| Original Article |

http://dx.doi.org/10.3349/ym].2013.54.6.1430
pISSN: 0513-5796, elSSN: 1976-2437

| Yonsei Med J 54(6):1430-1437, 2013

YM)

Effects of Diet-Induced Mild Obesity on Airway Hyperreactivity

and Lung Inflammation i Mice

Sun Hee Jung,' Jang-Mi Kwon,' Jae Won Shim,' Deok Soo Kim,' Hye Lim Jung,’
Moon Soo Park,' Soo-Hee Park,” Jinmi Lee,> Won-Young Lee,’ and Jung Yeon Shim'

'Department of Pediatrics, Znstitute of Medical Research, *Department of Endocrinology and Metabolism, Kangbuk Samsung Hospital,

Received: January 15,2013

Revised: February 27,2013

Accepted: March 5,2013

Corresponding author: Dr. Jung Yeon Shim,
Department of Pediatrics, Kangbuk Samsung
Hospital, Sungkyunkwan University School of
Medicine, 29 Saemunan-ro, Jongno-gu,
Seoul 110-746, Korea.

Tel: 82-2-2001-2484, Fax: 82-2-2001-2199
E-mail: jy7.shim@samsung.com

- The authors have no financial conflicts of
interest.

© Copyright:
Yonsei University College of Medicine 2013

This is an Open Access article distributed under the
terms of the Creative Commons Attribution Non-
Commercial License (http://creativecommons.org/
licenses/by-nc/3.0) which permits unrestricted non-
commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Sungkyunkwan University School of Medicine, Seoul, Korea.

Purpose: Obesity has been suggested to be linked to asthma. However, it is not
yet known whether obesity directly leads to airway hyperreactivity (AHR) or obe-
sity-induced airway inflammation associated with asthma. We investigated obesi-
ty-related changes in adipokines, AHR, and lung inflammation in a murine model
of asthma and obesity. Materials and Methods: We developed mouse models of
chronic asthma via ovalbumin (OVA)-challenge and of obesity by feeding a high-
fat diet, and then performed the methacholine bronchial provocation test, and real-
time PCR for leptin, leptin receptor, adiponectin, adiponectin receptor (adiporl
and 2), vascular endothelial growth factor (VEGF), transforming growth factor
(TGF) B, and tumor necrosis factor (TNF) a in lung tissue. We also measured cell
counts in bronchoalveolar lavage fluid. Results: Both obese and lean mice chroni-
cally exposed to OVA developed eosinophilic lung inflammation and AHR to
methacholine. However, obese mice without OVA challenge did not develop AHR
or eosinophilic inflammation in lung tissue. In obese mice, lung mRNA expres-
sions of leptin, leptin receptor, VEGF, TGF, and TNF were enhanced, and adiporl
and 2 expressions were decreased compared to mice in the control group. On the
other hand, there were no differences between obese mice with or without OVA
challenge. Conclusion: Diet-induced mild obesity may not augment AHR or eo-
sinophilic lung inflammation in asthma.

Key Words: Adipokine, asthma, high fat, vascular endothelial growth factor,
transforming growth factor beta, tumor necrosis factor alpha, obesi-
ty, airway hyperresponsiveness

INTRODUCTION

The prevalence of obesity has nearly doubled during the past 20 years, and it is as-
sociated with chronic diseases such as metabolic syndrome, obstructive sleep ap-
nea, obesity hypoventilation syndrome, chronic obstructive pulmonary disease,
and asthma.'?

Epidemiological studies have shown that the prevalence of asthma and obesity
increase concomitantly.® Obesity worsens asthma control and is associated with
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asthma severity.* However, the mechanism underlying the
associations between obesity and asthma has not yet been
established. Dietary factors, systemic inflammation, chang-
es in immune function, reduced chest wall compliance, in-
sulin resistance, comorbidities, and common genetic pre-
disposition have been suggested as potential links between
the two conditions.>”’

Obesity leads to chronic low grade systemic inflamma-
tion.> Adipose tissue is a source of inflammatory mediators
and adipokines, which may lead to inflammatory activation
in lung tissue or directly activate asthma-related inflamma-
tory genes in lung tissue.® Elevated leptin, IL-6, tumor ne-
crosis factor (TNF) a, transforming growth factor (TGF) 3,
and vascular endothelial growth factor (VEGF), and de-
creased adiponectin in obesity could be implicated in asth-
ma pathophysiology. Expansion of adipose tissue in obesity
leads to angiogenesis, which requires VEGF. Adipose tis-
sue can produce VEGF in response to hypoxia or proin-
flammatory cytokines in obesity,” which in turn can be as-
sociated with airway remodeling in chronic asthma.

