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Background/Aims: The co-occurrence of obesity aggravates asthma symptoms. 
Diet-induced obesity increases helper T cell (TH) 17 cell differentiation in adipose 
tissue and the spleen. The 3-hydroxy-3-methylglutaryl-coenzyme A reductase 
inhibitor pravastatin can potentially be used to treat asthma in obese patients by 
inhibiting interleukin 17 (IL-17) expression. This study investigated the combined 
effects of pravastatin and anti-IL-17 antibody treatment on allergic inflammation 
in a mouse model of obesity-related asthma.
Methods: High-fat diet (HFD)-induced obesity was induced in C57BL/6 mice with 
or without ovalbumin (OVA) sensitization and challenge. Mice were administered 
the anti-IL-17 antibody, pravastatin, or both, and pathophysiological and immu-
nological re sponses were analyzed.
Results: HFD exacerbated allergic airway inflammation in the bronchoalveolar 
lavage fluid of HFD-OVA mice as compared to OVA mice. Blockading of the IL-17 
in the HFD-OVA mice decreased airway hyper-responsiveness (AHR) and airway 
inflammation compared to the HFD-OVA mice. Moreover, the administration of 
the anti-IL-17 antibody decreased the leptin/adiponectin ratio in the HFD-OVA 
but not the OVA mice. Co-administration of pravastatin and anti-IL-17 inhibited 
airway inflamma tion and AHR, decreased goblet cell numbers, and increased ad-
ipokine levels in obese asthmatic mice.
Conclusions: These results suggest that the IL-17–leptin/adiponectin axis plays a 
key role in airway inflammation in obesity-related asthma. Our findings suggest 
a potential new treatment for IL-17 as a target that may benefit obesity-related 
asthma patients who respond poorly to typical asthma medications.
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Effect of the anti-IL-17 antibody on allergic  
inflammation in an obesity-related asthma model 
Lin Liang, Jung Hur, Ji Young Kang, Chin Kook Rhee, Young Kyoon Kim, and Sook Young Lee

INTRODUCTION

Obesity is associated with a chronic inflammatory re-
sponse, including abnormal adipokine secretion and ac-
tivation of various proinflammatory signaling pathways 
[1]. These inflammatory processes have a risk factor for 
obesity and its comorbidities, such as insulin resistance, 
type 2 diabetes, and cardiovascular diseases [1].

Asthma is a chronic inflammatory condition char-

acterized by airway hyper-responsiveness (AHR) and 
reversible airflow obstruction [2]. Recent evidence sug-
gests that obesity is a risk factor for asthma [3] since it 
heightens inflammation in the lungs and thereby de-
creases pulmonary functional volume [4]. In addition, 
airway caliber is reduced as body mass index increases 
[5]. Some animal studies have shown that obesity aggra-
vates preexisting asthma by enhancing eosinophilic in-
flammation and AHR independent of ovalbumin (OVA) 
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sensitization in a mouse model [6,7]. Asthma patients 
who are obese respond poorly to typical asthma medi-
cations such as corticosteroids [8]. Weight loss and bar-
iatric surgery do not always improve AHR in obese asth-
matic patients with allergic (helper T cell [TH] 2) airway 
inflammation [9]. Hence, asthma accompanied by both 
an allergic phenotype and obesity might be associated 
with extra complications.

Diet-induced obesity increases TH17 differentiation in 
adipose tissue and the spleen [10]. Interleukin 17 (IL-17) 
released by TH17 cells in the spleen stimulates innate 
lymphoid cell 3 (ILC-3) in the lungs in obese individuals 
[10]. Obesity is also associated with increased levels of 
proinflammatory cytokines in adipose tissue, including 
tumor necrosis factor-α, IL-6, and IL-1β [11]. IL-1β pro-
duces IL-17 release from ILC-3, promoting airway reac-
tivity in obesity-related asthma [12]. Moreover, IL-17 can 
directly cause AHR by acting on airway smooth muscle 
cells and inducing neutrophil inflammation in severe 
asthma [13,14]. As a common factor in both asthma and 
obesity, IL-17 might be an appropriate therapeutic target 
for the treatment of obesity-related asthma.

