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Eosinophils accumulate in high numbers in the lungs of asthmatic patients. These cells have the ability to induce tissue
damage, a capacity that relates to their traditional role in host defense against parasitic worms. On the other hand,
eosinophils produce growth factors associated with tissue repair and remodeling, notably TGF-β1. The relationship of
these activities to lung dysfunction in asthma is highly controversial, but recent observations in humans and in animal
models add spice to the debate .
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be a critical factor in the development
of ataxia. Without question, their data
do suggest that reestablishing a nor-
mal DCN firing rate might have ther-
apeutic potential.
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Since the discovery of the eosinophil,
a leukocyte with a granular cyto-
plasm that stains pink with eosin
dye, the function of this cell has been
disputed; opinions on its role have
swung periodically, as it has been
characterized alternately as damag-
ing and protective. Eosinophils accu-
mulate in tissues in response to para-
sitic worm infections and, on activation,
release cationic proteins from their
granules and reactive oxygen species
that are toxic to worms. Allergy may
be an aberration of this defense process
whereby otherwise innocuous agents
in the environment stimulate an

adaptive immune response, charac-
teristically driven by Th2 lympho-
cytes, resulting in the recruitment
and activation of eosinophils that
induce tissue damage. Eosinophils
also release leukotrienes that induce
smooth muscle contraction and
microvascular leakage. IL-5, pro-
duced by Th2 lymphocytes, is criti-
cally important in this process, as it
mediates the terminal differentiation
and proliferation of eosinophils in
the bone marrow and their release
into the blood. IL-5 also primes
eosinophils, for example, to facilitate
eosinophil recruitment into tissues
mediated by chemokines such as
eotaxins, and IL-5 also prolongs
eosinophil survival.

The key role of IL-5 in eosinophil
production and function has made
this cytokine a prime therapeutic tar-
get. This has been reinforced by
results in animal models of asthma
showing that deletion of the IL-5
gene (1) or the use of IL-5–neutraliz-
ing antibodies (2) is able to suppress
eosinophil recruitment to the lung

and, in many but not all cases (3),
inhibit hyper-responsiveness of the
airways to agents that induce bron-
choconstriction, a characteristic fea-
ture of allergic asthma. Double eotax-
in-1/IL-5 gene–deleted mice exhibited
a greater suppression of eosinophil
recruitment to the lung and the abo-
lition of airway hyper-responsiveness
associated, interestingly, with reduced
IL-13 production (4).

Animal studies, particularly those
in allergic cynomolgus monkeys
showing long-term inhibition of lung
eosinophilia and airway hyper-
responsiveness by a single dose of an
anti–IL-5 antibody (5), encouraged
the initiation of clinical trials in
which antibody was administered to
mild atopic asthmatics (6) and chron-
ic severe asthmatics (7). These studies
showed no consistent effects on lung
function tests, despite a marked sup-
pression of blood eosinophils. From
the results of these studies, some con-
cluded that eosinophils are not
causally related to lung dysfunction,
although the results are contentious,
particularly because of the small size
of the trials and their technical limi-
tations (8, 9). Furthermore, a follow-
up study of bronchial biopsies from
antibody-treated patients showed
that despite marked depletion of
blood and sputum eosinophils, air-
way tissue eosinophils were only
depleted by 55% (10), suggesting that
the residual cells could be important
in lung dysfunction.

The eosinophil in tissue remodeling
The finding that eosinophils are able
to produce growth factors directed
attention to the potential role of these
cells in the resolution of inflammation
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and tissue repair. Tissue eosinophilia is
a characteristic feature of several fibrot-
ic diseases, and these cells are implicat-
ed in the remodeling that occurs in
allergic asthma. Remodeling manifests
itself in the airway wall as an increased
deposition of extracellular matrix pro-
teins in the reticular basement mem-
brane and bronchial submucosa, an
increase in smooth muscle mass, gob-
let cell hyperplasia, and angiogenesis.
Eosinophils are capable of producing
TGF-α, TGF-β1, and VEGF, as well as a
range of cytokines, including IL-13.

Evidence from animal models sup-
ports the view that eosinophils have an
important role in tissue remodeling.
An antibody to IL-5 (11) and IL-5 gene
deletion (12) have been shown to sup-
press lung eosinophilia and compo-
nents of lung remodeling in murine
models of allergic asthma. In this issue
of the JCI, the study by Cho et al. (13)
investigates the relationship between
eosinophils and tissue remodeling in
detail. They show in a chronic repeti-
tive allergen challenge model that IL-5
gene deletion suppresses lung eosin-
ophilia and tissue remodeling in par-
allel. Specifically, IL-5–deficient mice
exhibited reduced eosinophil numbers
in bronchoalveolar lavage fluid (BALF)

and in peribronchial tissue. This was
associated with decreased TGF-β1 con-
tent of lung tissue with evidence that
eosinophils were the major source of
the growth factor. Interestingly, the
epithelial cell expression of αvβ6, the
integrin that is upregulated in
response to tissue injury and activates
latent TGF-β1 (14, 15), was also sup-
pressed. Allergen-induced increase in
peribronchial fibrosis, as measured by
trichrome staining, collagen III and
collagen V immunostaining, and total
lung collagen content, was reduced
in IL-5–deficient animals. Peri-
bronchial smooth muscle thickness
and epithelial mucus expression were
also reduced.

