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Objective: The Mycobacterium bovis Bacillus Calmette-Guerin (BCG) neonatal vaccination inhibits allergy-
induced pathologic changes. However, the mechanisms underlying this process are unclear. This study
aimed to investigate the role of interferon (IFN)-vy and interleukin (IL)-17 in the protective effects of the
BCG neonatal vaccination on allergic pulmonary inflammation and airway hyperresponsiveness (AHR).

Methods: Wild type (WT)-neonate and IL-17 knock out (KO) neonate mice were vaccinated with BCG.
A murine asthma model was developed by sensitization and then challenging with ovalbumin (OVA).

f;e&/_m;ords: Recombinant IL-17 or recombinant IFN-y was delivered to the airway to overexpress IL-17 or IFN-vy. An
Asthma anti-IFN-y neutralizing antibody was used to block the effects of IFN-vy.

Mycobacterium bovis Bacillus Calmette— Results: We found exogenous IL-17 delivered to the airway reversed the anti-asthma effects of the neona-
Guerin tal BCG vaccination. BCG neonatal vaccination further reduced OVA-induced inflammation and AHR in

IL-17 IL-17 KO mice. Inhibition of IFN-vy in BCG neonatal vaccinated OVA-induced asthma model mice led to
a further reduction in airway inflammation and AHR. In addition, airway inflammation and AHR were
robust following treatment with exogenous IFN-vy. Neutralizing IL-17 was not sufficient to block OVA-
induced airway inflammation and AHR. In IL-17 KO mice, airway inflammation and AHR did not occur
following treatment with an anti-IFN-y neutralizing antibody.

Conclusions: In an OVA-induced murine asthma model, inhibition of IFN-y enhanced the anti-asthma
effects of BCG neonatal vaccination.
© 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Asthma is a complex disorder characterized by inflamma-
tion with eosinophil, lymphocyte and mast cell infiltration and
clinically manifests as recurrent episodes of wheezing and air-
way hyperresponsiveness (AHR) [1]. Asthma is described as a
Th2-mediated inflammatory response, and the balance between
the Th2 response and Th1l response has been thought to
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determine allergic airway inflammation. The “hygiene hypothesis”
confirms that the Bacillus Calmette-Guerin (BCG) neonatal vacci-
nation alleviates the symptoms of asthma in both animal models
and human beings by increasing the secretion of Th1 cytokines
[2-4].

However, there is increasing evidence of heterogeneity in
asthma phenotypes, with a significant proportion of asthmatic
patients demonstrating a low or non-Th2-mediated phenotype,
which may be less sensitive to glucocorticoid treatment [5,6].
Some asthma patients have been characterized by the pres-
ence of high levels of IFN-vy, IL-17, and neutrophils in the
lungs. These forms of asthma respond poorly to treatment with
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corticosteroids. Therefore, it is important to determine whether
BCG vaccination could prevent asthma, as well as determine the
underlying mechanisms with particular reference to IFN-y or IL-
17.

In a murine asthma model, neonatal BCG vaccination suppresses
the symptoms of asthma by down-regulating IL-17 [7]. Involve-
ment of IL-17 in AHR elevation and neutrophilia has been reported
[8,9]. In addition, a high concentration of IL-17 in biopsies from
neutrophilic asthma patients [9,10] and a correlation between IL-
17 levels with the incidence of AHR and the severity of disease
[11,12] have been reported. However, how BCG inhibits allergy-
induced pathologic changes remains controversial. In this study,
we aimed to investigate the role of IL-17 and IFN-vy on the anti-
asthma effect of neonatal BCG vaccination and the OVA-challenged
asthmatic symptoms.

2. Material and methods
2.1. Animals

Wild-type (WT) mice were purchased from the Laboratory Ani-
mal Center of Chongqing Medical University. Professor Bin Li of the
Third Military Medical University in Chongqing, China provided IL-
17 KO mice with a C57BL/6 background. These mice were housed
in a pathogen-free facility. We used mice neonates, and the exper-
imental protocols were in accordance with the guidelines issued
by the Chinese Council on Animal Care. The Ethics Committee of
the Chongqing Medical University of Medical Sciences in China
approved all of the animal procedures (ethics approval number:
2013004).