Statins inhibit 3-hydroxy-3-methylglutaryl-coenzyme 
A reeducates to suppress cholesterol biosynthesis and 
are primarily used for the treatment of obesity-related 
dyslipidemia and the prevention of cardiovascular dis-
ease [15]. It has been suggested that statins can be used 
to treat autoimmune disease based on the finding that 
these drugs inhibit TH17 differentiation [16]. Specifical-
ly, statins alter the TH1/TH2 balance and decrease IL-17 
levels [17,18]. Animal studies have shown that pravastatin 
suppresses OVA-induced airway inflammation by reduc-
ing TH2 cytokine levels and IL-17 production [18]. These 
observations suggest that attenuating systemic inflam-
mation with statins could benefit obese asthma patients.

To test this hypothesis, the present study investigated 
the effects of treatment with pravastatin and an anti-IL-
17A antibody in a mouse model of obesity-related asthma. 

METHODS

Mice and diet
Female C57BL/6 mice (4 weeks old; Orient Bio, Seongnam, 
Korea) were used for experi ments. Mice were fed standard 
chow (2018, Harlan Laboratories, Indianapolis, IN, USA) or 

were placed on a high-fat diet (HFD) (D12492, Harlan Lab-
oratories), in which fat accounted for 60% of the total cal-
ories, for 12 consecutive weeks. Body weight was recorded 
weekly. Animal experiments were approved by the Insti-
tutional Animal Care and Use Committees of the Catholic 
University of Korea (approval no. CUMC-2016-0117-02).

Sensitization and antigen challenge
Lean and obese mice were immunized at weeks 9 and 
10 by subcutaneous injection of 25 μg OVA grade V 
(Sigma-Aldrich, St. Louis, MO, USA) adsorbed to 1 mg 
aluminum hydroxide (Aldrich, Milwaukee, WI, USA) in 
200 μL normal saline. Two weeks later (i.e., at week 12), 
OVA (20 μg/50 μL in phosphate-buffered saline [PBS]) 
was intranasally administered 3 consecutive times under 
isoflurane anesthesia (Vedco, St. Joseph, MO, USA). Age- 
and sex-matched control mice were administered PBS 
in the same manner. Mice were sacrificed 24 hours after 
the final OVA challenge, and bronchoalveolar lavage flu-
id (BALF) and lung tissue were collected.

Anti-IL-17 antibody and pravastatin treatment
Mice were administered pravastatin (Cayman, Ann Ar-
bor, MI, USA; 10 mg/kg) by intraperitoneal injection 
twice during weeks 9 and 10 and daily during week 12. 
To neutralize IL-17A, mice were treated with the an-
ti-mouse IL-17A monoclonal antibody (R&D Systems, 
Minneapolis, MN, USA; 50 μg) by intraperitoneal injec-
tion twice during weeks 9 and 10 and three times during 
week 12. Mice were sacrificed after the last OVA chal-
lenge and administration of the final dose of pravasta-
tin/anti-IL-17 antibody.

Measurement of AHR
The FlexiVent system was used to assess AHR (SCIREQ, 
Montreal, QC, Canada). To determine baseline airway 
respiratory resistance (Rrs) values, mice were exposed to 
nebulized PBS for 3 minutes, followed by progressive ex-
posure to 6.25, 12.5, 25, and 50 mg/mL nebulized metha-
choline (Sigma-Aldrich) using an aerosonic ultrasonic 
nebulizer (DeVilbiss, Somerset, PA, USA). Each test last-
ed for 3 minutes, and average Rrs values were calculated 
to determine methacholine concentration.

BALF
Prior to thoracotomy, mice were anesthetized by intra-
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peritoneal injection. A silicone tube connected to an 
800-μL tuberculin injector with a 23-gauge needle was 
inserted into the trachea, and 1.2 mL sterile PBS was 
delivered into the right lung. The recovered BALF was 
centrifuged for 7 minutes at 353 ×g and 4°C, and the su-
pernatant was stored at −70°C. A LUNA automated cell 
counter (Logos Biosystems, Annandale, VA, USA) was 
used to determine total cell number in the BALF. After 
dilution to 1 × 106 cells/mL, 50-μL aliquots of BALF were 
transferred to microscope slides and centrifuged for 5 
minutes at 43 ×g and stained with Diff-Quick (Sysmax, 
Kobe, Japan). The percentages of macrophages, eosin-
ophils, lymphocytes, and neutrophils in the BALF were 
determined by counting 500 leukocytes in randomly se-
lected fields under a light microscope.

