibody,27 suggesting that a
non–IL-5, T-cell derived mediator was responsible for
allergen-induced AHR. Further support for this line of rea-
soning came from studies in which blocking IL-13 was
able to prevent allergen-induced AHR with little29 or no30

effect on the eosinophil response. Separation between
allergen-induced eosinophilia and AHR was also demon-
strated when AHR was induced without eosinophilia in
mice exposed to low concentrations of inhaled house dust
mite.31 However, there has continued to be an accumula-
tion of studies indicating that treating mice with anti–IL-5
blocking antibodies is sufficient to prevent allergen-
induced AHR.32-34 This line of evidence is supported by
studies demonstrating AHR in transgenic mice with over-
production of IL-5 in the airway.24

Possible reasons for the discrepancies between these
findings include differences in the mouse strain used, the
dose of allergen used (and its delivery route), the method
used to measure AHR, and the timing of the drug admin-
istration. However, different results cannot always be
explained in terms of differences between laboratories.
Treatment with the same anti–IL-5 blocking antibody
was shown to prevent allergen-induced AHR in one study
of wild type BALB/c mice33 but not in another study of
IL-4KO BALB/c mice35 in which the same allergen chal-
lenge model and measurement techniques were used by
the same investigators in the same laboratory. These
examples are not intended to reflect a criticism of the
methods used in any of the laboratories; rather, they are
cited to illustrate the difficulty of trying to logically syn-
thesize all of the available information. It seems likely
that the extent of differences in protocol/mouse
strain/measurement techniques/housing conditions intro-
duced too many degrees of freedom to make such a syn-

thesis possible. Interestingly, in a recent study from
Tournoy et al,36 treatment with anti–IL-5 antibody was
able to prevent house dust mite–induced AHR in lym-
phocyte-deficient mice that had received T cells from
human donors These studies of allergic airway inflam-
mation in animal models suggest a central role for IL-5
in the increased production of eosinophils after allergen
inhalation and perhaps also in their prolonged survival in
the airways. No other important biological role has been
identified thus far for IL-5, and the information collected
about a possible role for IL-5 in allergic asthma has pro-
vided a strong rationale for studies in which the activity
of IL-5 has been blocked and the degree of allergen-
induced eosinophilic airway inflammation and associat-
ed physiological changes have been evaluated in human
subjects to determine how important this cytokine is in
causing allergic disease.

EFFECTS OF ANTI–IL-5 ON HUMAN

ALLERGEN-INDUCED RESPONSES

In a study that has recently been reported, investigators
examined the effects of treatment with a humanized
anti–IL-5 monoclonal antibody (hmAb; SB-240563) on
allergen-induced airway responses and inflammation in
atopic subjects.37 In this double-blinded, placebo-
controlled, parallel-group, randomized investigation,
Leckie et al37 treated mildly allergic asthmatic subjects
with 1 of 2 doses of anti–IL-5 (2.5 or 10 mg/kg, given as
a single intravenous infusion) or with placebo. Twenty-
four subjects were treated (8 in each of the treatment
arms), and the study was conducted in 3 centers (2 in the
United Kingdom and 1 in The Netherlands). The effects of
treatment were examined on blood and airway eosinophils
(measured in induced sputum) and on the responses to
inhaled allergen challenge administered at 1 week and 4
weeks after the treatment. The study demonstrated that
treatment with the anti–IL-5 mAb significantly reduced
blood eosinophils and sputum eosinophils for at least 4
weeks but did not have any significant effect on allergen-
induced late responses or histamine airway responsive-
ness, as measured either before or after inhaled allergen
(Fig 2). The authors concluded that their findings “ques-
tion the role of eosinophils in mediating the late asthmatic
response and causing airway hyperresponsiveness”.37

A closer examination of the results presented in the
paper, however, make these conclusions difficult to sup-
port. Treatment with the antibody clearly reduced blood
and airway eosinophil numbers, thereby demonstrating
the activity of the antibody and confirming a central role
for IL-5 in the development of blood and airway
eosinophilia after allergen inhalation in individuals with
mild asthma. In contrast, the lack of effect of the treat-
ment on the allergen-induced changes in airway function
are not supported by the results described in the paper.
There are 3 reasons for this:

1. The investigators did not demonstrate any obvious
effect of allergen inhalation on histamine airway
responsiveness on 2 of the 3 occasions when this was
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measured at baseline in the treatment arms. The
reported mean values for the provocative concentra-
tion of histamine causing a 20% fall in FEV1 (PC20)
were 0.9 mg/mL before and 0.7 mg/mL the day after
allergen in the placebo group, 1.8 mg/mL before and
2.1 mg/mL the day after allergen in the low-dose
group, and 1.8 mg/mL before and 0.8 mg/mL the day
after allergen in the high-dose group (Fig 2). In addi-
tion, the subjects did not develop any obvious aller-
gen-induced AHR on 1 of the 2 occasions when this
was measured during placebo treatment. The inabili-
ty to demonstrate significant changes in allergen-
induced AHR during the baseline period or during
placebo treatment makes interpretation of the effects
of active treatment on AHR impossible.