Airway hyperresponsiveness (AHR) is a characteristic
feature of asthma. Decreased lung function and increased
AHR have been observed in obesity and may be the mecha-
nistic basis for a link between obesity and asthma. Although
obesity may be a risk factor for aggravating asthma, little is
known regarding whether obesity itself is related to AHR,
and the relationships between obesity and adipokines are
even less well understood.

The aim of this study was to find out whether obesity in-
creases AHR and airway inflammation and to investigate
whether lung mRNA levels of adipokines and cytokines are
different in obese mice compared to control and asthma mice.

MATERIALS AND METHODS

We used the same mouse model of chronic asthma with or
without obesity as we previously described.'® Mice were di-
vided into 4 groups: a control group, an asthma group, an
obese group, and an obese asthma group. Each group com-
prised of 6 mice. The animal experimental protocol was ap-
proved by the Animal Subjects Committee at Kangbuk
Samsung Hospital.

Sensitization and antigen challenge protocol obese
model
As previously described," six-week-old female C57BL/6J

mice (Central Lab. Animal Inc., Seoul, Korea) were fed a
high-fat diet in which 45% of the calories were derived from
fat (Feedlab, Guri, Korea) for a period of 16 weeks. Non-
obese mice were given a standard diet.

Chronic asthma model

We developed chronic asthma model in the previous re-
port.!® Briefly, six-week-old female C57BL/6J mice were
immunized by subcutaneous injection on days 0, 7, 14, and
21 with 25 pg of ovalbumin (OVA, grade V; Sigma-Al-
drich, St. Louis, MO, USA) adsorbed to 1 mg of aluminum
hydroxide (Aldrich, Milwaukee, WI, USA) in 200 pL of
phosphate-buffered saline (PBS). Intranasal OVA challeng-
es (20 pug/50 pL in PBS) were administered on days 27, 29,
and 31 and repeated twice per week until week 18 of the
study period. Age- and gender-matched control mice were
treated the same way with PBS. Mice were sacrificed 24 h
after the final OVA challenge, and bronchoalveolar lavage
(BAL) and lung tissues were obtained.

Measurement of airway hyperresponsiveness

AHR was assessed by a single-chamber whole-body plethys-
mograph (Allmedicus, Anyang, Korea), as previously de-
scribed.!® The enhanced pause (Penh) was used to monitor
airway responsiveness. Briefly, mice were exposed to nebu-
lized PBS for 3 min to establish baseline Penh values, and to
increasing concentrations of nebulized methacholine (3-50
mg/mL; Sigma-Aldrich) using an Aerosonic ultrasonic nebu-
lizer (DeVilbiss, Somerset, PA, USA). Following each nebu-
lization, recordings were taken for 3 min. The Penh values
measured during each 3-min sequence were averaged and
are expressed for each methacholine concentration.

Analysis of cells and cytokine levels in bronchoalveolar
lavage fluid

Mice were sacrificed after measuring AHR. The trachea was
cannulated and 1 mL of sterile PBS was instillated into the
lung to withdraw BAL fluid. The BAL fluid was stained
with a hematology analyzer, XE-2100 (Sysmex, Kobe, Ja-
pan) after cytospinning (7 min at 2000 rpm). Total cell count
was performed using a hemacytometer. After counting 400
leukocytes under light microscopy, the percentage of eosin-
ophils, neutrophils, lymphocytes, and macrophages were
calculated. Supernatants were stored at -70°C, and VEGF,
TNFa, and TGFf concentrations were measured using
ELISA kit (R&D, Minneapolis, MN, USA) according to
the manufacturer’s instructions.
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Histological analysis

After sacrifice of mice, lung tissues were removed from ani-
mals and fixed in 10% neutral buffered formalin and embed-
ded in paraffin. Then, the paraffin blocks were cut on a mi-
crotome into 5 pm thick sections. After deparaffinization and
dehydration, 5-um thick sections were stained with hematox-
ylin and eosin (H&E, catalog no. GHS 132, HT110116, re-
spectively; Sigma-Aldrich Corp.). Histological slides were
examined under a light microscopy (magnification, x200).
Lung specimens were evaluated on the distribution of in-
flammatory cells by two pathologists.