2.2. Immunization and treatment

Mice in the OVA group were sensitized, and their airways
were challenged with OVA. Mice in the control group were
sensitized and their airways were challenged with phosphate
buffer solution (PBS). Mice in the BCG+OVA group received
the BCG neonate vaccination, were sensitized, and their airways
were challenged with OVA. Mice in the BCG+OVA +anti-IFN-y
monoclonal antibody (mAb) group were vaccinated with BCG,
were sensitized, their airways were challenged with OVA, and
then they received anti-IFN-y mAb injections. Mice in the
OVA +anti-IFN-y mAb group were sensitized, their airways were
challenged with OVA, and then they received anti-IFN-y mAb
injections. Mice in the BCG+OVA+recombinant IL-17 (rIL-17)
group and BCG+OVA +recombinant IFN-y (rI[FN-y) group were
vaccinated with BCG, were sensitized, their airways were chal-
lenged with OVA, and then they received rIL-17 or rIFN-vy. The
number of experimental and control groups were at least 6
mice.

On day 1, mice in the BCG neonatal vaccination groups were
subcutaneously injected in the back with 20 wL of BCG [1 x 10°
colony-forming units (CFU)] using a 30-gauge needle and a tuber-
culin syringe. On day 28 and day 42, mice were sensitized by
intraperitoneal injection (i.p.) with 100 p.g OVA (Sigma) diluted in
50% aluminum hydroxide (Pierce) to a total volume of 200 p.L. To
induce asthma, mice were challenged from day 49 to day 55 by
exposure to 1% OVA aerosols in a Plexiglas exposure chamber for
30min/day. Mice treated with the IFN-y neutralizing mAb were
injected i.p. with an anti-IFN-y mAb (10 g alFN-vy; R&D Systems)
in 200 L PBS on days 48, 51, and 55 during the OVA challenge.
One day after the final OVA challenge, mice were euthanized. rIL-
17 (15ng in 60 pL ABS; R&D Systems) or rIFN-y was delivered
to the airway by tracheal instillation 12h after the last day of

OVA challenge (day 55). Then mice were euthanized on the next
day.

2.3. Bronchoalveolar lavage (BALF) and cell counting

BALF was collected 24 h after the final OVA challenge (day 55).
The total cell number in BALF was counted immediately upon col-
lection. The cell pellet was used to prepare slides for differential cell
counting. The number of monocytes, lymphocytes, neutrophils, and
eosinophils were counted using Wright’s-Giemsa stain in a blinded
fashion. Each slide had at least 200 cells.

2.4. Determination of AHR

AHR to methacholine (MCh) in conscious, spontaneously
breathing animals was measured by single-chamber, whole-
body plethysmography (Buxco Electronics Inc, Troy, NY, USA)
as described previously [13]. Briefly, mice were exposed
to aerosolized PBS (for the baseline measurement) or MCh
(3125-50mg/mL) for 3 min, and readings were taken and aver-
aged for 3min after each nebulization. Data are presented
as the Penh (enhanced pauses) vs. the MCh concentration
(mg/mL) used to generate the aerosol. Penh is a dimensionless
value that represents a function of the ratio of peak expi-
ratory flow to peak inspiratory flow and a function of the
timing of expiration. It correlates with pulmonary airflow resis-
tance.

2.5. Histopathology

Formalin-fixed lungs were embedded in paraffin, sectioned in
6 pm thick slices, and stained with hematoxylin and eosin for rou-
tine histology. Lung lesions were scored semi-quantitatively as
described by other researchers [10].

2.6. Cytokine analysis

Cytokine concentrations in BALF were measured with commer-
cial enzyme-linked immunosorbent assay (ELISA) kits according
to the manufacturer’s instructions. Murine IFN-y ELISA Kkits, IL-
10 ELISA kits and IL-12 ELISA kits were purchased from Bender
MedSystems (Vienna, Austria). Murine IL-13 ELISA kits and IL-23
ELISA kits were purchased from R&D Systems (Minneapolis, MN
USA).

2.7. Statistical analysis

All results are expressed as mean + SEM. Analysis of variance
(ANOVA) was used to determine significant differences between
groups. Groups were compared with unpaired t-tests. P<0.05 was
considered statistically significant.