2. The main reason for measuring histamine airway
responsiveness both before and 1 day after inhaled
allergen is to compare the placebo and active treat-
ments with respect to the allergen-induced change in
airway responsiveness. This has been the standard
approach in evaluating the effects of treatment, par-
ticularly in studies such as this, in which the baseline
values varied both within and between each treat-
ment group by more than the allergen-induced
expected change in airway responsiveness (usually a
mean doubling dose decrease in PC20).38-41 This sta-
tistical approach was not taken in the study in ques-
tion; instead, the postallergen PC20 values were com-
pared between groups, the preallergen baseline being
ignored. Indeed, if the usual approach had been
taken, it would appear that the high-dose treatment
was effective in preventing allergen-induced AHR on

day 29, when the change in histamine PC20 during
placebo treatment was from 1.4 to 0.7 mg/mL and
the change during active treatment was from 0.8 to
0.7 mg/mL. Unfortunately, even if a formal statistical
analysis were done in this way, the sample size
would still be inadequate to have the study adequate-
ly powered for this outcome.41

3. The study was too underpowered to instill confidence
with regard to the lack of effect of treatment on the
physiologic outcomes. The sample size of 8 in each
group was defended by the investigators with a quo-
tation from a publication from our laboratory,42 in
which the reproducibility of the late response was
used to construct power curves, designed to ensure
that studies such as this are adequately powered. All
of the information used in these calculations was
derived from randomized crossover studies, in which
subjects were used as their own controls. When this
design is used, a sample size of 8 subjects is adequate
to have a power of >80% in detecting that an inter-
vention has decreased the magnitude of the late
response by 50%. However, these calculations cannot
be used to estimate power in a study in which subjects
are not being used as their own controls. Unfortunate-
ly, a measure of variance (SD or SE) of the late
response was not provided in the paper by Leckie et
al, so the actual power cannot be calculated. We have
also published 2 analyses regarding the sample size
requirements for demonstration of treatment effects
on allergen-induced eosinophilia and increased air-
way responsiveness.41,43 Although both of these
reports dealt with crossover designs, reexamination

FIG 2. Effect of treatment with placebo or 2 doses of monoclonal antibody to IL-5 on blood and sputum
eosinophils and histamine PC20 before and 1 day after allergen inhalation. BI, Before inhalation. (Developed
from data presented in: Leckie MJ, ten Brinke A, Khan J, Diamant Z, O’Connor BJ, Walls CM, et al. Effects
of an interleukin-5 blocking monoclonal antibody on eosinophils, airway hyper-responsiveness, and the
late asthmatic response. Lancet 2000;356:2144-8.)
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of the data reveals that the sample size requirement
for demonstrating a 50% attenuation of both of these
outcomes with >80% power through use of a paral-
lel-group design is 18 subjects in each treatment arm.

These issues illustrate the limitations of the study and
of the conclusions that can be drawn from its results.
Although we recognize (1) the complex interplay of var-
ious pathologic processes in asthma, (2) the possibility
that airflow limitation, AHR, and airway inflammation
represent different dimensions of the syndrome,44 and (3)
the limited ability of baseline airway eosinophilia to pre-
dict the bronchoconstrictor responses to inhaled aller-
gen,45 the study by Leckie et al37 cannot be used either to
support or to refute the concept of an important role for
eosinophils in causing allergen-induced changes in air-
way function. Neither can the study argue against a role
for cytokine-targeted therapy for asthma. These results
have been interpreted by some commentators as definite
proof that eosinophils are not directly involved in the
pathogenesis of allergic asthma. This might be true, but
given that the regulation of eosinophil production in the
marrow, the circulation in peripheral blood, and the hom-
ing of these cells into the airway tissue (and their even-
tual spillover into the lumen) depend on a number of
cytokines, chemokines, costimulatory molecules, and
adhesion molecules, the appropriate study for reaching
this conclusion has not yet been conducted. It is clear that
a crossover study with an anti–IL-5 would be extremely
difficult to undertake because of the very prolonged
effect of the antibody on eosinophils; however, a parallel-
group study would need approximately 20 subjects in
each of the treatment groups before a definitive answer
could be reached.

CONCLUSIONS

IL-5 is a pivotal mediator in the production and devel-
opment of eosinophils. The weight of the evidence sug-
gests that blocking IL-5 in sensitized mice prevents not
only allergen-induced airway eosinophilia but also aller-
gen-induced AHR. A study in allergic asthmatic subjects
with a hmAb directed against IL-5 has confirmed that
blocking IL-5 markedly reduces blood and airway
eosinophils and that this effect is long-lasting. However,
the study was not appropriately designed to evaluate the
efficacy of the hmAb against allergen-induced airway
responses.

The hmAb is a very exciting tool that will probably
allow clarification of the role of airway eosinophils in
asthma pathogenesis—when it is used with an appropri-
ate study design.
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