Int J Clin Exp Med 2018;11(10):10526-10533
www.ijcem.com /ISSN:1940-5901/IJCEM0071816

Original Article
Mechanisms of the anti-asthma effect of nebulized
anti-NGF sustained-release microsphere inhalation
Weiwei She1,2, Zhengmin Mei3, Haijin Zhao2, Gang Li4
Department of Respiratory Medicine, The Affiliated Hospital of Guilin Medical University, Guilin 541001, Guangxi,
China; 2Chronic Airways Diseases Laboratory, Department of Respiratory and Critical Care Medicine, Nanfang
Hospital, Southern Medical University, Guangzhou 510515, Guangdong, China; 3Guangxi Key Laboratory of Biology, Guangxi Academy of Specialty Crops, Guilin 541004, Guangxi, China; 4Department of Psychology, The Affiliated Hospital of Guilin Medical University, Guilin, China
1

Received December 30, 2017; Accepted September 10, 2018; Epub October 15, 2018; Published October 30, 2018
Abstract: Nebulized anti-nerve growth factor microspheres (referred to as NANMs) may exert an anti-asthma effect
that can modulate immunological-pathological-related changes in asthmatic rats. However, research into the evidence and mechanism of the inhibition of asthma exacerbation by NANMs is lacking. The mechanism of action and
the therapeutic effects of inhibition of NANMs were analysed in ovalbumin (OVA)-induced asthma rats in this study.
Rats were divided into control, asthma (OVA-induced group), anti-NGF, and NANM groups according to a random
number method. We evaluated the reticular basement membrane thickness, airway wall thickness, and collagen
thickness. We investigated the pulmonary pathological changes and used immunohistochemical methods to detect
and compare the expression of NGF, TGF-β1, and Smad-3. Our results revealed that NANMs reduced the symptoms
and the average pulmonary resistance values of lung function, decreased the thickness of the reticular basement
membrane and collagen deposition, and attenuated the expression of NGF protein and mRNA levels. Moreover,
TGF-β1 and Smad-3 were significantly reduced by NANMs in lung tissues. NANMs ameliorated OVA-induced murine asthma by regulating airway remodelling in asthmatic conditions and improving lung function and pathology.
TGF-β1, Smad-3 and NGF were inhibited in the lung tissues, and thus, NANMs have anti-asthmatic effects.
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Introduction
NGF is related to allergic and inflammatory diseases and plays an important role in the process of asthma [1]. Few previous reports have
examined the relationship between anti-NGF
and pulmonary pathological changes in asthma, such as changes in collagen thickness and
NGF mRNA expression [2, 3]. However, there
are still some difficulties in applying anti-NGF in
patients with asthma. For example, the specific
mechanism of the clinical application of antiNGF and its pharmacological action are not
clear. Additionally, the short intravenous halflife of anti-NGF, its quick dilution and metabolism after administration, and its neutralization
by NGF affect its efficacy. Microsphere formulations feature long-term drug release, an alternative route of administration, diversification,
long-lasting efficacy, and safety [4]. Therefore,