3. Results

3.1. Exogenous rIL-17 reversed the anti-asthma effects following
neonatal BCG vaccination

We first investigated the anti-asthma effect of BCG neonatal
vaccination in an OVA-induced asthma model treated with rIL-17
Compared with the control group, more inflammatory cells were
observed in the BALF of mice in the WT BCG +OVA +rIL-17 group
(Fig. 1A). Histologic analyses demonstrated remarkable differences
in cellular infiltration into the lung between the two groups. Mice
in the WT BCG +OVA +1IL-17 group displayed significantly more
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Fig. 1. Exogenous rIL-17 reversed the anti-asthma effects of neonatal BCG vaccination. (A) The number of total cells and inflammatory cells were dramatically elevated in
OVA sensitized and challenged mice that received BCG neonatal vaccination and riL-17 delivered to the airway than that in the control mice. BALF samples were collected 24 h
after the final challenge, and then inflammatory cells were counted using Wright's-Giemsa staining. (A1) Total cells in BALF; (A2) lymphocytes, neutrophils and eosinophils in
BALF. Data are expressed as the mean + SEM of the number of cells in each group of mice. *P<0.05 vs. each other. (B) Tissue pathology in the four groups of mice. Twenty-four
hours after the final challenge, mouse lung tissue sections were stained with hematoxylin and eosin (HE). Data are representative of each group of mice. (B1) Representative
photomicrographs of lung stained with HE (magnification: 100x); (B2) histological scores of pulmonary peribronchiolitis, perivasculitis and alveolitis. Data are expressed
as mean score £+ SEM of each group. *P<0.05 vs. each other. (C) Exogenous rIL-17 reversed the suppression of AHR by neonatal BCG vaccination. Twenty-four hours after
the final challenge, AHR (Penh) in response to increased doses of nebulized MCh was assessed by a whole-body plethysmograph in the experimental groups and negative
control mice injected with saline. Data are presented as the mean + SEM. *P<0.05 control group vs. BCG + OVA +rIL-17 group. The number of mice in control group was 8.
The number of mice in OVA group was 8. The number of mice in BCG + OVA group was 8. The number of mice in BCG + OVA +rIL-17 group was 6.
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Fig. 2. BCG neonatal vaccination further reduced OVA-induced inflammation and AHR in IL-17 KO mice asthma model. (A) Neonatal BCG vaccination further reduced OVA-
induced inflammation in BALF in IL-17 KO mice, while exogenous rIFN-vy reversed the effect. (A1) Total cells in BALF; (A2) lymphocytes, neutrophils and eosinophils in BALF.
Data are expressed as the mean + SEM of the number of cells in each group of mice. *P<0.05 vs. each other. (B) Neonatal BCG vaccination further reduced OVA-induced
tissue inflammation in IL-17 KO mice, while exogenous rIFN-y reversed the effect. (B1) Representative photomicrographs of lung stained with HE (magnification 100x);
(B2) histological scores of pulmonary perivasculitis, peribronchiolitis, alveolitis. *P<0.05 vs. each other. (C) Neonatal BCG vaccination further reduced OVA-induced AHR in
IL-17 KO mice, while exogenous rIFN-y reversed the effect. Data are presented as the mean & SEM. *P<0.05 IL-17 KO BCG + OVA group vs. IL-17 KO BCG + OVA + rIFN-y group.
(D) IFN-y levels were significantly decreased in IL-17 KO mice that received neonatal BCG vaccination when compared to IL-17 KO mice. Cytokine levels were measured by
ELISA. The data represent means + SEM. *P<0.05 vs. each other. The number of mice in control group was 8. The number of mice in OVA group was 8. The number of mice in
IL-17 KO OVA group was 8. The number of mice in IL-17 KO BCG + OVA group was 8. The number of mice in IL-17 KO BCG + OVA + rIFN-y group was 6.
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alveolar, peribronchial and perivascular cellular infiltration than
that in the control group (Fig. 1B). In addition, Penh values in
mice in the WT BCG + OVA +rIL-17 group were significantly higher
than that of the control group in response to MCh exposure
(125-50 mg/mL) (Fig. 1C). These findings indicated that exogenous
IL-17 reversed the anti-asthma effects of neonatal BCG vaccination
OVA-induced asthmatic mice.