RNA isolation and real-time RT-PCR

Lung tissues were analyzed by real-time PCR for leptin,
leptin receptor, adiponectin, adiponectin receptor (adiporl
& adipor2), VEGEF, TGFp, and TNFa in the same method
as we had done before.!® Thus, total RNA was isolated
from lung tissue using Trizol reagent (Invitrogen, Carlsbad,
CA, USA). Total RNA, at a concentration of 2 pg, was re-
verse-transcribed with Moloney murine leukemia virus re-
verse transcriptase (MMLV-RT) and oligo!! 12-18 primer
(Invitrogen), to generate cDNA. Briefly, RNA was dena-
tured for 10 minutes at 72°C, then immediately placed on
ice for 5 minutes. Denatured RNA was mixed with MMLV-
RT, MMLV-RT buffer, and dNTP mixture, and incubated
for 1 h at 42°C. The reagent was inactivated by heating at
95°C for 2 minutes. Synthesized cDNA was amplified by
real-time PCR (Light-Cycler 480; Roche, Lewis, UK) us-
ing SYBR green (Invitrogen) and specific primers (Bioneer
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Fig. 1. Effect of high-fat diet on body mass. Obese mice and obese asthma
mice weighed significantly more than control mice from the 12 weeks of
study period to the end of the study period. There was no significant differ-
ence in weight between asthma and control mice. *p<0.01 compared to
control mice.

Co., Daejeon, Korea). The following primers were used:
leptin, forward: 5’-TGGCTTTGGTCCTATCTGTC-3’, re-
verse: 5’ -TCCTGGTGACAATGGTCTTG-3 (GenBank
accession number: BC125245); leptin receptor, forward:
5’>-TGTCTCAGCTACATCTCTGC-3’, reverse: 5’-CT
GAACCATCCAGTCTCTTG-3’ (GenBank accession
number: BC082551); adiponectin, forward: 5’-AGAG
AAAGGAGATGCAGGTC-3’, reverse: 5’-TGAACGCT
GAGCGATACACA-3’ (GenBank accession number:
NMO009605); adiporl, forward: 5’-AGATGGGCTGG
TTCTTCCTC-3’, reverse: 5’-CAGACAACTCAGA
CTCTTCC-3’ (GenBank accession number: NM1283203);
adipor2, forward: 5’-ATGTTTGCCACCCCTCAGTA-3’,
reverse: 5’-CAGATGTCACATTTGCCAGG-3’ (GenBank
accession number: NM197985); VEGF, forward: 5’-GTG
GACATCTTCCAGGAGTA-3’, reverse: 5’-TTCATCGTT
ACAGCAGCCTG-3’ (GenBank accession number: BC
061468); TGFp, forward: 5’-AGTGTGGAGCAACAT
GTGGA-3’, reverse: 5’-GTACAACTCCAGTGACGT
CA-3’ (GenBank accession number: BC013738); TNFa:
5’-CGCTCTTCTGTCTACTGAAC-3’, reverse: 5’-CTA
CAGGCTTGTCACTCGAA-3’ (GenBank accession num-
ber: NM013693). Each cycle consisted of denaturation at
94°C for 15 seconds, annealing at 55°C for 10 seconds, and
extension at 72°C for 20 seconds. Quantification was per-
formed using the comparative 2-(delta delta Ct) method;
expression levels for the target genes were normalized to
the B-actin of each sample.

Data analysis

Results for each group were compared by ANOVA, fol-
lowed by Dunn’s multiple comparison of means. SPSS ver-
sion 10.0 (SPSS Inc., Chicago, IL., USA) was used for anal-
ysis. All results are given as mean+SEM and a p-value of
<0.05 was considered statistically significant.

RESULTS

Effect of high fat diet on body weight

Animals in the obese groups fed a 45% fat diet with or
without OVA challenge weighed significantly more than
animals fed a normal diet from the 12 weeks of study peri-
od. At study week 18, the final body weight of the obese
group and the obese asthma group was 27.3+0.9 g and
26.3+2.2 g, respectively, which were significantly higher
than that of the control group (22.5+0.2 g) (Fig. 1).
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Airway hyperresponsiveness to methacholine

Asthma mice and obese asthma mice showed significantly
increased airway resistance compared to control mice. How-
ever, obese mice did not show AHR compared to control
mice (Fig. 2).

