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Abstract: Asthma is characterized by airway inflammation, mucus overproduction, and airway hyperreactivity. Cyto-
kines, especially T helper 2-derived cytokines interleukin (IL)-4, IL-5, and IL-13, are involved in the pathogenesis of
asthma. IL-:21 has a variety of effects on the immune system. However, the contribution of IL.-21 to the development
of allergic diseases is currently controversial. The aim of this study was to investigate the effect of IL-21 on asthma
airway inflammation in vivo. A murine ovalbumin (OVA)-induced allergic asthma model was used. The concentration
of IL-21 in the bronchoalveolar lavage fluid (BALF) of mice was evaluated by enzyme-linked immunosorbent assay.
BALF cellularity, lung histopathology, and sera IgE levels were compared between the normal control group, OVA sen-
sitization/challenge group, and OVA sensitization/challenge plus IL-21-administered group. An OVA-induced allergic
rhinitis model with IL-21 was used as a positive control and the infiltration of eosinophils in the nasal mucosa was
evaluated. The concentration of IL.-21 in the BALF was lower in the asthmatic group compared with the normal con-
trol group. However, no significant differences in airway eosinophilia, lung histopathology, and sera IgE levels were
observed between the OVA sensitization/challenge group and OVA sensitization/challenge plus IL-21-administered
group. Decreased eosinophilic infiltration of nasal mucosa was observed in the positive control allergic rhinitis
model administered IL-21 during the challenge period. Exogenous administration of IL-21 alone may not alleviate
allergic lung inflammation. The role of IL-21 in allergic lung inflammation needs further research.
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Introduction interleukin (IL)-4, IL-5, and IL-13 in mediating
the airway inflammatory response using a

Asthma is a common respiratory disorder char- murine model of allergic lung inflammation

acterized by airway inflammation, bronchocon-
striction, and airway hyperresponsiveness.
These features clinically manifest themselves
as exacerbations of wheezing and breathless-
ness, which have significant impact on the
quality of life. Airway inflammation that occurs
during atopic asthma is associated with expo-
sure to specific allergens such as house dust
mite allergens or nonspecific triggers, such as
air pollution [1]. Cytokines are critical in allergic
intercellular communication networks, and
they contribute to disease pathology through
the recruitment and activation of proinflamma-
tory leukocytes and in the chronic phase by
mediating pro-fibrotic/remodeling events. A
number of studies have clearly established the
importance of T helper (Th) 2-derived cytokines

[2-5]. Th2 cytokines are produced predominant-
ly by activated Th2 cells, which induce inflam-
matory cell infiltration into the airways. Recently,
Th17 cells, a subset of CD4+ T cells with dis-
tinct properties from Thl, Th2, and regulatory T
cells [6], are found in the lungs of patients with
severe asthma [7]. In addition, the Th17 cyto-
kine IL-17A is present in the bronchoalveolar
lavage fluid (BALF) and bronchial biopsies of
patients with moderate to severe asthma [8].
IL-21 is a member of the type | cytokine family
with significant sequence homology to IL-2, IL-4,
and IL-15 [9]. IL-21 is produced by activated
CD4+ T cells, and recently it has been reported
that IL-21 is produced by Th17 cells and NKT
cells [10]. IL-21 biological functions are mediat-
ed by a heterodimeric receptor, formed by the
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of IL-4-induced eotaxin-1 and
eotaxin-2 in nasal fibroblasts,
leading to suppressed eosino-
philic migration into the nasal
tissue [20]. A previous study
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- showed that IL-21 gene poly-
29 morphisms were associated
with susceptibility to atopic
asthma [21]. Therefore, this
study determined whether
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29 administration of IL-21 did not

improve allergic lung inflam-
mation in an OVA-induced
murine asthma model.

Materials and methods
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Figure 1. Protocols for sensitization, challenge, and rmIL-21 administration.