Enzyme-linked immunosorbent assay
IL-4, IL-5, IL-13, and IL-17A, adiponectin, and leptin 
concentrations in the BALF were estimated by en-
zyme-linked immunosorbent assay (ELISA) using com-
mercial kits (R&D Systems).

Histopathology
The left lung was filled with 4% paraformaldehyde 
solution and embedded in paraffin. Lung sections were 
stained with hematoxylin and eosin (H&E) to assess tis-
sue inflammation, and with periodic acid-Schiff (PAS) to 
identify goblet cell hyperplasia and submucosal gland 
hypertrophy.

Statistical analysis
Data were analyzed using Prism software (GraphPad 
Inc., San Diego, CA, USA). Changes in AHR and body 
weight were evaluated by two-way analysis of variance 
(ANOVA) and a Bonferroni post hoc test, whereas differ-
ences between other variables were compared by one-
way ANOVA and a Bonferroni post hoc test. A p < 0.05 was 
considered statistically significant.

RESULTS

HFD induces obesity and changes in adipokine 
levels in an asthma model
Wild-type mice were fed HFD for 12 weeks, starting at 4 
weeks of age. The gross appearance and volume of ad-

ipose tissue differed between the HFD-OVA and stan-
dard-diet groups, although the lung tissue was similar 
(Fig. 1A). HFD-OVA induced significant weight gain as 
compared to mice fed standard chow (Fig. 1B). We com-
pared adipokine levels in obese and non-obese asth-
matic mice and found that animals in the HFD-OVA 
group had higher leptin levels than controls. Leptin 
levels differed significantly between the HFD-OVA and 
OVA groups, whereas adiponectin levels were reduced 
in the HFD and HFD-OVA groups, with lower levels in 
the HFD-OVA than in the OVA group. Accordingly, the 
leptin/adiponectin ratio was higher in the HFD-OVA 
than in the OVA and control groups (Fig. 1C). These re-
sults confirm that HFD caused obesity in a mouse mod-
el of asthma induced by OVA. Moreover, HFD-induced 
obesity was associated with increased leptin levels in 
asthmatic mice.

Obesity causes pathophysiological changes in an 
asthma model
To determine whether obesity exacerbates asthma, mice 
in the HFD-OVA group were subjected to OVA sensiti-
zation. Mice treated with OVA and fed standard chow or 
HFD showed resistance to methacholine but did not ex-
hibit any obvious differences in AHR. However, mice in 
the HFD group showed slightly increased AHR relative 
to controls (Fig. 2A). We also found that total cell counts, 
as well as the number of macrophages, eosinophils, neu-
trophils, and lymphocytes, in the BALF were elevated in 
the OVA and HFD-OVA groups. Interestingly, total cell 
number and macrophage and eosinophil counts in the 
BALF were higher in the HFD-OVA than in the OVA 
group. In contrast, no differences were observed be-
tween the HFD and control groups (Fig. 2B).

A histopathological analysis of lung tissue revealed 
that compared to control animals, eosinophilic in-
flammation was increased in the OVA and HFD-OVA 
groups, with a higher degree of inflammation detected 
in the latter by H&E staining. There was no eosinophilic 
inflammation in HFD mice relative to controls (Fig. 2C).

Pathological changes in the lungs of asthmatic an-
imals were investigated by evaluating goblet cell hy-
perplasia in the peribronchiolar area. Hyperplasia was 
detected in OVA and HFD-OVA mice as compared to 
the control, with no difference between the former 
two groups. Moreover, HFD did not induce goblet cell 

www.kjim.org


1213

Liang L, et al. Anti-IL-17 antibody in obese asthma

www.kjim.orghttps://doi.org/10.3904/kjim.2017.207

proliferation, as determined by PAS staining (Fig. 2C). 
Collectively, obese asthmatic animals showed the dis-
tinctive asthmatic features of airway inflammation un-
like non-obese asthmatic animals, whereas there was 
no difference between HFD and control mice. Thus, we 
asked what factors worsen the inflammatory response in 
obesity-related asthma?

