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Rationale: Interleukin (IL)-13 plays a pivotal role in the pathogenesis
ofallergic asthma.Passiveadministration of itsmonoclonal antibody
or soluble receptor to block overproduced IL-13 has been proven to
be effective in controlling airway allergic responses in animal
models, but these approaches have disadvantages of short half-
lives, high costs, and possible adverse effects.
Objectives: We sought to develop a novel therapeutic strategy
through constructing an IL-13 peptide-based vaccine for blocking
IL-13 on a persistent effect basis and to evaluate its in vivo effects
using a murine model.
Methods: To break self-tolerance, truncated hepatitis B core antigen
was used as a carrier. Vaccine was prepared by inserting a peptide
derived from the receptor binding site of mouse IL-13 into the
immunodominant epitope region of the carrier using gene recom-
bination methods. Mice received vaccine subcutaneously three
times, and then subjected to intraperitoneal sensitization and in-
tranasal challenge with ovalbumin. Control animals received carrier
or saline in place of vaccine.
Measurements and Main Results: The vaccine presented as virus-like
particles and induced sustained and high titered IL-13–specific IgG
without the use of conventional adjuvant. Vaccination significantly
suppressedovalbumin-induced inflammatory cell number, and IL-13
and IL-5 levels in bronchoalveolar lavage fluids. Serum total and
ovalbumin-specific IgE were also significantly inhibited. Moreover,
allergen-induced goblet cell hyperplasia, lung tissue inflammatory
cell infiltration, and pulmonary hyperresponsiveness to inhaled
methacholine were significantly suppressed in vaccinated mice.
Conclusions: Our data indicate that IL-13 peptide-based vaccines
could be an effective therapeutic approach in the treatment of
asthma.
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Interleukin (IL)-13 is a critical mediator in the development and
maintenance of allergic asthma (1). Polymorphisms of IL-13 gene
are associated with increased asthma susceptibility (2). Direct
administration of recombinant IL-13 to the airways (3, 4) or its
overexpression in the lungs of transgenic mice (5) leads to airway
inflammation and hyperresponsiveness, goblet cell hyperplasia,
and subepithelial fibrosis. IL-13 blockade with soluble receptor

a2 (6) or neutralizing antibodies (7) reduces or even abolishes
such responses in animal models of asthma. Given its central role
in asthma, IL-13 presents an attractive target for new treatment
options.

A variety of monoclonal antibodies (mAb) and soluble
receptors have been developed to neutralize the overproduced
endogenous cytokines associated with severe disease (8). How-
ever, in humans these approaches are hampered by the re-
quirement for frequent high-dose injections, as positive effects
are lost rapidly after treatment discontinuation. For instance,
200 to 400 mg of mAb against human immunoglobulin (Ig)E
is required every 2 to 4 weeks (9). Soluble receptors of tumor
necrosis factor (TNF)-a (10) or IL-4 (11) must also be admin-
istered weekly or bi-weekly. Such passively administrated thera-
pies are inconvenient and costly. In addition, infusion reactions
occurred in 17% of patients treated with mAb against TNF-a
(Infliximab) (12). Antibodies against therapeutic mAbs, which
reduce the effectiveness of the treatment, can also be induced,
as reported in 28 to 68% of patients receiving Infliximab
therapy (12).

To overcome these disadvantages, a new strategy that may
offer long-term efficacy with fewer adverse effects is being
investigated, in which auto-antibodies against self-cytokines are
induced using vaccines. Based on providing effective T cell help,
two broad experimental strategies have been used to design
such vaccines. One aims to modify the intact self-protein by in-
serting a foreign peptide containing Th epitopes (13). The
second aims to link the intact self-protein or a considerable
part thereof to an heterologous carrier protein (14). Polyclonal
antibodies induced by such vaccines can have excellent neu-
tralizing capacity, but because they are raised against multiple
self-antigen determinants, their use may be hindered by un-
desirable cross-reactions with other self-proteins that contain
similar epitopes. This is a particular concern when this strategy
is used in humans. Furthermore, for induction of high titers of
auto-antibody with such vaccines, the use of adjuvant has
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Scientific Knowledge on the Subject

Interleukin (IL)-13 is a key mediator in asthma. To date,
the neutralizing of excessive endogenous IL-13, using
a vaccine, has not been reported.