A: Murine asthma model: mice were sensitized by i.p. immunization with
OVA plus alum on days O and 14 followed by challenge with OVA solution
by intratracheal instillation on days 24, 26, and 28. Some groups of mice
were treated with rmIL-21 before challenge. B: Allergic rhinitis model: mice
were sensitized by i.p. administration of OVA plus alum on days O, 7, and 14
followed by daily injections of OVA solution into the nostrils on days 21-28
(challenge). Some groups of mice were treated with rmIL-21 administration
into the nasal cavity before challenge. On day 29, mice were sacrificed and

samples were collected.

common y-chain subunit, which is shared with
IL-2, IL-4, IL-7, IL-9, and IL-15 receptors, and its
own unique receptor (designated IL-21R).
Binding of IL-21 to IL-21R induces the activation
of Janus kinase (JAK)-1 and JAK3 and hence
activation of STAT1, STAT3, and, to a lesser
degree, STAT4A and STATS. IL-21 regulates the
activation and proliferation of CD4+ T cells and
B cells. In vitro experiments have demonstrat-
ed that IL-21 can have both positive and nega-
tive effects on B lineage cells depending on the
presence or absence of other signals [11, 12].
IL-21 stimulates the differentiation of follicular
helper T [13] and Th17 cells [14, 15], and it has
antitumor actions in vitro and in vivo [16-18].
Little is known about the impact of IL-21 signal-
ing pathway on the initiation and progression of
IgE-dependent allergic diseases [19]. In an
ovalbumin (OVA)-induced mouse model of aller-
gic rhinitis, administering IL-21 during the initial
antigen challenge significantly reduced allergic
symptoms, with diminished antigen-specific
serum IgE and Th2 cytokines (IL-4, IL-5, and
IL-13) in the nasal tissue and decreased levels
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Female BALB/c mice (6-8
weeks old) were purchased
from the Laboratory Animal
Center of Hubei Province
China and housed under spe-
cific pathogen-free conditions
in the Laboratory Animal
Center of Huazhong University
of Science and Technology.
The experimental procedure was approved by
the committee of Huazhong University of
Science and Technology for animal research.

Animal model and recombinant mouse (rm)
IL-21 administration

The allergic asthma model was induced as pre-
viously described [22]. Briefly, mice were sensi-
tized on day O by intraperitoneal (i.p.) injection
of 20 pyg OVA (Grade V; Sigma, MO, USA)
absorbed in 2 mg of alum (Pierce, Rockford, IL,
USA) (200 pL/mouse). On day 14, mice were
sensitized a second time with 100 pg OVA. On
days 24, 26, and 28, mice were anesthetized
by i.p. injection of 0.1 mL of a mixture of 10 mg/
mL ketamine and 1 mg/mL xylazine diluted in
sterile phosphate-buffered saline (PBS) and
challenged with 200 ug OVA in 40 L of sterile
PBS by intratracheal instillation. The control
group received sterile PBS with alum i.p. on
days O and 14 and 40 uL of sterile PBS on days
24, 26, and 28 by intratracheal instillation. In
the IL-21 treatment group, mice were adminis-
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Figure 2. The concentration of IL-21 in the superna-
tants of BALF. Asthmatic mice were sacrificed within
24 h after the last challenge. BALF was collected and
the concentration of IL-21 was determined by ELISA.
Values represent mean + SD (n = 6 in each group).
**p < 0.005.

tered 20 ng of rmIL-21 (PeproTech, Rocky Hill,
NJ) intratracheally 30 min before challenge.

A nasal allergic model was used as a positive
control, and mice were treated as previously
described [20]. Briefly, mice were administered
100 pg OVA and 4 mg alum in saline i.p. at a
dosage of 0.2 mL/mouse. The sensitization
was repeated three times at weekly intervals
(days O, 7, and 14) followed by daily injections
of OVA solution (40 mg/mL in saline) into the
nostrils (0.02 mL/mouse) on days 21-28 (chal-
lenge). In the IL-21 treatment group, mice were
administered 20 ng of rmIL-21 intranasally 30
min before challenge (Figure 1).