Obesity exacerbates airway inflammation by in-
creasing TH2 and TH17 cytokine levels
Previous studies have shown that the level of the proin-
flammatory cytokine IL-17 was elevated in obesity-re-
lated asthma, causing AHR by directly acting on airway 
smooth muscle cells [19]. We hypothesized that IL-17 
induced airway inflammation in obese asthmatic mice. 
Notably, levels of TH2 and TH17 cytokines (including IL-
4, IL-5, IL-13, and IL-17) were increased in the OVA and 
HFD-OVA groups (Fig. 3). Moreover, IL-4, IL-5, and IL-17 

levels were higher in the latter than in the former (Fig. 
3A, 3B, and 3D). However, there were no differences in 
IL-13 levels between the two groups (Fig. 3C). In contrast, 
IL-4, IL-5, IL-13, and IL-17 levels in the HFD group were 
similar to those in control mice (Fig. 3).

Anti-IL-17 antibody treatment alleviates AHR and 
airway inflammation in obesity-related asthma
TH17-mediated immunity is critical for inflammation 
in adipose tissue associated with obesity [20]. To inves-
tigate the role of IL-17 in obesity-related asthma, the 
protein was blocked by the administration of the an-
ti-IL-17 antibody before the first OVA sensitization. This 
resulted in AHR in the OVA and HFD-OVA groups, as 
evidenced by a decrease in the Rrs value relative to un-
treated obese and non-obese mice with asthma (Fig. 4A). 
In addition, IL-17 blockade suppressed inflammatory 
cell infiltration, including total cells, macrophages, and 
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Figure 1. High-fat diet (HFD)-induced obesity and changes in adipokine levels in a mouse model of asthma. Mice were fed 
standard chow or HFD for 12 weeks. (A) Representative images of mice and organs. (B) Body weight in mice on a normal diet or 
HFD. (C) Leptin and adiponectin levels and leptin/adiponectin ratio in the bronchoalveolar lavage fluid as determined by en-
zyme-linked immunosorbent assay. Results are expressed as mean ± SEM (n = 5 to 7 per group). CON, control; OVA, ovalbumin. 
ap < 0.05, bp < 0.01, cp < 0.001 vs. CON group, and dp < 0.05, ep < 0.001 vs. OVA group.
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eosinophils, in the HFD-OVA group (Fig. 4B). In con-
trast, anti-IL-17 antibody treatment increased total cell 
and eosinophil counts in the OVA group. A microscopic 
examination of lung tissue revealed that IL-17 blockade 
decreased and increased inflammatory cell infiltration 
in the HFD-OVA and OVA groups, respectively, as de-
termined by H&E staining (Fig. 4C) and decreased the 
number of goblet cells in both groups, as determined by 
PAS staining. These data suggest that IL-17 reduces pul-
monary function by exacerbating airway inflammation 

in obese asthmatic mice.

IL-17 blockade suppresses TH2 cytokines and im-
proves adipokine levels in obesity-related asthma
Given the observation that IL-17 positively regulates air-
way inflammation in HFD-OVA mice, we examined the 
effect of IL-17 neutralization on the levels of TH2-type 
cytokines and adipokines. IL-17 blockade decreased and 
increased IL-4, IL-5, and IL-13 levels in the HFD-OVA 
and OVA groups, respectively (Fig. 5A-5C). The leptin 
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level increased in HFD-OVA as compared to control 
mice; this effect was partly reversed by anti-IL-17 anti-
body treatment. There were no differences in leptin lev-
els between the OVA and OVA + anti-IL-17 groups (Fig. 
5D). IL-17 blockade increased adiponectin levels in the 
HFD-OVA group but had no effect in the OVA group 
(Fig. 5E). HFD-OVA mice had a higher mean leptin/
adiponectin ratio than OVA and control mice, with no 
difference observed between the latter two groups. Ad-
ministration of the anti-IL-17 antibody decreased the 
ratio in the HFD-OVA but not the OVA group (Fig. 5F). 
These data revealed that IL-17 plays a regulatory role of 
leptin/adiponectin ratio in obese asthma. Furthermore, 
its regulatory functions exacerbate uncontrolled asth-
matic features in obese asthma patients compared with 
non-obese asthma patients.