What This Study Adds to the Field

Administration of a recombinant virus-like IL-13 peptide-
based vaccine effectively suppresses airway allergic
responses in mice, suggesting a novel approach for long-
term treatment of asthma.
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always been required (13). These issues largely limit their
application, efficacy and safety.

In an effort to overcome the inherent disadvantages of the
above therapeutic approaches, we designed an IL-13 peptide-
based vaccine and tested its in vivo effect in the down-regulation
of airway allergic inflammatory responses in a murine model of
asthma. Some of the results of these studies have been previously
reported in the form of an abstract (15).

METHODS

Selection of Antigenic Peptides

Antigenic peptide prediction was performed based on the occurrence
of amino acid residues in experimentally known segmental epitopes
(http://bio.dfci.harvard.edu/Tools/antigenic.html) and the hydrophilicity/
hydrophobicity analyses of amino acids (http://arbl.cvmbs.colostate.
edu/molkit/hydropathy/index.html). Using the information from the
high-resolution solution structure of IL-13 (16), priority was given to
the peptide sequences located in the receptor binding sites and/or at
the terminal regions.

Preparation and Identification of Recombinant Vaccine

Two plasmids were prepared: (1) plasmid HBcAg, which expressed
‘‘carrier’’ composed of truncated hepatitis B virus core antigen (HBcAg)
(amino acids 1–149); and (2) plasmid HBcAg-La, which expressed
‘‘vaccine’’ consisting of a fusion protein with the selected IL-13 peptide
inserted between amino acids 78 and 79 of the immunodominant epitope
of HBcAg. Recombinant protein was expressed using Escherichia coli
DH5a cells, purified using ultrasonic lysis, 40% ammonium sulfate
precipitation, ultracentrifugation with 10 to 40% sucrose density gradi-
ent, and chromatography with Sepharose CL-4B (Sigma-Aldrich, St.
Louis, MO), and identified by SDS-PAGE and immunoblotting using
a polyclonal goat anti-mouse IL-13 antibody (R&D Systems Inc.,
Minneapolis, MN).

Animals

Female BALB/c mice (7–8 wk old) purchased from Charles River
Laboratories (Saint-Constant, PQ, Canada) were maintained at the
Central Animal Care Services, University of Manitoba. All protocols
used were approved by the University Animal Ethics Committee.

Immunization, Sensitization, and Challenge

In the IL-13–specific IgG time course study (Figure 1A), mice were
immunized subcutaneously with 100 mg vaccine with or without
adjuvant. In the asthma study (Figure 1B), four groups of mice were
included: (1) vaccine (n 5 12): immunized subcutaneously with 100 mg
vaccine (HBcAg-La), then subjected to intraperitoneal sensitization
and intranasal challenge with ovalbumin (OVA) (grade IV; Sigma-
Aldrich); (2) carrier (n 5 12): immunized with 100 mg carrier (HBcAg)

and sensitized/challenged with OVA; (3) phosphate-buffered saline
(PBS) (n 5 4): injected with PBS (0.02 mol/L sodium phosphate buffer,
0.15 mol/L NaCl, pH 7.2) and sensitized/challenged with OVA; and (4)
normal (n 5 4): injected with PBS and no exposure to OVA.

Analysis of Breathing Response to Inhaled Methacholine

Changes in work of breathing in response to inhaled methacholine
were measured in unrestrained mice using whole body plethsymog-
raphy (model PLY 3211; Buxco Electronics, Troy, NY) (17–19). The
percent increase in enhanced paused (Penh) above a saline challenge
baseline value was compared between groups.