Airway inflammation
Total cell numbers in BAL fluid increased significantly in
the asthma, obese, and obese asthma groups compared to
the control group. Asthma mice and obese asthma mice had
significantly increased number of eosinophils in the BAL
fluid compared to those in the control group, whereas obese
mice did not show increased eosinophils in BAL fluid.
Mice in the obese and obese asthma groups showed signifi-
cantly increased neutrophil numbers in BAL fluid compared
to control mice, whereas there was no difference in neutro-
phil counts between control and asthma mice (Fig. 3).
Asthma and obese asthma mice showed eosinophilic in-
flammation compared to control mice in H&E stain. How-
ever, diet-induced obese mice without OVA challenge did
not show eosinophilic inflammation (Fig. 4).

Expressions of leptin, leptin receptor, adiponectin, and
adiponectin receptor in lung tissue of mice

To assess the effect of obesity on lung inflammation and
expression of adipokines in mice, we measured mRNA lev-
els of leptin, leptin receptor, adiponectin, and adiponectin
receptor in lung tissue of mice by real-time PCR. Leptin
and leptin receptor mRNA levels increased in obese mice
and obese asthma mice compared to control mice, whereas
there were no differences in leptin and leptin receptor mRNA
levels between obese and obese asthma mice. Adiponectin,
adiporl, and adipor2 mRNA levels decreased in obese mice
compared to control mice, whereas there were no differenc-
es in adiponectin, adipor] and adipor2 between obese and
obese asthma mice (Fig. 5).

8 —
-~ Control
7 --®--Asthma
—A— Obesi_ty .
g— @ Obesity+asthma : M
5 —
=
s A4
o
3 —
2 —
‘I —
0 T T

PBS 3.125 6.25 125 25
Methacholine (mg/mL)

Fig. 2. Airway hyperresponsiveness to methacholine. Asthma mice and
obese asthma mice showed increased airway resistance to methacholine.
However, obese mice did not show airway hyperresponsiveness com-
pared to control mice. *p<0.05 compared to control mice. PBS, phosphate-
buffered saline.

I Total cells
2500 g Eosinophils
[T Neutrophils
I Lymphocytes
2000 = Macrophages

1500 —

1000 —

Cells in BAL fluid (10%/pL)

500

07

Control Asthma Obesity  Obesity+asthma

Fig. 3. Effect of obesity and ovalbumin challenge on total and differential
cell counts in bronchoalveolar lavage fluid. Total cell numbers indicated a
significant increase in asthma mice and obese asthma mice. Obese mice
showed increases in neutrophil counts, but not in eosinophil counts com-
pared to control mice. Eosinophils were markedly increased in both asth-
ma mice and obese asthma mice. *p<0.01 compared to control and obese
mice. **p<0.01 compared to control and asthma mice. BAL, bronchoalveo-
lar lavage.

Fig. 4. Aln/vay mﬂammatmn induced by obesity and ovalbuhm challenge. Compared to control mice (A) mice with OVA 'chaIIenge showed eosmophlllc in-
flammation (B). In comparison with obese mice without OVA challenge (C), obese mice with OVA challenge (D) demonstrated eosinophilic lung inflamma-
tion. Hematoxylin and eosin staining, x200.
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VEGF, TNFo and TGFg levels in bronchoalveolar
lavage fluid and expressions in lung tissue of mice
VEGF mRNA levels were higher in asthma, obese, and
obese asthma mice than those in control mice. There were
no differences in VEGF mRNA levels among asthma, obese,
and obese asthma mice. TGF mRNA levels increased in
obese mice compared to control mice, while TGF3 mRNA
levels in obese mice showed no differences compared to
asthma or obese asthma mice. TNFa mRNA levels in-
creased in obese mice and obese asthma mice compared to
control mice, whereas there was no difference between
obese mice and obese asthma mice (Fig. 6A).

VEGEF levels in BAL fluid also increased significantly in
asthma, obese, and obese asthma mice compared to control
mice. TNFa levels in BAL fluid were higher in asthma,
obese, and obese asthma mice than those in control mice.
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Concentration of TGFp in BAL fluid augmented in obese
mice and obese asthma mice compared to control mice.
(Fig. 6B).