3.2. BCG neonatal vaccination further reduced OVA-induced
inflammation and AHR in IL-17 KO mice through decreasing IFN-y

Although neonatal BCG vaccination had anti-asthma effects in
OVA-induced asthmatic mice, it was not clear whether the effects
were dependent on IL-17 down-regulation. Compared with the
control group, inflammatory cells were increased in mice in the WT
OVA group and the IL-17 KO OVA group following OVA treatment
(Fig. 2A) while the number of inflammatory cells was decreased
in BALF of mice in the IL-17 KO BCG + OVA group when compared
to mice in the IL-17 KO OVA group. In the WT OVA group and
IL-17 KO OVA group, airway sensitization and challenge led to
dense peribronchiolar and perivascular infiltratration of inflam-
matory cells (Fig. 2B). In the IL-17 KO BCG+OVA group, tissue
inflammation was greatly reduced, with significantly less peri-
bronchial and perivascular cellular infiltration, than that in the
IL-17 KO OVA group (Fig. 2B). Fig. 2C demonstrates the response
to different doses of aerosolized MCh. The Penh values of the
WT OVA group gradually increased with elevated concentrations
of MCh, whereas the Penh values of mice in the IL-17 KO OVA
group increased at a concentration of 50 mg/mL. The Penh val-
ues in the IL-17 KO BCG+OVA group were significantly lower
than that of the mice in the IL-17 KO OVA group in response to
a MCh concentration of 50 mg/mL (Fig. 2C). These results demon-
strated that without IL-17, OVA still induced airway inflammation
and AHR in mice, but BCG neonatal vaccination still results in
reduced airway inflammation and AHR in OVA-induced asthmatic
mice.

Further, to investigate the factors contributing to the anti-
asthma effects of BCG neonatal vaccination in IL-17 KO mice,
we evaluated the levels of proinflammatory cytokines, includ-
ing IFN-vy, IL-12, IL-13, IL-23 and IL-10. Interestingly, only the
levels of IFN-y were significantly decreased in the IL-17 KO
BCG+OVA group when compared with mice in the IL-17 KO
OVA group (Fig. 2D). This finding indicated that BCG neonatal
vaccination suppressed AHR by down-regulating IFN-vy lev-
els.

To further confirm this finding, exogenous rIFN-y was delivered
to the airway of mice in the IL-17 KO BCG+OVA group. Com-
pared with the control group, the number of inflammatory cells
was increased in BALF of mice in the IL-17 KO BCG + OVA + rI[FN-y
group (Fig. 2A). Consistently, in the IL-17 KO BCG + OVA +rIFN-y
group, tissue inflammation was greatly elevated, with signifi-
cantly more peribronchial cellular infiltration, than that in the
control group (Fig. 2B). Similarly, the Penh values in the IL-17 KO
BCG + OVA +rIFN-vy group were significantly higher than that of the
IL-17 KO BCG+OVA group in response to MCh (125-50 mg/mL)
(Fig. 2C). These findings suggested that without IL-17, exogenous
rIFN-vy induced airway inflammation and AHR in neonatal BCG vac-
cinated mice.

3.3. Neutralization of IFN-y increases the anti-asthma effects of
BCG neonatal vaccination

Next, we investigated whether the inhibition of IFN-y in
BCG neonatal vaccinated asthmatic mice could eliminate

airway inflammation and AHR more effectively. Com-
pared with the BALF of the WT OVA group, the number of
inflammatory cells was dramatically reduced in the WT
BCG+OVA +anti-IFN-y mAb group (Fig. 3A). In the WT OVA
group, airway sensitization and challenge led to a dense peri-
bronchiolar and perivascular inflammatory infiltrate while in
the WT BCG +OVA +anti-IFN-y mAb group, tissue inflammation
was greatly reduced (Fig. 3B), with significantly less alveolar,
peribronchiolar and perivascular cellular infiltration.

Fig. 3C shows the response to different doses of aerosolized MCh
(25-50 mg/mL). The Penh values in the WT BCG + OVA + anti-IFN-y
mAD group were significantly lower than that of the WT BCG + OVA
group.

Taken together, these data indicated that neutralization of [FN-y
increased the anti-asthma effects of BCG neonatal vaccination.

3.4. Inhibition of IFN-y reduced airway inflammation and AHR in
IL-17 KO asthmatic mice

To further confirm the role of IFN-y in OVA-induced airway
inflammation and AHR, we evaluated the airway inflammation and
AHR in IL-17 KO asthmatic mice after neutralization of IFN-y with
an anti-IFN-y mAb.

Compared with the control group, the number of inflammatory
cells was increased in BALF of mice in the IL-17 KO OVA group
(Fig. 4A). In contrast, there were less inflammatory cells in BALF of
mice in the IL-17 KO OVA + anti-IFN-y mAb group (Fig. 4A). In the IL-
17 KO OVA group, airway sensitization and challenge led to a dense
peribronchiolar and perivascular inflammatory infiltrate (Fig. 4B).
In the IL-17 KO OVA +anti-IFN-y mAb group, tissue inflammation
was not observed (Fig. 4B).

Fig. 4C demonstrates the response to different doses of
aerosolized MCh. The Penh values of mice in the IL-17 KO OVA
group gradually increased with elevated concentrations of MCh,
whereas the Penh values of mice in the IL-17 KO OVA +anti-
IFN-y mAb group were not significantly increased. These findings
demonstrated that IFN-vy played an important role in OVA-induced
airway inflammation and AHR.