Bronchoalveolar Lavage Fluids and Differential Cell Counts

Bronchoalveolar lavage fluid (BALF) was collected with three re-
peated washes of excised lungs using 1 ml PBS. After cytospin the
slides were stained with HEMA 3 (Fisher Diagnostics, Pittsburgh, PA).
Differential cell counts were performed according to standard hemato-
logical procedures. At least 400 cells were counted from each preparation.

Cytokines and Antibodies measured by Enzyme-Linked

Immunosorbent Assay

Cytokine levels in BALF supernatants, serum OVA-specific IgE, IgG1,
IgG2a, total IgE, and IL-13–specific IgG were assayed by enzyme-linked
immunosorbent assay (ELISA) using techiniques established in our
laboratory (20, 21) or following manufacturer’s instructions (PharMingen,
San Diego, CA).

Histologic Assessment

Lungs were fixed in formalin, then embedded in paraffin and sectioned.
Specimens were stained with hematoxylin and eosin (H&E) or periodic
acid Schiff (PAS) and examined using an Olympus IX51 light microscope
equipped with CCD camera under control of Image Pro Plus software
(Media Cybernetics, Inc., Bethesda, MD). As previously described (22),
peribronchiolar and perivascular inflammation in H&E-stained slides
was assessed using an indexed scale: 0 5 normal; 1 5 infrequent in-
flammatory cells; 2 5 a ring of inflammatory cells 1 cell layer deep; 3 5 a
ring of inflammatory cells 2 to 4 cells deep; 4 5 a ring of inflammatory
cells of more than 4 cells deep. Goblet cell abundance was measured as
percentage of PAS-positive cells in the total airway epithelia of medium-
sized airways. Scoring was performed at a magnification of 3200 by
examining at least 40 consecutive fields. The sections were assigned
a random code to blind the examiner to the identity of each specimen.

Statistical Analysis

Differences between experimental groups were assessed by one-way
ANOVA followed by Newman-Keuls multiple comparison test
(GraphPad Prism 3.03; GraphPad Software, Inc., San Diego, CA).
Values are reported as the mean 6 SEM.

RESULTS

Vaccine Without Adjuvant Induces Sustained and

High Titered IL-13–Specific IgG

A 15–amino acid peptide (hereafter named ‘‘La’’) that includes
12LTLKELIEELSNITQ26 from helix B at the receptor binding
site of mouse IL-13 was selected to generate a vaccine. NCBI
BLAST searching has confirmed that there is no similar se-
quence to the IL-13 peptide in other known molecules. The
plasmid HBcAg-La expressed a recombinant protein in E. coli
DH5a cells that was recognized by polyclonal rabbit anti-mouse
IL-13 antibody in Western-blotting analyses. The fractionation
patterns of recombinant HBcAg-La and HBcAg proteins were
similar in sucrose gradient centrifugation, as each was enriched
in fractions 6 to 8, as verified by SDS-PAGE. This indicates that
the chimeric HBcAg-La protein assembles into particles that
are similar to native HBcAg. The presence of virus-like particles
of the HBcAg-La protein was further confirmed by scanning
electron microscopy.Figure 1. Immunization and sensitization protocols.
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We first tested the ability of the vaccine (HBcAg-La) in
inducing an IL-13–specific IgG response and the time course of
antibody responses (Figure 1A) after immunization with the
vaccine alone or in the presence of adjuvant (Novasome or
alum or complete/incomplete Freund’s adjuvant, CFA/IFA).
Mice immunized with vaccine alone produced strong and long-
lasting IL-13–specific antibody responses that were comparable
to those induced by vaccine emulsified with any of the adjuvants
tested. In all groups, IL-13–specific autoantibodies reached high
levels (titer up to 256,000) and sustained for 1 month before any
detectable decrease was measured (Figure 2). Although the IgG
levels decreased gradually, the titers above 10,000 were sus-
tained for 6 months (Figure 2). When a booster was given at
Month 7, the antibodies in all groups increased rapidly to high
levels, indicating the generation of effective immune memory
for autoantibody production. Collectively, these data demon-
strate that the recombinant IL-13 peptide-based vaccine is immu-
nogenic, even in the absence of conventional adjuvant.

