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Background: IL-13 induces several characteristic features of
asthma, including airway eosinophilia, airway hyperrespon-
siveness, and mucus overproduction; however, the mechanisms
involved are largely unknown.
Objective: We hypothesized that IL-13–induced inflammatory
changes in the lung were dependent in part on IL-5 and eotax-
in, two eosinophil-selective cytokines.
Methods: Recombinant murine IL-13 was repeatedly adminis-
tered to the lung by intranasal delivery until the characteristic
features of asthma developed. To analyze the role of IL-5 and
eotaxin, we subjected eotaxin gene–targeted, IL-5 gene–targeted,
eotaxin/IL-5–double-deficient, IL-5 transgenic, and wild-type
mice of the Balb/C background to the experimental regime.
Results: The induction of IL-13–mediated airway eosinophilia
was found to occur independently of eosinophilia in the blood
or bone marrow, indicating that IL-13–induced airway inflam-
mation is primarily mediated by local effects of IL-13 in the
lung. Eosinophil recruitment into both the lung tissue and
bronchoalveolar lavage fluid was markedly attenuated in IL-
5–deficient mice in comparison with wild-type controls. Accord-
ingly, IL-13 delivery to IL-5 transgenic mice resulted in a large
increase in airway eosinophils in comparison with wild-type
mice. Interestingly, IL-13–induced eosinophilia in the bron-
choalveolar lavage fluid of eotaxin-deficient mice was not
impaired; however, these same mice failed to mount a signifi-
cant tissue eosinophilia in response to IL-13. Finally, IL-
13–induced mucus production was not affected by the presence
of IL-5 or eotaxin, suggesting that IL-13–induced mucus secre-
tion is mechanistically dissociated from airway eosinophilia.
Conclusion: Selective components of the IL-13–induced asth-
ma phenotype—airway eosinophilia but not mucus secretion—
are differentially regulated by IL-5 and eotaxin. IL-5 is

required for IL-13 to induce eosinophilia throughout the lung,
whereas eotaxin regulates the distribution of airway
eosinophils. (J Allergy Clin Immunol 2001;108:594-601.)
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Eosinophil recruitment into inflammatory sites is a
complex process regulated by a number of cytokines,
including IL-3, GM-CSF, IL-6, IL-9, chemokines (eg,
RANTES and eotaxin), and TH2 cell products (eg, IL-4,
IL-5, and IL-13).1-3 IL-13 appears to be particularly
important, because it is produced in high quantities by
TH2 cells and regulates multiple features of asthma (IgE
production, mucus overproduction, eosinophil recruit-
ment and survival, airway hyperreactivity, and the expres-
sion of CD23, adhesion molecules, and chemokines [eg,
eotaxin]).4 Dysregulation of IL-13 has been reported in a
variety of allergic conditions, including asthma,5 atopic
dermatitis,6-8 and allergic rhinitis.9-11 Overexpression of
IL-13 by pharmacologic administration or transgenic
approaches induces multiple features of asthma, including
eosinophilia, mucus overproduction, and airway hyperre-
sponsiveness.12,13 Importantly, neutralization of IL-13
activity by treatment with the soluble form of the IL-13
receptor α 2 chain (IL-13Rα2) reverses many of the char-
acteristic features of experimental asthma.14,15

Of the cytokines implicated in modulating leukocyte
recruitment in response to IL-13, only IL-5 and eotaxin
selectively regulate eosinophil trafficking.16 IL-5 regu-
lates growth, differentiation, activation, and survival of
eosinophils and has been shown to provide an essential
signal for the expansion and mobilization of eosinophils
from the bone marrow into the lung after allergen expo-
sure.17,18 Eotaxin, an eosinophil-selective CC chemokine
produced primarily by respiratory epithelial cells in the
lungs, is induced by allergen challenge in experimental
asthma in human beings and rodents and has been impli-
cated in regulating eosinophil tissue recruitment.16,19

Through the use of experimental models of antigen-
induced airway inflammation, eotaxin has been demon-
strated to partially regulate eosinophil recruitment during
the late-phase response after repetitive mucosal antigen
challenges.20,21 Evidence has mounted indicating that
eotaxin cooperates with IL-5 to regulate antigen-driven
airway eosinophil recruitment.17,18,22,23 In particular, IL-
5 primes eosinophils to respond to eotaxin in vitro, and
eotaxin’s activity in vivo is enhanced by the presence of
elevated levels of IL-5. Taken together, these data support
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an essential role for IL-5 and eotaxin in regulating anti-
gen-driven eosinophil recruitment into the lung.