Bronchoalveolar lavage and lung histopatho-
logic examination

Bronchoalveolar lavage was performed with
0.8 mL PBS three times. The lavage fluid was
centrifuged, and the supernatants were kept at
-80°C until used for cytokine measurements.
The cell pellets were resuspended in 0.5 mL of
PBS and used for total and differential cell
counts. The total number of cells in BALF was
counted by hemacytometer. Eosinophils, neu-
trophils, and macrophages were counted in
BALF using cytospins (centrifuged prepara-
tions) stained with Diff-Quik staining. A total of
200 cells in each sample were counted. Lungs
were then inflated with 0.8 mL 10% formalin,
fixed in 10% formalin for at least 24 h, dehy-
drated through a gradient ethanol, embedded
in paraffin, and the sagittal sections were cut at
a thickness of 5 um. Sections were stained with
hematoxylin and eosin.
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Enzyme-linked immunosorbent assay

Sera were collected from mice within 24 h after
the last challenge. Concentrations of IgE were
evaluated using an enzyme-linked immunosor-
bent assay (ELISA) kit (BioLegend, San Diego,
CA). Concentrations of IL-21 in the BALF were
measured by ELISA kits (R & D Systems, Minn-
eapolis, MN).

Statistical analysis

Data were expressed as mean + SD. Statistical
significance was assessed by one-way analysis
of variance followed by the Tukey’'s multiple
comparison test or the unpaired Student’s
t-test. Statistical significance was set at p <
0.05.

Results

BALF concentration of I-21 was decreased in
asthmatic mice

The concentration of IL-21 in the BALF was
determined by ELISA. IL-21 levels were
decreased in asthmatic mice (40.17 + 5.919
pg/mL) compared with those in normal mice
(102.7 + 14.44 pg/mL) (Figure 2).

Intranasal IL-21 administration alleviates
infiltration of eosinophils in nasal mucosa in
murine allergic rhinitis

To validate the effect of IL-21 as a positive con-
trol, we performed an experiment using an
allergic rhinitis model treated with IL-21 before
challenge as previously described [20].
Intranasal IL-21 administration decreased
eosinophilic infiltration of the nasal mucosa in
an OVA-induced murine allergic rhinitis model
(Figure 3).

Administration of IL.-21 did not ameliorate al-
lergic airway inflammation

Because the concentration of IL-21 in the BALF
was lower in asthmatic mice and the adminis-
tration of IL-21 decreased eosinophilic infiltra-
tion of nasal mucosa in allergic rhinitis, we
determined whether allergic airway inflamma-
tion could be improved by administration of
IL-21 before challenge. rmlL-21 was adminis-
tered intratracheally before each challenge as
in Figure 1A. Inflammation around the bron-
chus and vessels was not affected by the
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Figure 3. Histological examination of nasal mucosa. A: Nasal mucosa from the normal control group. B: Nasal
mucosa from the OVA-induced mice allergic rhinitis model. C: Nasal mucosa from the rmliL-21-treated group. Mice
were sensitized and challenged with the allergen with or without rmIL-21 administration before challenge. In rmlL-
21-treated mice, the infiltration of eosinophils in the nasal mucosa was decreased significantly compared with the
OVA sensitized/challenge group.
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Figure 4. Administration of IL-21 before challenge does not ameliorate OVA-induced peribronchial inflammation.
Lung sections were stained with hematoxylin and eosin for the measurement of inflammatory cells around the air-
ways. The extent of cellular infiltration of the peri-airway region at 24 h after the last OVA challenge was comparable
between the OVA sensitized/challenge group (B) and the IL-21-treated group (C). (A) Histologic section of lung from

the normal control group.

administration of IL-21 (Figure 4). After the last
challenge, mice were sacrificed and the lungs
were lavaged, cells were counted and a differ-
ential cell count was performed. There was no
significant change in the number of total cells,
macrophages, neutrophils, eosinophils, or lym-
phocytes between the asthmatic group and the
IL-21 administration group (Figure 5). Similarly,
there were no significant changes in sera IgE
levels between the groups with and without
treatment of rmIL-21 before challenge in asth-
matic mice (Figure 6).