These results echo observations made
in humans. It has been shown that
eosinophil-derived TGF-β1 is associated
with the transformation of fibroblasts
to myofibroblasts and the expression by
these cells of tenascin and procollagen I
in allergic responses in human skin (16)
(Figure 1). Furthermore, treatment of
asthmatic patients with an antibody to
IL-5 suppressed bronchial eosinophilia,
the proportion of eosinophils express-
ing TGF-β1, and the levels of TGF-β1 in
BALF (17). The expression of tenascin,
lumican, and procollagen III in bron-

chial mucosal reticular basement mem-
brane was also reduced (17).

The eosinophil as a therapeutic
target
All these observations suggest that the
eosinophil, despite its checkered histo-
ry, does make an important contribu-
tion to the pathology of allergic asth-
ma. The effect of IL-5 neutralization or
gene deletion on lung function varies
between animal models (perhaps indi-
cating different underlying mecha-
nisms depending on experimental
protocol), and such an effect using
antibodies to IL-5 in humans has yet to
be convincingly demonstrated. It may
be that prolonged treatment targeted
toward eosinophils may have an impact
on symptoms as a consequence of sup-
pression of alternating cycles of tissue
damage and repair. If so, this will pres-
ent a challenge in the design of appro-
priate clinical trials and prompt a re-
evaluation of biomarkers. An early
study in guinea pigs showed that an
antibody to IL-5 effectively suppressed
allergen-induced BALF eosinophilia to
low levels without affecting hyper-
responsiveness, whereas higher anti-
body doses blocked hyper-responsive-
ness (18). This may relate to the recent
clinical observations of residual eosino-
phils in lung tissue, or it may indicate
actions of IL-5 that are independent of
eosinophils. Either way, the doses of
antibody used in published clinical tri-
als may not have been high enough to
demonstrate effects on lung function.

The studies discussed here may
revive interest in other means of pre-
venting eosinophil recruitment, par-
ticularly using chemokine receptor 3
antagonists. Combinations aimed at
chemokines and IL-5 are attractive,
but present considerable difficulties in
testing and development.

Thus, the eosinophil appears to have
the capacity to both injure and repair
tissues, presumably related to its per-
ceived traditional role in host defense.
Knowledge of the underlying mecha-
nisms may yet lead to therapy for aller-
gic diseases, despite early setbacks.
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Figure 1
Role of eosinophil-derived TGF-β1 in lung remodeling. Eosinophils in the asthmatic lung
release latent TGF-β1. Latent TGF-β1 (latTGF-β1) is activated by αvβ6 expressed on airway
epithelial cells. TGF-β1 mediates airway remodeling by inducing the formation of myofi-
broblasts that secrete extracellular matrix proteins, and the growth factor also stimulates air-
way smooth muscle hyperplasia.
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HDL action on the vascular wall: 
is the answer NO?
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Circulating levels of HDL cholesterol are inversely related to the risk of
atherosclerosis, and therapeutic increases in HDL reduce the incidence
of cardiovascular events. A new study (see the related article beginning
on page 569) shows that HDL-associated lysophospholipids stimulate
the production of the potent antiatherogenic signaling molecule NO by
the vascular endothelium.
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The risk of cardiovascular disease
from atherosclerosis is inversely pro-
portional to serum levels of HDL and
the major HDL apolipoprotein apoAI
(1). In fact, low HDL levels predict an
increased risk of coronary artery dis-
ease independently of LDL levels, and
60–70% of major cardiovascular

events cannot be prevented with cur-
rent approaches focused on LDL,
such as statin therapy (2). In addition,
low HDL levels are particularly com-
mon in males with early-onset ather-
osclerosis (3). Based on these obser-
vations, prevention trials have been
performed with agents such as niacin
and fibrates, which raise HDL, and
they indicate that modest increases in
HDL independently yield a signifi-
cant reduction in cardiovascular
events (4–6). Thus, there is com-
pelling evidence that HDL is not sole-
ly a marker of lower risk of cardiovas-
cular disease but instead is a mediator
of vascular health.

Up until recently the protective fea-
tures of HDL had been attributed pri-
marily to its classical function of
removing cholesterol from peripheral

tissues and transferring it to the liver in
a process known as reverse cholesterol
transport (RCT). The delivery of cho-
lesteryl ester from HDL to cells such as
hepatocytes entails apoAI–mediated
HDL cell surface interaction with
scavenger receptor class B, member I
(SR-BI), to which HDL binds with high
affinity (7). Despite detailed under-
standing of HDL and RCT, the mecha-
nisms by which HDL and apoAI are
atheroprotective remain complex and
not fully understood (8). This is partic-
ularly apparent when one considers
evidence that circulating levels of HDL
and apoAI do not regulate RCT (9, 10),
and that individuals with homozygous
deficiency in the plasma cholesteryl
ester transferase protein, which en-
hances HDL cholesterol delivery to the
liver, have decreased risk of coronary
artery disease (11).

Our basic understanding of the role of
HDL in vascular biology has entered a
new era in the past few years as direct
modes of action of HDL on vascular
cells have been elucidated. In particular,
it has been demonstrated that HDL
causes potent stimulation of eNOS
activity through binding to SR-BI,
which is expressed in endothelium (12,
13). Similarly, HDL enhances endothe-
lium- and NO-dependent relaxation in
aortas from wild-type but not SR-BI–
knockout mice (12). The HDL-induced
increase in NO production may be crit-
ical to the atheroprotective features of
HDL, as diminished bioavailablity of
NO has a key role in the early pathogen-
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