The mechanism by which IL-13 induces airway
eosinophilia has not been determined. It has been pro-
posed that the effect of IL-13 might be chemokine-
dependent, inasmuch as IL-13 is a potent inducer of
eosinophil-active chemokines, including eotaxin and
RANTES.13 However, IL-13 also directly stimulates
eosinophil activation, chemoattraction, and survival in
vitro.24-26 These findings suggest that IL-13 might be
capable of inducing airway eosinophilia independently
of IL-5. However, the specific role of individual
chemokines and IL-5 has not been examined. To provide
insight into the mechanisms that regulate the recruitment
of eosinophils into the lung in association with IL-13
overexpression in asthma, we have established an exper-
imental model that uses IL-13 to induce features of asth-
ma. This model allows us to test the hypothesis that IL-
13–induced responses in the airway (eg, eosinophilia and
mucus production) are dependent on the eosinophil-
specific cytokines IL-5 and eotaxin. Our data establish
that exposure to intranasal IL-13 promotes eosinophil
infiltration into the lung by a mechanism that is coregu-
lated by IL-5 and eotaxin and dissociates mucus produc-
tion from eosinophil recruitment.

MATERIALS AND METHODS

Mice

Eight- to 12-week-old male and female IL-5 gene–targeted, IL-
5 transgenic, eotaxin-deficient, eotaxin/IL-5–double-deficient, and
wild-type mice (Taconic Farms, Germantown, Pa) of the Balb/c
background were generated and maintained under specific
pathogen-free conditions, as described previously.20,27

IL-13–induced airway responses

A mouse model of allergic lung disease was established by mod-
ifying previously described protocols.28,29 Mice were lightly anes-
thetized by metofane inhalation (methoxy-fluorane; Pittman-Moore,
Mundelein, Ill) and held in the supine position; 50 µL normal saline
solution or 10 µg of recombinant murine IL-13 (generated in an
HEK cell line [a generous gift of Dr Debra Donaldson, Genetics
Institute, Cambridge, Mass]) was applied to the nares of each animal
through use of a micropipette. After instillation, the mouse was held
upright until alert. We have determined that with this procedure,
approximately 70% of the solution is aspirated into the lung and 30%
is administered to the gastrointestinal tract.30 Mice were killed from
16 to 20 hours after the daily intranasal challenges. 

Bronchoalveolar lavage fluid collection and

analysis 

The mice were euthanized by CO2 inhalation. Immediately
thereafter, a midline neck incision was made and the trachea was
cannulated. The lungs were lavaged 3 times with 1.0 mL PBS con-
taining 1% FCS and 0.5 mmol/L EDTA. The recovered bron-
choalveolar lavage fluid (BALF) was centrifuged at 400g for 5 min-

utes at 4°C and resuspended in 200 µL PBS containing 1% FCS and
0.5 mol/L EDTA. Lysis of red blood cells was carried out through
use of RBC lysis buffer (Sigma, St Louis, Mo), according to the
manufacturer’s recommendations. Total cell numbers were counted
with a hemacytometer. Cytospin preparations of 5 × 104 cells were
stained with Giemsa-Diff-Quick (Dade Diagnostics of PR, Inc,
Aguada, Puerto Rico), and differential cell counts were determined.