Pravastatin and anti-IL-17 antibody treatment im-
proves AHR and airway inflammation in obesity-re-
lated asthma
We next investigated whether pravastatin combined 
with anti-IL-17 antibody treatment could alleviate asth-
ma symptoms in obese mice. The increase in Rrs values 
in the HFD-OVA group relative to controls was mitigat-
ed by IL-17 blockade and was further reduced by treat-
ment with both pravastatin and the anti-IL-17 antibody 
(Fig. 6A). The combination of pravastatin and anti-IL-17 
antibody also reduced total cell and alveolar eosinophil 
and macrophage numbers in the BALF of HFD-OVA 
mice. However, no differences were observed between 
HFD-OVA + anti-IL-17 antibody treatment groups with 
and without pravastatin treatment (Fig. 6B).

Microscopic examination of mouse lung tissue re-
vealed that combined treatment with pravastatin and 
anti-IL-17 antibody decreased inflammatory cell infil-

b,d

c,e

a

150

100

50

0
CON HFD OVA HFD-OVA

b,d

IL
-4

 (p
g/

m
L)

150

100

50

0
CON HFD OVA HFD-OVA

IL
-5

 (p
g/

m
L)

150

100

50

0
CON HFD OVA HFD-OVA

b

b

IL
-1

3 
(p

g/
m

L)

20

15

10

5

0
CON HFD OVA HFD-OVA

IL
-1

7 
(p

g/
m

L)

Figure 3. Obesity exacerbates airway inflammation by increasing TH2 and TH17 cytokine levels. (A) Interleukin 4 (IL-4), (B) IL-
5, (C) IL-13, and (D) IL-17 levels in the bronchoalveolar lavage fluid were evaluated by enzyme-linked immunosorbent assay. 
Results are expressed as mean ± SEM (n = 5 to 7 per group). CON, control; HFD, high-fat diet; OVA, ovalbumin. ap < 0.05, bp < 0.01, 
cp < 0.001 vs. control group, and dp < 0.05, ep < 0.001 vs. OVA group.

A

C

B

D

www.kjim.org


       

1216 www.kjim.org https://doi.org/10.3904/kjim.2017.207

The Korean Journal of Internal Medicine Vol. 33, No. 6, November 2018

tration as compared to untreated obese asthmatic mice, 
whereas no difference was detected between anti-IL-17 
antibody-treated HFD-OVA mice with and without 
pravastatin treatment (Fig. 6C). PAS staining revealed 
that goblet cell proliferation was increased in the HFD-
OVA group relative to the control, but this was partly re-
versed by combined pravastatin and anti-IL-17 antibody 
treatment (Fig. 6C). There was no difference between the 
HFD-OVA + anti-IL-17 antibody and HFD-OVA + pravas-
tatin + anti-IL-17 antibody groups in terms of airway in-
flammation. These data suggest that pravastatin and the 
anti-IL-17 antibody act synergistically to reduce AHR but 
not airway inflammation in obesity-related asthma.

Pravastatin and anti-IL-17 antibody treatment de-
creases TH2 and TH17 cytokine and changes adipo-
kine levels in obesity-related asthma
We also investigated whether pravastatin and anti-IL-17 
antibody treatment affects the expression of TH2 and 
TH17 cytokines and adipokines in obese asthmatic mice. 
IL-4, IL-5, IL-13, and IL-17 levels were decreased in the 
HFD-OVA + pravastatin + anti-IL-17 antibody group as 
compared to the HFD-OVA group. Moreover, the levels 
of IL-4, IL-13, and IL-17 were slightly lower in anti-IL-17 
antibody-treated HFD-OVA mice versus those without 
pravastatin treatment (Fig. 7A-7D). Leptin levels in HFD-
OVA mice were decreased by combined pravastatin and 
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anti-IL-17 antibody treatment, and were slightly lower 
in HFD-OVA mice treated with both pravastatin and 
anti-IL-17 antibody as compared to the antibody alone 

(Fig. 7E). Adiponectin levels in HFD-OVA mice were 
unaffected, whereas the leptin/adiponectin ratio was 
decreased by combined pravastatin and anti-IL-17 anti-
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vs. OVA group, and ep < 0.05, fp < 0.01, gp < 0.001 vs. HFD-OVA group.
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body treatment (Fig. 7F); a less potent effect was observed 
upon administration of the anti-IL-17 antibody alone 
(Fig. 7G). These results demonstrate that pravastatin and 
the anti-IL-17 antibody act synergistically to suppress 
TH2/TH17 responses by reducing the leptin/adiponectin 
ratio in obesity-related asthma.