we speculated that the joint advantages of both
anti-NGF and microspheres may be useful in
treating asthma exacerbation. There is existing
evidence of the usefulness of anti-NGF for
treating asthma [5]. However, nebulized antinerve growth factor microsphere (NANM) inhalation its mechanism and therapeutic effects
are not yet clear. Whether animal behaviour and
pulmonary pathology, pulmonary function, and
total TGF-β1 in bronchoalveolar lavage fluid
(BALF) can be affected by NANMs remains
unclear. TGF-β1 is the main regulator of the
immune response leading to airway remodelling by collagen deposition [6]. It initiates pathways that exert a variety of biological effects
[7]. Smads are also important proteins, and
previous studies have shown that TGF-β1 and
Smad-3 are both related to airway remodelling
[8]. In the present study, which includes the
most recent data, to explore the mechanisms
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of how NANMs might suppress airway remodelling in an asthma model, we used a well-established and well-characterized model of chronic
allergic asthma characterized by pathological
airway remodelling.
Materials and methods
Preparation of NANMs
Anti-NGF microspheres were produced via the
polymer alloy method [9] with some modifications. Briefly, 300 µg of anti-rat NGF antibody
solution (Sinobioway Bio-Medicine Co., Ltd.;
Xiamen, China) was mixed with 0.5 ml of bovine
serum albumin (BSA) solution containing 10
mg of BSA (Hangzhou Sijiqing Biological
Engineering Materials Co., Ltd., Hangzhou,
China). A freeze-drying treatment was performed with the following conditions: a prefreezing temperature of -50°C with a 20°C/min
rate of temperature reduction, followed by incubation at -20°C for 3 h and at 20°C for 12 h.
After the freezing-drying treatment, the freezedried anti-NGF powder was evenly dispersed in
a BSA matrix. Approximately 300 mg of polylactide (PLA)/polylactic coglycolic acid (PLGA)
(W/W = 1:3) was added to a tube, and the prepared freeze-dried anti-NGF powder was transferred. The polymer was then dissolved in 2 ml
of dichloromethane to form the oil phase, and
10 ml of 2% polyvinyl alcohol served as the
water phase. The water phase was added to
the oil phase and homogenated at 1700 r/min
for 30 s to yield a solid-in-oil-in-water (S/O/W)
emulsion. The emulsion was then transferred
to 400 ml of 10% deionized water sodium chloride solution. Then, magnetic stirring was performed at room temperature at 1700 r/min for
30 s. A total of 256.7 mg of anti-NGF microsphere was produced and stored at 4°C for the
subsequent experiments.
Animal modelling and grouping
Forty female Sprague-Dawley rats (Laboratory
Animal Center of Guilin Medical University,
Guilin, China), weighting 125 ± 5 g and aged 7
to 8 weeks, were divided into control, asthma,
anti-NGF, and NANM groups according to a random number method with ten animals in each
group. All animals were fed an ovalbumin (OVA)free diet, given free access to water and maintained in a clean, quiet and photophygous environment. On days 0 and 7, all rats, including the
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control group rats, were sensitized with an
intraperitoneal injection of 1 mg OVA (SigmaAldrich, St. Louis, MO, USA) and 200 μg of aluminium hydroxide (Aldrich, Milwaukee, WI, USA)
in 0.5 mL of phosphate-buffered saline (PBS).
The asthma group rats were exposed to 1%
aerosolized OVA (1 g OVA in 100 ml of sterile
PBS in a nebulizer) for 30 min every two days
from days 14 to 72. The anti-NGF group rats
were challenged with an aerosolized OVA solution followed by 2 ml of intravenously injected
anti-NGF antibody of (Wuhan Boster Biological
Technology, Ltd.; Wuhan, China) every two days
from days 14 to 72. The NANM group rats were
challenged with an aerosolized OVA solution followed by NANM atomization inhalation therapy
every two days from days 14 to 72, and the control group underwent the same treatment
except with sterile PBS. To confirm the establishment of the model, spirometry and haematoxylin/eosin (HE) staining of the lung tissues
and lung function tests were performed. BALF
and inflammatory cell counts were also
measured.
Pulmonary function testing
Transpulmonary pressure, flow rate, and tidal
volume were recorded at baseline using a
whole-body plethysmograph system (Buxco
Electronics Inc.; Troy, NY, USA) at an inhaled histamine concentration of 0, and alterations in
the transpulmonary pressure, flow rate, and
tidal volume were recorded before and after
the atomization of 0.64 mg/mL of histamine
(Sinopharm Chemical Reagent Beijing Co., Ltd.;
Beijing, China) for 20 s. Airway responsiveness
was presented as pulmonary airway resistance.
Measurement of total TGF-β1
The concentration of TGF-β1 was measured by
ELISA kits in accordance with the manufacturer’s instructions (R&D Systems, Minneapolis,
MN, USA). After incubating the wells with the
receptor and washing thoroughly, the specific
antibody for each measurement was added to
each test well. TGF-β1 was detected by a horseradish peroxidase-based colorimetric assay.
Histological examination
For the histological examination of the bronchial mucosa reticular basement membrane thick-
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Figure 1. The pathology of lung tissues in each rat group (HE × 200) (Masson × 200) (AB-PAS × 200). Groups: A:
Control; B: Asthma; C: Anti-NGF; D: NANM.