Peripheral blood collection and analysis 

Peripheral blood samples were collected in heparinized tubes
(Becton Dickinson, Franklin Lakes, NJ) by collecting pooled blood
from the inguinal artery of anesthetized IL-13–treated or saline
solution–treated mice. Blood smears were stained with Giemsa-
Diff-Quick, and differential cell counts were performed. In addition,
eosinophil levels were directly determined with Dicombe’s stain.31

Bone marrow collection and analysis 

The bone marrow from 1 femur was isolated by flushing 5.0 mL
PBS, 1% FCS, and 0.5 mmol/L EDTA with a 23-gauge needle. The
recovered bone marrow was centrifuged at 400g for 5 minutes at 4°C
and resuspended in 1.0 mL PBS containing 1% FCS and 0.5 mmol/L
EDTA. Lysis of red blood cells was carried out through use of RBC
lysis buffer according to the manufacturer’s recommendations. Total
cell numbers were counted with a hemacytometer. Cytospin prepa-
rations of 5 × 104 cells were stained with Giemsa-Diff-Quick com-
bination, and differential cell counts were performed.

Mucus production analysis

Lung tissue samples were fixed with 4% paraformaldehyde in
phosphate buffer (pH 7.4), embedded in paraffin, cut into 5-µm sec-
tions, and fixed to positively charge slides. Periodic-acid Schiff
reaction staining (Poly Scientific R&D Corp, Bay Shore, NY) was
then performed on the tissue sections, according to the manufactur-
er’s recommendations. A 1.0 × 1.0-cm ocular grid was used to quan-
tify the percentage of pulmonary epithelium that was producing
mucus. Specifically, 300 to 500 linear gradations (representing 5
mm of epithelium) were counted from a random selection of medi-
um-sized airways. Each result is expressed as the percentage of
epithelium positive for the mucus stain.

Eosinophil staining in tissue

Lung tissue samples were fixed with 4% paraformaldehyde in
phosphate buffer (pH 7.4), embedded in paraffin, cut into 5-µm sec-
tions, and fixed to positively charged slides. Eosinophils in the tissue
were differentially stained through use of an antiserum against
murine major basic protein (MBP), as described previously.32 In
brief, tissue endogenous peroxidase was quenched with 0.3% hydro-
gen peroxide in methanol; this was followed by nonspecific protein
blocking with normal goat serum. Tissue sections were then incubat-
ed with rabbit antimurine MBP antibody (1:16,000; a kind gift of J.
Lee, Mayo Clinic, Scottsdale, Ariz) overnight at 4°C; this was fol-
lowed by 1:200 dilution of biotinylated goat antirabbit IgG secondary
antibody and avidin-peroxidase complex (Vector Laboratories,
Burlingame, Calif) for 30 minutes each. The slides were further treat-
ed with nickel diaminobenzidine/cobalt chloride solution (to form a
black precipitate) and counterstained with nuclear fast red. Quantifi-
cation of immunoreactive cells was performed by morphometric
analysis through use of the Metamorph Imaging System (Universal
Imaging Corporation, West Chester, Pa), as described previously.33

The lung sections were taken from the same lobe in each mouse, and
at least 3 to 4 random sections per mouse were analyzed. Through the
use of digital image capture, tissue regions associated with medium-
sized bronchioles were quantified for the total MBP-positive cell
numbers relative to the total tissue area. Calculated eosinophil levels
are expressed in terms of cells per square millimeter.

Abbreviations used
BALF: Bronchoalveolar lavage fluid
MBP: Major basic protein
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Statistical analysis

Data are expressed as means ± SDs. The statistical significance
when sets of mice were compared was determined through use of
the Student t test.