Vaccine Reduces Accumulation of Inflammatory Cells in BALF

Based on the effective immune response elicited by vaccine in
the absence of adjuvant, for all subsequent studies immuniza-
tion was performed used vaccine alone. Six days after nasal
challenge, mice were killed, and BALF, lung tissues, and sera
were obtained for analyses. Total inflammatory cell number in
BALF of IL-13–vaccinated mice was reduced by 62.5% com-
pared with the carrier group (P , 0.001), and by 48.6% com-
pared with the PBS group (P , 0.05) (Figure 3). Moreover,
compared to the carrier or PBS groups, immunization with IL-
13 vaccine markedly inhibited eosinophil recruitment to BALF
by 74.0% (P , 0.001) and 80.9% (P , 0.01), respectively
(Figure 3). Figure 3 also shows that vaccination reduced the
number of BALF lymphocytes by 72.7% and 64.3%, and neu-
trophils by 82.4% and 83.3% compared to the carrier or PBS
groups, respectively. Collectively, our data reveal that IL-13–
based vaccination suppressed the accumulation of total inflam-
matory cells, eosinophils, neutrophils, and lymphocytes that is
typically induced by OVA sensitization and intranasal challenge.

IL-13 and IL-5 Levels in BALF Are Inhibited by Vaccination

To examine the effects of the IL-13 vaccine on cytokine levels
in BALF, T helper (Th)2 (IL-4, IL-5, IL-13), Th1 (interferon
[IFN]-g), and pro-Th1 (IL-12) cytokines were measured using
ELISA. When compared to the carrier or PBS groups, the mean

level of IL-13 in vaccine group was decreased by 40.6% and
61.9% respectively, and IL-5 level was decreased by 51.6% and
72.7%, respectively (P values , 0.05) (Figure 4). However,
vaccination did not significantly affect the mean levels of IL-4,
IL-12, or IFN-g when compared with the carrier group. Im-
munization with the carrier protein did not produce significant
effects on cytokine levels, compared with the PBS group.

Total and OVA-specific IgE Are Reduced by Vaccine

In this study, total IgE and OVA-specific IgE, IgG1, and IgG2a
levels in endpoint sera were quantified via ELISA. Although
both total and OVA-specific IgE antibodies in the vaccine-
treated group remained higher than those in normal mice, they
were markedly reduced compared with those seen in the carrier
or PBS groups (Figure 5A). Both the mean levels of serum
OVA-specific IgG1, also driven by Th2 cytokines, and those of
OVA-specific IgG2a, driven by Th1 cytokines, decreased sig-
nificantly. In a replicate experiment, sera were collected from
the vaccine and carrier groups at Weeks 0, 3, 5, 7, 9 and again
at the endpoint of the experiment. Results are shown as Figure
5B to Figure 5F. Titers of serum mouse IL-13–specific IgG were
significantly increased after the second immunization with

Figure 2. Immunization with interleukin (IL)-13 vaccine alone induces

sustained IL-13–specific IgG. Mice were immunized subcutaneously

with IL-13 vaccine alone or with one of the following adjuvants: (1)
Novasome, (2) alum, or (3) CFA/IFA. IL-13–specific IgG levels were

measured by enzyme-linked immunosorbent assay (ELISA) at the serum

dilution of 1:10,000. The values were read at OD405 and expressed as

mean 6 SEM (n 5 4).

Figure 3. Immunization with IL-13 vaccine suppresses inflammatory
cell accumulation in bronchoalveolar lavage fluid (BALF). Eos 5

eosinophil; Lym. 5 lymphocytes; Mon. 5 monocytes; Neu 5 neu-

trophils; Tcc 5 total cell count. Significant differences were shown as
*P , 0.05, **P , 0.01, ***P , 0.001.

Figure 4. Effects of IL-13 vaccine on cytokine accumulation in BALF.

Significant differences were shown as *P , 0.05, **P , 0.01, ***P , 0.001.
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the vaccine, and remained high for the duration of the study.
Total IgE and OVA-specific antibody levels were significantly
boosted after the second intraperitoneal administration and
intranasal challenge with OVA, while total IgE and OVA-IgE
responses in vaccine group were suppressed significantly com-
pared with those in carrier and PBS control groups.