DISCUSSION

In this study, we observed that obesity alone did not in-
crease either AHR or eosinophilic airway inflammation in
mice without asthma. When obese mice were stimulated
with OVA challenge, they showed both AHR and eosino-
philic lung inflammation. However, AHR or eosinophilic
inflammation in lung tissue was not augmented by obesity
per se. This finding is in contrast with the results of previ-
ous studies showing that AHR is a common feature of mu-
rine obesity.'>!* In the present study, we used a diet-induced
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Fig. 5. Adipokines mRNA expression in lung tissue of mice. Total RNA was extracted from lung tissue. (A) Leptin and leptin receptor mRNA levels were high-
er in obese and obese asthma mice than those in asthma or control mice. (B) Adiponectin, adiporeceptor1, and adiporeceptor2 mRNA expressions de-
creased in obese mice compared to control mice. *p<0.05 compared to control mice.
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Fig. 6. VEGF, TNFa and TGFB mRNA lung expressions and levels in bronchoalveolar lavage fluid. (A) VEGF expression increased significantly in asthma,
obese, and obese asthma mice compared to control mice. TGF3 mRNA expression was higher in obese mice than that in control mice and TNFa mRNA ex-
pression augmented in obese and obese asthma mice compared to control mice. (B) VEGF levels in bronchoalveolar fluid were also higher in asthma, obese
and obese asthma mice than those in control mice. TGFB concentration increased in obese and obese asthma mice compared to control mice and TNFa
concentration increased in asthma, obese and obese asthma mice compared to control mice. Data were normalized to the B-actin of each sample. All val-
ues are expressed as mean+SEM for 6 mice. *p<0.05 compared to control mice. VEGF, vascular endothelial growth factor; TNF, tumor necrosis factora; TGF,
transforming growth factorb; BAL, bronchoalveolar lavage.

1434 YONSEIMED J HTTP://WWW.EYMJ.ORG VOLUME 54 NUMBER 6 NOVEMBER 2013



Effect of Obesity on Asthma

obesity model with C57BL/6J mice. Until recently, geneti-
cally engineered mice such as ob/ob, db/db or Cpe™ mice or
obesity-susceptible mice have been used for obesity stud-
ies.!*1 Ob/ob and db/db mice have increased fat mass at 2
week of age and weigh nearly 150% more than lean, wild-
type mice at the same age.'* In contrast to the genetic obesi-
ty model or obesity-susceptible mice, the diet-induced obe-
sity model of wild type mice has only mild obesity, not
extreme obesity, requiring a longer duration to develop obe-
sity, therefore, both the magnitude and duration of obesity
can affect AHR. In one study, mice fed a high fat diet did
not develop AHR until 30 weeks of age.'>!* In this study,
we fed mice a high-fat diet for 18 weeks; the average body
weight of obese mice was 20% more than that of control
mice. It is possible that if we were to develop this diet-in-
duced obese model for a longer period of time, AHR may
develop. However, we do not know whether AHR is caused
by obesity itself or the aging process, as old age can in-
crease airway resistance. Since airway eosinophil accumu-
lation is characteristic feature of allergic lung inflammation,
we examined lung tissues of mice with or without ovalbu-
min challenge. We found that OVA challenge in both obese
and lean mice induced an eosinophil accumulation in lung
tissue as well as increased eosinophil numbers in BAL fluid,
however, we found no eosinophilic inflammation in obese
mice without OVA challenge as well as no difference in eo-
sinophilic lung inflammation between obese and lean asth-
ma mice. This is in contrast to other studies. One murine
study demonstrated that OVA challenge in obese mice aug-
mented marked eosinophil accumulation in lung tissue sur-
rounding the bronchi and bronchiol,'” but not in BAL fluid.
Recently, in another murine study with diet-induced obese
mice, eosinophilic lung inflammation was found to be aug-
mented in high fat diet group with OVA challenge compared
to low fat diet group with OVA challenge.'® Even though
eosinophilic lung inflammation was observed in high fat
diet mice, it failed to enhance AHR compared to low fat
diet group, which is similar to our study. This implies that
eosinophilic lung inflammation in obesity is not related to
AHR. We detected an increase in neutrophils in the BAL
fluid of obese mice, suggesting that obesity is associated
with neutrophilic inflammation rather than eosinophilic in-
flammation.