RESULTS

Development of IL-13–induced pulmonary

inflammation

To examine the mechanism of IL-13–induced airway
eosinophilia, it was necessary first to establish the condi-
tions for IL-13 induction of airway inflammation. Initial-
ly, eosinophil infiltration into BALF was measured as an
indicator for the induction of airway inflammation. Ten
micrograms of IL-13 or saline solution was intranasally

administered daily to lightly anesthetized wild-type
Balb/C mice for 3, 4, 6, 8, and 10 days. BALF, bone mar-
row, and peripheral blood cell counts were analyzed 16 to
20 hours after each dose. Although the total number of
cells in BALF also increased (Fig 1, A), the composition
of the cell population showed a preferential recruitment
of eosinophils into BALF. For example, eosinophils
increased from less than 1% in control mice to 13% in
mice treated with IL-13 for 10 consecutive days (P =
.04). From a baseline level of approximately 103, the
number of eosinophils in BALF increased to 9.0 × 104

(Fig 1, B). Of note, after 8 doses, an infiltration of neu-
trophils in BALF was seen; this represented 53% of the
total cells in BALF (Fig 1, C). No significant variation in
number or type of cells in the bone marrow or peripher-
al blood was observed during the kinetic study. For
example, eosinophil differentials in the bone marrow
were 4.4% ± 1.3% and 4.8% ± 2.8% (mean ± SD; n = 5)
in mice treated with 10 doses of saline solution and mice
treated with 10 doses of IL-13, respectively. In addition,
peripheral blood eosinophil differentials were 0.7% ±
0.8% and 1.4% ± 2% (mean ± SD; n = 5) after treatment
with saline solution and IL-13, respectively. Consistent
with this, absolute peripheral blood eosinophil counts
were 3.2 × 104 and 3.6 × 104 cells/mL in saline solution–
and IL-13–treated mice, respectively. Treatment of mice
with 10 µg of IL-13 for 10 consecutive days was there-
fore used for subsequent analysis.

IL-5 is required for IL-13–induced eosinophilia

To examine the effect of IL-5 on IL-13–induced
recruitment of eosinophils into the lung, IL-13 was next
administered to IL-5 gene–targeted mice. The leukocyte
differential counts in the bone marrow and peripheral
blood were determined. The peripheral blood cell differ-
entials and the bone marrow differentials showed no dis-
cernable differences between saline solution– and IL-
13–treated mice (data not shown). IL-5 gene–targeted
mice treated with saline solution had BALF eosinophil
levels below the detection limit; their IL-13–treated
counterparts had 3.8 ± 6.6 × 103 eosinophils in BALF
(Fig 2, A). In contrast, wild-type mice had 2.05 ± 2.49 ×
103 and 7.95 ± 5.46 × 104 eosinophils in BALF in
response to saline solution and IL-13, respectively. It is
interesting to note that the percent of eosinophils in
BALF in response to IL-13 was 0.92% ± 1.25% in IL-5
gene–targeted mice; this compared with 8.49% ± 3.16%
in wild-type mice (Fig 2, B).

We next examined eosinophil levels in the peri-
bronchial region of the lung tissue after IL-13 treatment
of IL-5 gene–targeted mice (Fig 3). Eosinophils were
identified by immunostaining with anti-MBP (Fig 4, A-
D). Consistent with the impaired eosinophil recruitment
into BALF, IL-13–induced lung eosinophilia was
markedly attenuated in the absence of IL-5 (23 ± 26 vs
108 ± 39 eosinophils/mm2 in IL-13–treated IL-5–
deficient and wild-type mice, respectively). Thus IL-
13–induced eosinophil recruitment into the lung is large-
ly dependent on IL-5. 

FIG 1. Kinetic analysis of IL-13–induced leukocytes in BALF. Mice
received intranasal treatment with 10 µg/day of either IL-13 or con-
trol saline solution. The total leukocyte (A), eosinophil (B), and neu-
trophil (C) levels in BALF 18 hours after the day of cytokine admin-
istration are shown. Results are expressed as means ± SDs. Because
of the small number of mice examined at each time point, statistical
analysis was not performed for this initial kinetic analysis.