Vaccine Suppresses Airway Goblet Cell Hyperplasia

and Inflammation

We used PAS staining and histochemical methods to assess
airway goblet cell hyperplasia, as this is a common manifesta-
tion of allergic airways inflammation (Figure 6). Mice that
received IL-13 vaccine showed markedly fewer goblet cells
after allergen sensitization and challenge compared with mice
that received carrier (Figure 6A). Consistent with BALF
cytology, H&E staining of lung sections confirmed that the
accumulation of inflammatory cells in the airways was also
suppressed in mice that received IL-13 vaccine (Figure 6A).
Notably, in control mice receiving only carrier or PBS, there
was evidence of significant perivascular and peribrochial accu-
mulation of inflammatory cells, which appeared to be mainly
comprised of eosinophils, as shown by the magnified inserts in
Figure 6A. We performed semiquantitative analyses of goblet
cells and tissue inflammation in four mice in each group. The
results further confirmed that IL-13 vaccine immunization
significantly suppressed goblet cell hyperplasia and lung tissue
inflammation (Figure 6B).

Vaccine Suppresses Allergic Hyperresponsiveness

to Inhaled Methacholine

We assessed the ability of IL-13 vaccination to prevent hyper-
responsiveness to inhaled methacholine, 2 days after intranasal
challenge with OVA. For these studies we used whole body
plethysmography of unrestrained animals to measure Penh.
This approach measures changes in expiration and expiration
time, and breathing rate; therefore, it provides evidence for
a change in work of breathing, which can be related to a number
of specific parameters of respiratory mechanics, including tissue
resistance, tissue compliance, and airway resistance. Though
Penh is not a reliable marker for airway resistance in all strains
of mice, a number of studies have reported that it can correlate
with airway responsiveness in the BALB/c strain that we used in
our studies (18, 19). Consistent with our experiments showing
that IL-13 vaccination prevented allergic airway inflammation,
mice immunized with IL-13 vaccine (n 5 6) exhibited markedly
reduced Penh responses to maximum concentrations of inhaled
methacholine (25 mg/ml) compared with carrier (n 5 6) and
PBS (n 5 4)-exposed animals (P , 0.05) (Figure 7).

DISCUSSION

Since the introduction of vaccines against microbes, many in-
fectious diseases have become well controlled. However, dis-
eases reflecting maladaptive immunoregulatory responses such
as allergic and autoimmune diseases have increased significantly.
Innovative application of vaccine concepts represents a novel
approach to treatment of these severe, often lifelong, chronic
human diseases. Prior studies have demonstrated that targeting
of a single molecule, if the molecule is sufficiently critical to the
pathogenesis or maintenance of the disease, can be effective.
Anti-IgE therapy is useful in treatment of moderate to severe
asthma (23, 24). Anti–TNF-a therapy with its monoclonal anti-
bodies or soluble receptors is used in the treatment of rheuma-
toid arthritis (25), inflammatory bowel disease (12, 26), and may
have some applicability in severe asthma (27, 28). Although
blocking only one molecule may be ineffective (11, 29) or insuf-
ficient to attain significant benefit in all clinical manifestations in
all patients (24, 27, 28), the clinical experience provides proof of
concept about the potential utility of targeting key molecule(s)
for therapy (30).