DISCUSSION

Obesity is associated with the development and sever-
ity of asthma and poor asthma control [3]. It is known 
to alter lung function directly by altering airway wall 
thickness and respiratory rate and indirectly by induc-
ing chronic inflammation [4]. Moreover, obese patients 
with asthma respond less favorably to inhaled cortico-
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steroids than non-obese asthma patients [8]. The asso-
ciation between obesity and asthma might be explained 
by the immune-modulatory effect of adipokines secret-
ed by adipose tissue. Recent studies have revealed a link 
between leptin levels and asthma; high levels of leptin 
were shown to aggravate airway inflammation and re-
modeling via the recruitment of eosinophils and neu-
trophils [21,22]. In the present study, we showed that 
the leptin level in asthmatic mice was increased by the 
co-occurrence of obesity. Moreover, HFD-OVA mice ex-
hibited greater inflammatory cell infiltration and airway 
remodeling than OVA mice (p < 0.0001) and HFD mice. 
These data suggest that the link between obesity and 
asthma involves the immune effects of leptin. A previous 
study found no associations between leptin and asthma 
symptoms such as wheezing, airflow obstruction, bron-
chodilator responsiveness, and airway inflammation 
[23]. Thus, among allergic inflammatory mediators in 
obesity, what factors worsen the inflammatory response 
by increasing leptin?

Obesity-related asthma is characterized by low eo-
sinophil and high airway neutrophil counts. However, 
recent studies have reported that early-onset asthma 
patients have higher serum immunoglobulin E levels 
than their non-obese counterparts [24]. The distribu-
tion of eosinophils within different tissues could affect 
their pathological functions in asthma, particularly in 
patients with obesity [25]. Thus, obesity-related asth-
ma may be classified as the TH2 or non-TH2 type. We 
measured the levels of TH2 cytokines (IL-4, IL-5, and 
IL-13) and TH17 cytokines (IL-17) and found that obesity 
exacerbated airway inflammation in asthma by increas-
ing TH2 and TH17 cytokine levels. Several studies have 
reported higher TH2 and TH17 cytokine levels in obese 
asthma as compared to non-obese asthma [6,12].

There is a controversy surrounding the immune 
functions of obese and non-obese states. Obesity causes 
a systemic increase in the levels of circulating inflam-
matory cytokines and leads to immunocyte recruitment 
to inflamed tissues and leukocyte activation [26]. In the 
obese state, immunocytes are exposed to higher concen-
trations of serum leptin; this activates innate immunity, 
which increases the number of pro-inflammatory TH1 
cells and decreases the number of TH2 cells [27,28]. In 
addition, chronic obesity induces a switch from M2- to 
M1-polarized macrophages and stimulates the expres-

sion of TH1-type cytokines [29]. Although a large num-
ber of TH17 cells have been detected in the adipose tissue 
of lean mice, obesity selectively promotes the prolifera-
tion of pro-inflammatory TH17 cells [10]. Levels of the 
proinflammatory cytokine IL-17 are increased in obese 
patients [30], although this is not correlated with leptin 
levels. IL-17 has also been implicated in adiponectin 
production [31]. Interestingly, we found that obese mice 
showed elevated IL-17 levels relative to control mice, 
whereas TH2 cytokines such as IL-4, IL-5, and IL-13 were 
not increased. This suggests that TH17-mediated immu-
nity is critical for inflammatory processes in adipose tis-
sue associated with obesity.