A

B

C
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IL-5 enhances IL-13 induction of eosinophilia

We were next interested in determining whether over-
production of IL-5 by T cells, a process that occurs in
patients with asthma,3 influences IL-13–induced airway
eosinophilia. We therefore subjected mice carrying the
IL-5 transgene (under the control of the T cell–specific
CD2 promoter) to IL-13 treatment. Transgenic mice
receiving IL-13 were found to develop a 2-fold increase in
total cells in BALF in comparison with wild-type mice
(data not shown). Interestingly, IL-13–treated IL-5 trans-
genic mice developed a 20-fold increase in BALF
eosinophils in comparison with wild-type mice (1.71 ±
1.18 × 106 and 7.95 ± 5.46 × 104, respectively; Fig 2, A).
Furthermore, IL-5 transgenic mice had a remarkable level
of airway eosinophilia, with 77.5% ± 7.1% eosinophils in
BALF (Fig 2, B and Fig 4, E and F). It is worth noting that
IL-5 transgenic mice treated with saline solution had lev-
els of eosinophils that were higher than saline solution– or
IL-13–treated wild-type mice (Figs 2 and 3). 

Eotaxin regulates IL-13–induced eosinophil

distribution in the lung

We were next interested in examining the role of
eotaxin in the recruitment of eosinophils into the lung.
IL-13 was therefore administered to eotaxin gene–targeted

and wild-type mice. As in the treatment of wild-type and
IL-5 gene–targeted mice, the leukocyte differential
counts in the bone marrow and peripheral blood showed
no IL-13–induced differences (data not shown). Surpris-
ingly, however, IL-13 treatment induced a percentage of
BALF eosinophils that was 2-fold higher (P < .01) in
eotaxin gene–targeted mice than in wild-type mice (Fig
2, B). In wild-type mice, the percentage of eosinophils
was 0.77% ± 0.82% for saline solution–treated mice and
8.49% ± 3.17% after IL-13 treatment. In eotaxin
gene–targeted mice, the percentage of eosinophils was
0.60% ± 0.47% and 19.35% ± 7.17% after treatment with
saline solution and IL-13, respectively. Analysis of total
eosinophil levels in BALF in response to IL-13 revealed
that eosinophil recruitment into BALF was independent
of eotaxin (7.95 ± 5.46 × 104 and 1.26 ± 0.74 × 105

eosinophils for IL-13–treated wild-type and eotaxin-
deficient mice, respectively; Fig 2, A).

We next examined the tissue level of eosinophils in the
lungs after IL-13 treatment. Even though BALF
eosinophilia was not reduced in eotaxin-deficient mice,
the same mice had a marked deficiency of airway tissue
eosinophilia in comparison with wild-type mice (24.41 ±
24.86 vs 108 ± 39.0 eosinophils/mm2; Fig 3 and Fig 4, H
and B). In fact, the level of airway eosinophils was simi-
lar to that seen in IL-5–deficient mice. Finally, mice defi-
cient in both IL-5 and eotaxin were examined. These
double-deficient mice were found to have impaired
eosinophil recruitment into both BALF and tissue (Figs 2
and 3), which is consistent with results in IL-5
gene–deficient mice.

Mucus production is not dependent on IL-5

or eotaxin

We were next interested in determining whether IL-
13–induced mucus production was influenced by the
level of eosinophils in the lung (Figs 5 and 6). Mucus

FIG 2. IL-13–induced eosinophil counts in BALF. Mice were treat-
ed for 10 days with IL-13 (solid) or saline solution (hatched). The
total eosinophil levels (A) and eosinophil percentages (B) in BALF
of wild-type (n = 10), eotaxin –/– (n = 14), IL-5 –/– (n = 9), eotax-
in/IL-5–double-deficient (Eot/IL-5 –/–; n = 10), and IL-5 transgenic
(Tg; n = 6) mice were determined. The results are data pooled
from 3 experiments and are expressed as means ± SDs.