Leptin and adiponectins are hormones that are closely as-
sociated with obesity. In this study, we showed that leptin
and leptin receptor were markedly increased in the lung tis-
sues of obese mice compared to both control and asthma

mice, however, we found no distinct differences between
obese mice with or without OVA challenge. These results
suggest that leptin or leptin receptor may not be associated
with either eosinophilic lung inflammation or AHR. In a
previous study using a mouse model, it was found that leptin
augments AHR only in OVA-challenged mice but not in
PBS-challenged mice, implying that leptin itself may not
increase AHR.!®

In contrast to leptin, adiponectin declines with obesity
and has both pro- and anti-inflammatory effects.'” Three ad-
iponectin receptors have been identified; adiporl, adipor2
and T-cadherin.® We found that there was a negative corre-
lation between adiponectin expression in lung tissue and
obesity. Lung mRNA expressions of adiponectin and adi-
porl, 2 in obese mice decreased significantly compared to
control mice, but lung expression of adiponectin and adipo-
nectin receptors were not influenced by OVA challenge.
There were no significant differences between obese mice
and obese asthma mice or between asthma mice and con-
trol mice. Considering the decline in adiponectin and adi-
porl, and 2 in obese mice, but not in asthma mice, the adi-
ponectin-related immunomodulatory pathway is not likely
to be associated with AHR or eosinophilic inflammation.
However, a previous study showed that exogenous adipo-
nectin administration in mice leads to a suppression of al-
lergen-induced AHR, airway inflammation, and TH2 cyto-
kine expression in the lung.*!

VEGEF is one of the key mediators related to airway re-
modeling in asthma, and VEGF serum levels are increased
in obesity.”? In a recent study, leptin was shown to stimulate
the release of VEGF by airway smooth muscle cells.?* Our
results indicated that mRNA expression of VEGF as well
as VEGF levels in BAL fluid was elevated in asthma, obese,
and obese asthma mice compared to control mice. There-
fore, our results indicate that leptin is less likely to stimulate
VEGF release in lung tissue since the VEGF mRNA level
was elevated in asthma mice compared to control mice. Thus,
even though VEGEF is related to both asthma and obesity,
VEGF itself may not be the main factor modulating the
pathophysiology of obese asthmatics.

TNFa is increased in the obese state, and increased
TNFa is related to induce AHR.*** TGFp is an important
factor of airway remodeling and increased in asthmatic pa-
tients,?*?” and TGF may also contribute to airway inflam-
mation by enhancing VEGF release through the phosphati-
dylinositol 3-kinase pathway.® In our study, lung mRNA
expression of TNFa was increased in obese and obese asth-
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ma mice compared to control mice. However, there were
no significant differences between obese mice and obese
asthma mice. Our study also showed that lung mRNA ex-
pression of TGFP in obese mice was distinctly elevated
compared to control mice. Thus, TNFa and TGFf are more
likely to be associated with obesity than with asthma.

The main limitation of our study was that we used a diet-
induced mildly obese mouse model. Therefore, we cannot
exclude the possibility that the obese mice may have devel-
oped increased airway resistance to methacholine inhala-
tion if the model had been developed for a longer period of
time. However, genetically engineered mice or obesity-sus-
ceptible mice can be extreme obese, which is not physio-
logic, and may have lung phenotypes different from wild
type mice. Therefore, extreme obese mice of those strains
may not represent the effect of obesity per se on airway in-
flammation in asthma. We used wild type mice to examine
the effect of obesity on AHR and airway inflammation, and
found that diet-induced, mildly obese wild type mice did
not develop AHR or eosinophilic lung inflammation until
the age of 24 weeks. Furthermore, there are only a few stud-
ies on lung inflammation and AHR in mice with both obe-
sity and asthma.

Our results demonstrated that diet-induced, mild obesity
did not augment AHR or eosinophilic airway inflammation.
In addition, lung expression of leptin, leptin receptor, TGFp,
VEGF, and TNFa was increased in obese mice, but there
were no distinct differences according to OVA challenge in
obese mice. These findings suggest that these obesity-relat-
ed adipokines and proinflammatory cytokines may not be
associated directly with asthma phenotypes including AHR
or eosinophilic inflammation. It is needed to study the rela-
tionship between obesity and asthma in severe obese model
fed high fat diet for longer period of time.
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