We investigated the role of IL-17 in a mouse model of 
obesity-induced asthma using a neutralizing anti-IL-17 
antibody. IL-17 blockade decreased AHR in both obese 
and non-obese asthmatic mice. Some studies have sug-
gested that obesity is a risk factor for AHR to metha-
choline [32,33], although this has been contradicted by 
other reports [34,35]. Our study showed that AHR was 
increased in asthmatic mice but was not further aggra-
vated by obesity. This may be explained by the fact that 
methacholine acts directly on airway smooth muscle 
receptors to induce airway constriction independent 
of inflammation. We also found that blocking IL-17 de-
creased airway inflammation and TH2 cytokine (IL-4, IL-
5, and IL-13) levels in obese asthmatic mice. In contrast, 
IL-17 neutralization increased airway inflammation and 
TH2 cytokine levels in non-obese asthmatic mice as 
compared to controls. Several studies have shown that 
blocking IL-17 increased airway eosinophilia and de-
creased AHR in an allergic airway inflammation model, 
suggesting that a balance between IL-17A and IL-25 is 
important for modulating allergic lung responses and 
that allergic asthma is negatively regulated by IL-17 
[36,37]. Unexpectedly, we found that leptin and adiponec-
tin levels were decreased and increased, respectively, 
and that the leptin/adiponectin ratio was decreased by 
anti-IL-17 antibody treatment in obese asthmatic mice, 
but that these were unaltered in non-obese mice with 
asthma. Several studies have reported no differences in 
leptin and adiponectin concentrations between asthma 
patients and controls, although the leptin/adiponectin 
ratio was correlated with body mass index in patients 
[38,39]. Adipokines contribute to the mechanism under-
lying inflammation and airway constriction. We pro-
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pose that the activation of the IL-17–leptin/adiponectin 
axis exacerbates asthma symptoms in obese asthma pa-
tients compared with non-obese asthma patients. How 
IL-17 neutralization alleviates AHR in non-obesity-relat-
ed asthma is not well understood, although it might be 
independent of airway inflammation. The relationship 
between AHR and airway inflammation is complex: 
some reports have demonstrated that blocking of IL-17A 
reverses the protective effect of AHR by the anti-IL-25 
antibody, resulting in the re-expression of TH2 inflam-
matory cytokines [36]. On the other hand, IL-17 neutral-
ization has been found to inhibit OVA-induced airway 
inflammation [40]. Although this controversy has yet to 
be resolved, our data provide new evidence that the IL-
17–leptin/adiponectin axis plays a key role in airway in-
flammation in obesity-related asthma.

The anti-inflammatory effects of statins for the treat-
ment of chronic inflammatory and autoimmune dis-
eases have recently been demonstrated [16]. For exam-
ple, atorvastatin was found to induce a shift from TH1 
to TH2 cytokine production [17]. Pravastatin suppressed 
OVA-induced airway inflammation by reducing TH2 cy-
tokine levels and IL-17 production [18]. We showed here 
that the combination of the anti-IL-17 antibody and 
pravastatin synergistically reduced AHR in obese asth-
matic mice while having no effect on IL-4, IL-5, or IL-13 
expression. We also compared the HFD-OVA + pravas-
tatin, HFD-OVA + anti-IL-17 antibody, and HFD-OVA 
+ pravastatin + anti-IL-17 antibody groups. Pravastatin 
treatment alone also reduced eosinophilic airway in-
flammation and AHR and increased the levels of TH2 
cytokines in asthma with and without obesity. How-
ever, there was no difference between the HFD-OVA + 
pravastatin and HFD-OVA + anti-IL-17 antibody groups 
in terms of AHR and airway inflammation (data not 
shown). These data suggested that pravastatin acts up-
stream of the “IL-17–leptin/adiponectin axis” and has a 
synergistic effect with the anti-IL-17 antibody on AHR. 
However, it does not act in a parallel pathway on airway 
inflammation. Pravastatin attenuates allergic inflamma-
tion in a mouse model of obesity-related asthma, which 
might be related with other pathways. Further studies 
using various cytokine agonists in pravastatin-treated 
obesity-associated asthma models are required to inves-
tigate the comprehensive details.

In summary, we demonstrated that anti-IL-17 anti-

body treatment attenuated AHR and airway inflam-
mation and increased TH2/TH17 cytokine levels by 
suppressing the IL-17–leptin/adiponectin axis in obese 
asthmatic mice. This is the first report of an association 
between this axis and obesity-related asthma. Our find-
ings might offer clues for developing the new pharma-
ceuticals for treating obesity-related asthma.
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