A

B

FIG 3. IL-13–induced lung tissue eosinophilia. Mice were treated
for 10 consecutive days with saline solution (hatched) or IL-13
(solid). The level of eosinophils in the lung tissue was determined
by morphometric analysis from wild-type (n = 5), eotaxin –/– (n =
8), IL-5 –/– (n = 8), eotaxin/IL-5–double-deficient (Eot/IL-5 –/–; n =
10), and IL-5 transgenic (Tg; n = 4) mice. The results are data
pooled from 2 representative experiments and are expressed as
means ± SDs.
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production was detected by staining with the periodic-
acid Schiff reaction, as shown in Fig 6. In wild-type
mice, IL-13 induced an increase in mucus production
>25-fold in comparison with saline solution (26% ± 17%
and 0.92% ± 0.67%, respectively). In eotaxin gene–tar-

geted mice treated with IL-13, there was an increase in
mucus production from 0.41% ± 0.45% to 46% ± 19%.
Likewise, IL-13 delivery to IL-5 transgenic mice
increased mucus production from 0.30% ± 0.41% to 37%
± 16%. Finally, IL-13 treatment of IL-5 gene–targeted

FIG 4. Photomicrographs of saline solution– and IL-13–treated lung sections stained with anti-MBP. Mice
were treated for 10 consecutive days with saline solution or IL-13, and representative sections from wild-
type (A, B), IL-5 –/– (C, D), IL-5 transgenic (tg; E, F), and eotaxin –/– (G, H) mice are shown. In panels A
through H, sections are stained with anti-MBP and eosinophils are identified as black-stained cells. The
arrows point to representative MBP-positive eosinophils. Eosinophils are observable only in saline solu-
tion–treated IL-5 transgenic (E), IL-13 treated wild-type (B), and IL-5 transgenic (F) mice.
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mice resulted in mucus production in 38% ± 11% of the
airway epithelium. Induction of IL-13–induced airway
mucus production was thus not influenced by either IL-5
or eotaxin, which suggests no association between mucus
production and airway eosinophilia.

DISCUSSION

The potent inflammatory actions of IL-13 have identi-
fied this molecule as a potential regulator of multiple
aspects of asthma, including airway hyperresponsive-
ness, eosinophilia, and mucus overproduction.4 Although
IL-13 has been shown to be a powerful inducer of
chemokines,12,13,34 the mechanism of IL-13–induced
lung eosinophilia has not been established.

In the present study, we used a mouse model system to
delineate the mechanism by which IL-13 induces
eosinophilia. First, our results establish that IL-13
induces airway eosinophilia independently of effects on
eosinophilopoiesis or circulating levels of eosinophils;
this indicates that IL-13 (in this model system) is pri-
marily mediating a local effect in the lungs. Consistent
with this finding, IL-13 has been demonstrated to be a
potent inducer of eosinophil adhesion molecules, such as
vascular cell adhesion molecule 1, and eosinophil-active
chemokines.35 Second, we demonstrate that IL-
13–induced eosinophilia in the lung and BALF is largely
dependent on IL-5. Interestingly, IL-5 and IL-13 are
often coproduced by TH2 cells, which provides a sce-
nario for the cooperation of these 2 cytokines.4 Third, we
establish that IL-13–induced airway eosinophilia is influ-
enced by eotaxin; however, unlike IL-5, eotaxin is not
required for airway eosinophilia, inasmuch as eosino-
phils accumulate in the airway lumen in eotaxin-deficient
mice. Rather, eotaxin appears to play a role in regulating
the distribution of eosinophils within the lungs, because
the tissue level of eosinophils is attenuated in the absence
of eotaxin. This finding suggests that eotaxin plays a role
in retaining recruited eosinophils in the lungs. These last
2 findings, taken together, indicate that the effect of IL-
13 on inducing airway eosinophilia is not a direct one;
rather, it involves both eotaxin and IL-5. Finally, we
establish that IL-13–induced mucus secretion occurs
independently of eotaxin and IL-5, which provides
strong evidence that mucus secretion is dissociated from
eosinophilia. This is consistent with a previous report
that TH2-induced airway mucus production is dependent
on IL-4Rα but not on eosinophils.36 The mucus produc-
tion is likely to be explained by direct signaling of IL-13
in respiratory epithelial cells via the IL-4Rα/IL-13Rα1
molecules known to be expressed by these cells.35,37 In
addition, IL-13 has been shown to stimulate mucus
secretion by activating neutrophils, at least in part.38