IL-13 is a key mediator of asthma (1). We have developed
a novel IL-13 peptide-based vaccine to induce specific anti-
bodies directed at a key sequence in IL-13 that is not found to
be similar to any known molecules through NCBI BLAST
research, thereby avoiding the increased likelihood of cross-
reactions with vaccines carrying large-to-full-length peptide
sequences. Our decision to use HBcAg to develop the IL-13
peptide-based vaccine was based on some key features related
to the particles that are produced. First, the safety of using
HBcAg as a carrier has been confirmed in a phase I clinical trial
for a malaria vaccine (31). Second, it is effective in activating
naive B cells as primary antigen-presenting cells, which are
105-fold more efficient than what is typically associated with
dentritic cell and macrophage interactions (32). Third, a single
virus-like HBcAg particle consists of 180 or 240 HBcAg mole-
cules, each of which is inserted with one IL-13 peptide.
Therefore, a total of 180 or 240 IL-13 peptides are displayed on
the surface of a single vaccine particle in highly ordered, op-
timally spaced repeats. This structural feature likely explains
the high immunogenicity found with our vaccine. The highly
repetitive ordered array of inserted self-polypeptides on the
surface of virus-like particles may also abrogate the ability of
the immune system to distinguish between foreign and self (33),

Figure 5. Total and ovalbumin (OVA)-specific IgE in serum are signif-

icantly reduced by IL-13 vaccine. (A) Antibodies levels in the sera

collected at the endpoint of the experiment were measured using
ELISA. (B–F ) In replicate experiments, serum samples were collected at

the times indicated, and dynamic antibody responses are shown. To

quantitatively measure OVA-specific antibodies, a reference serum

defined as 1,000 units/ml for OVA-specific antibodies was used. Data
are reported as mean 6 SEM. Significant differences were shown as

*P , 0.05, **P , 0.01, ***P , 0.001.
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thus providing an unique benefit that leads to breaking of B cell
tolerance. Our vaccine was successful in breaking self-immune
tolerance and inducing high titers of auto-antibodies for IL-13
(up to 256,000), comparable to those elicited by a foreign
peptide in the same carrier system (data not shown). We also
demonstrated that the IL-13–specific auto-antibodies were
maintained for at least 6 months without use of conventional
adjuvant.

The overall goal of our investigation was to assess the
potential of IL-13 peptide-based virus-like particle vaccines to
suppress features of airway allergic inflammatory response. For
this purpose, we used a well-established acute model of allergic
airways inflammation to induce asthma-like features that have
been reported to include AHR, airway and lung tissue eosin-
ophilia, mucus overproduction, and IgE elevation (34). Al-
though some reports in mouse models have failed to confirm
a direct association between AHR and airway eosinophilia (4,
6), there is evidence that eosinophils may play a unique and
important effector role in the pathogenesis of asthma (35, 36).
Our results show that IL-13 vaccine suppresses airway inflam-

matory cell recruitment, in particular eosinophils. This is
consistent with current published reports that IL-13 regulates
the expression of chemokines, adhesion molecules, and metal-
loproteinases associated with inflammatory cells (1), and that
airway administration (3, 4) or overexpression (5) of IL-13 in
the lungs is sufficient to induce cellular infiltration.

In addition to the critical effect of IL-4, IL-13 also showed
a positive role in Th2 development and responses (37). Our
experiments measured the effects of IL-13 vaccine on the
BALF Th1/Th2 cytokine profile in mice after sensitization
and challenge with allergen. Notably, accumulation of IL-13
and IL-5 was markedly suppressed. As IL-5 is crucial in
regulating eosinophil development, differentiation, recruitment,
activation, and survival (38), it is likely that its suppression is
involved with the ability of our IL-13 vaccine to suppress airway
eosinophilia. Anti-IgE therapy has confirmed a central role for
IgE in the allergic inflammatory process in asthma (24). Studies
indicate that IL-13 contributes to IgE synthesis (39), due to its
role in the Th2 cell development (37) and the survival of B cells
(40). Therefore, down-regulation of IL-13 can also modulate

Figure 6. Airway tissue inflammation and goblet cell

hyperplasia are significantly decreased by IL-13 vac-

cine. (A) Representative photomicrographs are shown.

Top panels: mice vaccinated with PBS followed by OVA
sensitization/challenge; middle panels: mice vaccinated

with the carrier; bottom panels: mice immunized with

IL-13 vaccine. Left panels: H&E staining; the insert is

powered magnification showing infiltrated inflamma-
tory cells. Right panels: PAS staining. (B) Semi-quanti-

fication analysis was performed to assess histologic

changes (n 5 4/group). Significant differences were
shown as **P , 0.05.
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Th2 responses and levels of IgE and other antibodies. These
effects likely provide an explanation for our findings that
vaccination with IL-13 vaccine suppressed allergen-induced
total and OVA-specific IgE, and also had an effect in suppress-
ing OVA-specific IgG1 and IgG2a (Figure 5).