4. Discussion

IL-17 plays a critical role in inducing airway inflammation.
In asthmatic patients, IL-17 expression is increased in sputum,
lung cells, BALF, and peripheral blood [14,15]. The up-regulation
of IL-17 mRNA levels in the airways of asthmatic mice further
provides evidence for the involvement of IL-17 in the pathogen-
esis of asthma [16]. It has been previously shown that neonatal
BCG vaccination suppresses the symptoms of asthma and is asso-
ciated with reduced levels of IL-17 in BALF [7]. In addition, it
has been shown that extended freeze-drying cycles of BCG sig-
nificantly decreased the levels of neutrophils, IL-17, and retinoic
acid receptor-related orphan receptor-yt [17]. Consistent with
these findings, our present study showed that knocking out IL-17
reduced AHR and significantly suppressed airway inflammation.
In contrast, when exogenous IL-17 was delivered to the airway,
the anti-asthma effects following neonatal BCG vaccination were
reversed. These findings suggest that IL-17 plays a pivotal role in
airway inflammation and AHR and that the anti-asthma effects
of BCG neonatal vaccination occur via the down-regulation of IL-
17.

Using an OVA-induced animal model, previous studies have
shown that IL-17 deficient mice or mice treated with an IL-17 neu-
tralization antibody still exhibited AHR [15,18,19]. Consistently, in
our model, following OVA sensitization and challenge, IL-17 KO



Y. Deng et al. / Vaccine 32 (2014) 2070-2078 2075

Al A2

* *
* *
- 150+
B 3 control
500 El OVA
3 BCG+OVA

3

[ BCG+OVA+anti-IFN-y Ab

control OVA BCG+OVA BCG+OVA
+antFN-y Ab

Total cells in BALF (x 10%/ml)
(23
o
(=]

Lymphocytes Neutrophils Eosinophils

B(‘()'()\';\..

3 control

Hl OVA

= BCG+OVA

[ BCG+OVA+anti-IFN-y Ab

Histological score

[ y P Y pul 4
perivascular peribroncholitis alveolitis

£ control
< OVA
8+ =& BCG+OVA
V BCG+OVAt+ant-IFN-y Ab

Penh
&

0.000 3.125 6.250 12.500 25.000 50.000
Methacholine concentration (mg/ml)

o

Fig. 3. Neutralization of [FN-y improved the anti-asthma effects following BCG neonatal vaccination. (A) The number of total cells and inflammatory cells were reduced in
BCG neonatal vaccinated asthmatic mice treated with an anti-IFN-y mAb. (A1) Total cells in BALF; (A2) lymphocytes, neutrophils and eosinophils in BALF. Data are expressed
as the mean £ SEM. *P<0.05 vs. each other. (B) Tissue inflammation was suppressed in BCG neonatal vaccinated asthmatic mice treated with an anti-IFN-y mAb. (B1)
Representative photomicrographs of lung stained with HE (magnification: 100x ); (B2) histological scores of pulmonary peribronchiolitis, perivasculitis and alveolitis. Data
are expressed as mean score & SEM. *P<0.05 vs. each other. (C) OVA-induced AHR was further suppressed in BCG neonatal vaccinated mice treated with an anti-IFN-y mAb.
Data are presented as the mean + SEM. *P<0.05 BCG + OVA group +anti-IFN-y Ab vs. BCG + OVA group and control group vs. BCG + OVA group. The number of mice in control
group was 8. The number of mice in OVA group was 8. The number of mice in BCG + OVA group was 8. The number of mice in BCG + OVA +anti-IFN-y Ab group was 6.



2076 Y. Deng et al. / Vaccine 32 (2014) 2070-2078

>

A2

g
*
*

3 IL-17 KO control
3 IL-17 KOOVA
3 IL-17 KO OVA+an-ilIFN-y Ab

g

g

-

LA7KO IL17KO IL47KOOVA
control VA  +antidPNy

Total cells in BALF (x 10%/ml)

o

Lymphocytes Neutrophils  Eosinophils

JIL-17KO OVA+anti-IFN-y

B2
* %
209 * % —_—
3 IL-17 KO contro!
o 15 B3 IL-17 KO OVA
g 3 IL-17 KO OVA*anti IFN- y Ab
ﬁ 1.0
g
]
2 0.54
X
0.0-
pull Yy pul y  pul 4
perivascular peribroncholitis alveolitis