Consistent with this, we have found that IL-13 adminis-
tration induces substantial airway neutrophilia (Fig 1, C).
Although this was not the focus of the current study, IL-
13 also activates neutrophils.39

IL-5 and eotaxin have previously been shown to be crit-
ical regulators of eosinophil trafficking and accumulation

into tissue at baseline and during antigen-driven inflam-
matory responses.18,23,29 IL-13 is thought to collaborate
with this pathway by regulating eotaxin expression.13 IL-4
and IL-13 share the ability to induce eotaxin in vivo12,13,40

in a variety of cells, including respiratory epithelium41,42

and nasal and dermal fibroblasts,34,43 by an apparently
STAT-6–dependent pathway.44-46 IL-13 appears more
potent than IL-4, inasmuch as inhibition of IL-13 with a
neutralizing antibody markedly attenuates the eotaxin-
inducing activity of TH2 cell supernatants.13 In our study,
the level of IL-13–mediated eosinophil accumulation was
low in comparison with antigen-driven allergic inflamma-
tory responses (experimental asthma models).20,27 This
might reflect the requirement for the upregulation of both
eotaxin and IL-5 and their synergistic interactions for
maximal eosinophilic responses. In particular, IL-5 pro-
motes an expansion of circulating eosinophils in response
to antigen provocation, whereas eotaxin subsequently
sequesters eosinophils into tissues.3,47

An unexpected result in this study was the finding that
eotaxin-deficient mice had a major impairment in IL-
13–induced eosinophilia in the lung tissue but not in
BALF. It is interesting to speculate that this reflects the
ability of eotaxin to retain recruited eosinophils in the
lung tissue. Eosinophils might be initially recruited into
the lung in response to local overproduction of IL-5 and
other eosinophil-active chemokines (eg, RANTES).
Chemokines, which have long been known to be potent
leukocyte chemoattractants, have been recently recog-
nized to regulate the spatial distribution of leukocytes in
secondary lymphoid compartments and inflammatory
sites.48-50 For example, eotaxin induces both firm adhe-
sion and detachment of eosinophils to membrane inte-
grins and extracellular matrix components,51-53 thus pro-
viding a scenario for eotaxin-dependent tissue retention.
Such changes might be mediated by eotaxin-induced

FIG 5. IL-13–induced mucus production. Mice were treated for 10
consecutive days with saline solution (hatched) or IL-13 (solid),
and the percentage of epithelium positive for mucus (after peri-
odic-acid Schiff staining) is shown from wild-type (n = 5), eotaxin
–/– (n = 6), IL-5 –/– (n = 8), eotaxin/IL-5–double-deficient (Eot/IL-5
–/–; n = 6), and IL-5 transgenic (Tg; n = 5) mice. The results are
data pooled from 2 representative experiments and are expressed
as means ± SDs.
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changes in the expression and activation of adhesion mol-
ecules on the cell surface of eosinophils.2,54 The recently
recognized ability of eotaxin to rapidly induce downregu-
lation of its own receptor (CCR3)55 and a subsequent
inhibitory chemotactic response (M. E. Rothenberg and
N. Zimmermann, unpublished data) provides an addition-
al mechanism for chemokine-mediated tissue retention.

Taken together, these results indicate that IL-
13–induced eosinophilia in the lung is differentially reg-
ulated by both IL-5 and eotaxin. Integrated signals
involving TH2 cells and their cytokines (IL-5 and IL-13),
as well as chemokines, are likely to be involved in the
immunopathogenesis of the airway inflammation seen in
asthma. Currently, therapeutic intervention strategies in
patients with asthma are being designed to neutralize sin-
gle cytokines (eg, anti-IL5); the results of the current
study suggest that strategies that coinhibit multiple
cytokines might provide additional benefit.

We are grateful to Dr Debra D. Donaldson and the Genetics
Institute (Cambridge, Mass) for a generous supply of murine IL-13
and to Drs Jamie and Nancy Lee (Mayo Clinic, Scottsdale, Ariz) for
a generous supply of anti-MBP.
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