IL-13 appears to promote goblet cell hyperplasia and mucus
production, as its airway administration (3, 4) or overexpression
in lung (5) rapidly induces mucus hyperplasia and production.
In vitro and in vivo experiments further demonstrate that IL-13
induces the gene expression of Ca21-activating chloride chan-
nel, stimulates the differentiation of epithelial cells, and pro-
motes mucin gene expression and release (1). Notably, IL-13
gene knockout (41) or blockade (6, 42) in mice prevents mucous
hypersecretion, and can reverse established mucus metaplasia.
Our results using IL-13 vaccine are consistent with these ob-
servations, as inhibition of IL-13 effects by vaccination attenu-
ated the accumulation of mucus-secreting airway epithelial
goblet cells that is typically induced in mice after allergen
challenge.

IL-13 appears to be both necessary and sufficient for the
development of AHR in mice (3, 6, 41). Our results using an
acute challenge protocol are consistent with this paradigm, as
IL-13 vaccination, in contrast to the carrier protein, significantly
reduced allergen-driven changes in breathing responses to
inhaled methacholine. A limitation of our study is that we used
a barometric method to assess breathing responses, so it is not
possible to attribute the increased work of breathing caused by
aerosolized methacholine solely to increased airway responsive-
ness. Nonetheless, our results clearly demonstrate that IL-13
vaccination suppresses the increased work of breathing induced
by methacholine in allergen-challenged mice. The effects of
IL-13 on AHR, which may be those inhibited by our vaccine,
are likely due to enhancement of inflammatory cell infiltration,
by direct induction of biomolecule release from airway epithe-
lial cells (43), and on modulation of airway smooth muscle cell
contraction or proliferation (44). These data suggest IL-13 may
have a role in airways remodeling in prolonged allergic in-
flammation. Recently, Leigh and coworkers (45) found that
inhibition of IL-13 with soluble receptors only partially reversed
sustained airway hyperresponsiveness associated with airway
remodeling in a mouse model. Therefore, it will be of interest in
future experiments using our IL-13 vaccine to establish whether

sustained neutralization of IL-13 is able to modulate airway
remodeling and persistent AHR in response to chronic allergen
challenge.

A potential concern of active immunization with cytokine
vaccines is that it could induce a permanent autoimmune
condition, eliminating all target cytokine, including that re-
quired for normal physiological processes. Under normal con-
ditions, cytokine release occurs within a so-called ‘‘immune
synapse’’ that requires intimate association of the cells involved
(46). Previous studies indicate that auto-antibodies induced by
vaccine had little impact at the ‘‘immune synapse,’’ and appear
only to neutralize excess cytokine that accumulates ectopically
in the extracellular compartment (47). The safety of cytokine
vaccines is also supported by animal experiments and human
clinical trials (47). In our present experiments, vaccinated mice
that developed abundant IL-13–specific auto-antibodies showed
no evidence of physiologic or growth abnormalities for up to
one year after vaccination.

In summary, we have, for the first time, designed an IL-13
peptide-based vaccine that effectively breaks immune tolerance
and elicits sustained high titers of auto-antibodies to endoge-
nous IL-13. Using a murine model of acute allergic airway
inflammation, we demonstrate that immunization with the
vaccine markedly suppresses allergic responses, including in-
flammation, mucus hypersecretion, and the development of
hyperresponsiveness to inhaled methacholine. These observa-
tions support the notion that IL-13 likely plays a key role in the
pathogenesis of asthma. The administration of cytokine peptide-
based vaccines has the potential to be an effective therapeutic
tool in treating allergic asthma and, by extension, other disorders
in which elevated cytokines are involved in the pathogenesis.
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