Discussion

In the present study, we examined the effect of
IL-21 treatment on allergic asthmatic mice.
IL-21 had no effect on allergic airway inflamma-
tion in mice. During the challenge period, intra-
tracheally administration of IL-21 may not alle-
viate airway inflammation and sera IgE levels
were not affected.

3205

Conflicting data on the effects of IL-21 on aller-
gic inflammation in animal models of various
diseases have been reported. IL-21 receptor
deficiency inhibited allergic cutaneous inflam-
mation by suppressing the trafficking of cuta-
neous dendritic cells to draining lymph nodes in
a murine model of epicutaneous sensitization
using tape stripping [23]. And studies by
Frohlich A et al. [24] and Lajoie S et al. [25]
found that IL-21 may play roles in enhancing
allergic asthma in IL-21 receptor deficient mice
using OVA-induced allergic model and HDM
allergen-induced allergic mouse model respec-
tively. In contrast, IL-21 suppressed experimen-
tal allergic rhinitis by down-regulating Th2 cyto-
kines and preventing nasal fibroblasts from
producing eotaxins [20]. To validate the effect
of IL-21 as a positive control in our study, we
also used an allergic rhinitis model treated with
IL-21 before challenge. We found decreased
eosinophilic infiltration of the nasal mucosa.
These results illustrate that IL-21 levels were
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Figure 5. Administration of IL-21 does not decrease cell infiltration into the
BALF in OVA sensitized/challenge mice. Mice were treated with sensitization
and challenge protocols and lungs were lavaged after the last challenge. To-
tal cells were counted and a differential cell count was performed based on
staining with Diff-Quik. Compared with the OVA sensitized/challenge group,
significant differences in total cells and cell differential were not observed
in the IL-21-treated group. NC, negative control. OVA, OVA sensitization and
challenge group. OVA+IL-21, OVA sensitized/challenge and IL-21 treated be-

fore challenge (n = 6 in each group).
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Figure 6. IL-21 administration does not decrease
sera IgE levels in OVA sensitized/challenge mice.
Mice were treated with sensitization and challenge
protocols, and IL-21 was administered before each
challenge. Mice were sacrificed 24 h after the last
challenge, and the concentration of IgE in the sera
was evaluated by ELISA. Each value represents the
mean + SD of six mice in each group. ***p < 0.005
vs control group; ns, not significant.

lower in the asthma group compared with the
normal group, but the extent of inflammation
was not reduced by administration of IL-21,
suggesting that the function of IL-21 in the
pathogenesis of various diseases may be
different.
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proliferation, and survival of
both CD4+ T cells and B cells,
the functional activity of CD8+
T cells and NK cells, limits the
differentiation of inducible
regulatory T cells, and coun-
teracts their suppressive
properties on effector T cells
[26, 27]. IL-21 can also nega-
tively regulate the maturation
and function of dendritic cells

[28, 29]. As IgE may play a
nhoeyie] role in allergic disorders,
many studies have focused
on the influence of IL-21 on
IgE synthesis. However, these
reports also remain inconsis-
tent. Studies by Suto et al.
indicated that IL-21 down-reg-
ulated IL-4-dependent IgE
production from B cells but
did not affect Th2 cell differ-
entiation [30]. Caven et al.
found that IL-21 inhibited IgE production at high
cell concentrations, but only a modest enhance-
ment when using low cell input in vitro culture
systems [31]. IL-21 has been reported to have
pleiotropic effects on B cells in terms of cell
survival, proliferation, and differentiation in a
context-dependent fashion [19]. Studies also
revealed that IL-21 induced B-cell apoptosis
when combined with prostaglandin E2, while
IL-21 alone supported the viability of cultured
mouse B cells [32]. In this study, we found that
IL-21 had no effect on IgE production in vivo.
This may because of the differential effects of
IL-21 on B cells under different inflammatory
conditions.

In conclusion, this study showed that although
IL-21 levels were decreased in asthmatic mice,
exogenous administration of IL-21 may not alle-
viate allergic lung inflammation. Further
research may explore the function of IL-21 on
various cell types in asthmatic inflammation
and its association with other cytokines.
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