£ IL-17 KO control
- IL-17 KOOVA

57 2 IL-17KOOVAHFNy Ab %
4_
. *
= *
o 2
1-

0
0.000 3.125 6.250 12.500 25.000 50.000
Methacholine concentration (mg/ml)

Fig.4. Inhibition of IFN-y reduced airway inflammation and AHR in IL-17 KO asthmatic mice. (A) The number of total cells and inflammatory cells were not increased in IL-17
KO asthmatic mice treated with an [IFN-y mAb. (A1) Total cells in BALF; (A2) lymphocytes, neutrophils and eosinophils in BALF. Data are expressed as the mean + SEM. *P<0.05
vs. each other. (B) Tissue inflammation was not observed in IL-17 KO asthmatic mice treated with an IFN-y mAb. (B1) Representative photomicrographs of lung stained with
HE (magnification: 100x); (B2) histological scores of pulmonary peribronchiolitis, perivasculitis and alveolitis. BCG vaccination decreased peribronchial, perivascular and
alveolitis inflammation. Data are expressed as mean score + SEM. *P<0.05 vs. each other. (C) AHR was not observed in IL-17 KO asthmatic mice treated with an anti-IFN-y
mADb. Data are presented as the mean + SEM. *P<0.05 IL-17 KO OVA +anti-IFN-y Ab group vs. IL-17 KO OVA group. The number of mice in control group was 8. The number
of mice in IL-17 KO OVA group was 8. The number of mice in IL-17 KO OVA +anti-IFN-y Ab group was 6.



Y. Deng et al. / Vaccine 32 (2014) 2070-2078 2077

mice exhibited AHR. So some additional factors contribute to OVA
induced airway inflammation and AHR. In this study, we found
that following inhibition of IL-17, IFN-y presented as a mediator
in inducing airway inflammation and AHR in OVA-induced asth-
matic mice. Although cellular responses mediated by Th2-type
cytokines or Th17-type cytokines are generally attenuated by Th1-
type cytokines, studies have suggested that IFN-y is not always
protective but rather pathogenic for the development of asthma
in some cases [20,21]. In addition, several studies have shown
that increased IFN-vy levels are involved in the inflammatory pro-
cess of asthma [20,22,23]. In a study by Kim, lung-targeted IFN-y
over-expression contributed to AHR and inflammation, while AHR
significantly decreased in OVA-challenged IFN-y-deficient mice
[24]. Furthermore, Haapakoski et al. demonstrated that IFN-vy-
mediated AHR was diminished following treatment with a soluble
IFN-vy neutralizing mAb in a murine model [25]. We also found
[FN-y KO mice could not develop asthma model by OVA sensi-
tization and challenge (data not shown). So it is possible that
IFN-y presents both pro-asthma and anti-asthma effects in dif-
ferent situations. In this study, inhibition of IFN-y in IL-17 KO
asthmatic mice or neonatal BCG vaccinated asthmatic mice did
not induce airway inflammation and AHR. These results indi-
cated that when IL-17-mediated airway inflammation and AHR
was inhibited by neonatal BCG vaccination in OVA-induced asth-
matic mice, IFN-y played a pathogenic role in the development
of asthma. In addition, our data indicated that in a low-level
IL-17 environment, neonatal BCG vaccination had potent suppres-
sive effects on IFN-y-mediated airway inflammation and AHR.
Our data provide explanations for why anti-asthma effect of
neonatal BCG vaccination are not always complete as observed
in a previous study [7]. Firstly neonatal BCG vaccination inhib-
ited IL-17 level while IFN-vy level was not influenced and then
IFN-y played a pathogenic role in the development of asthma
instead.

5. Conclusions

In conclusion, inhibition of IFN-vy, enhanced the anti-asthma
effects of BCG neonatal vaccination in an OVA-induced murine
asthma model. IL-17 was important for the development of air-
way inflammation and AHR. However, in the absence of IL-17, IFN-y
plays animportant role in the development of airway inflammation
and AHR. New treatments for asthma are highly specific and may
only influence a single pathogenetic aspect of the disease. Thus,
these treatments may have a minor clinical impact [26]. In con-
trast, neonatal BCG vaccination exerts its effects through combined
mechanisms simultaneously: (1) an immunoregulatory effect on
IL-17-mediated airway inflammation and AHR; and (2) modify-
ing IFN-y in the absence of IL-17. The neonatal BCG vaccination
appears to be an effective immunotherapeutic strategy for asthma
in humans.
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