The thickness was measured with a micrometre at a magnification of × 1000 from the base
under the bronchial subepithelium to the outer
edge of the reticular layer. Collagen was measured according to hydroxyproline content.
Immunohistochemical staining

Figure 2. The average airway resistance_ of the rats
before and after histamine excitation ( x ± S) (cmH2O). #P < 0.05 compared with the control group,
*P < 0.05, **P < 0.01 compared with the asthma
group.

ness, samples were acquired from two locations separated by a distance of 200 μm. On
the sampled slices, three sites at intervals of
100 μm were used to record the bronchial
mucosa reticular basement membrane thickness. The three values were averaged to obtain
the reticular basement membrane thickness.
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Three specimens were sampled from the opening of the right main bronchus and each bronchus at the middle and lower lobes for biopsy.
Biopsy tissues were excised according to a
standardized protocol and evaluated by immunohistochemical staining, including HE staining, Alcian blue-periodic acid Schiff (AB-PAS)
staining and Masson staining. For HE staining,
each slice was assessed for the degree of
inflammatory cell infiltration of the left main
bronchus and the surrounding three large vessels, and the mean values were obtained. The
basement membrane perimeter (BM) and
smooth muscle area (AM) were measured, and
muscle thickness was calculated as AM/BM
(μm). Five fields from each immunohistochemically stained section were evaluated by a
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dard error (SEM). Differences
in the means across the groups were tested for statistical
significance using one-way
analysis of variance (ANOVA),
followed by a multiple comparison tests with the Bonferroni
adjustment. A P value of <
0.05 was considered to indicate statistical significance.
Figure 3. Comparison of reticular
basement membrane thickness and air_
way wall thickness in rats ( x ± S). *P < 0.05 compared with the asthma
group, **P < 0.01 compared with the asthma group. The following figures
show the same comparisons.

single observer to determine the grey value of
the NGF-positive area at a higher magnification. The mean grey value (A) was calculated.
The antibody was diluted 1:150, and PBS was
used as a negative control.
Real-time PCR (RT-PCR) assay
Total RNA was isolated from the biopsy tissues
and reverse transcribed into cDNA. NGF mRNA
expression was quantified using the RT-PCR
assay, and GAPDH served as an internal
control.
Western blot analysis
After electrophoresis and transfer, the membranes were incubated with the monoclonal
mouse anti-TGF-β1 (1:1000, dilution, Santa
Cruz, CA, USA), anti-P-Smad3 (1:1000, dilution;
Cell Signalling Technology, Danvers, MA, USA),
and anti-β-actin (1:1000, dilution) antibodies
overnight at 4°C. A goat anti-rat antibody
(1:1000, dilution, Santa Cruz, CA, USA) was
used as the secondary antibody. The membranes were then washed and incubated with a
horseradish peroxidase-conjugated secondary
antibody. Membranes were photographed, and
for quantitative analyses, densitometric band
values were detected by using the western blotting luminol reagent (ELIPIS Biotech., Inc,
Daejeon, Korea).
Statistical analysis
The statistical analysis was performed using
SPSS 21.0 software (SPSS, Inc.; Chicago, IL,
USA). All data are shown as the mean ± stan-
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Results
Effect of NANMs on animal
behaviour and pulmonary
pathology

To investigate the development of airway
inflammation in the lung tissue, we evaluated
the pathology of the lesions. Lung lesions were
evaluated with HE staining, Masson staining
and AB-PAS staining. Mild symptoms appeared
in the NANM group when the animals were in
their home environment. We observed significant infiltration of inflammatory cells into the
lung tissues in the asthma group compared
with the NANM group. The symptoms were
reduced to some degree in the NANM group
relative to the other groups, and the tracheal
epithelium was nearly complete, with no significant inflammatory exudate cavity phenomenon.
AB-PAS staining and Masson staining revealed
similar findings. The severity of pathology
decreased in the order of asthma group > antiNGF group > NANM group. The NANM group
exhibited markedly attenuated infiltration of
inflammatory cells compared with the asthma
group (Figure 1).
Effect of NANMs on pulmonary function
The average pulmonary resistance value after
excitation followed the order of asthma group
> anti-NGF group > NANM group. The average
pulmonary resistance value difference between
the asthma group and NANM group was statistically significant (P < 0.05) (Figure 2).
Effect of NANMs on the thickness of the airway
wall and the reticular basement membrane
To investigate the change in pathology, we
examined the thickness of the airway wall and
the reticular basement membrane in the rats of
each group (Figure 3). The thickness parame-
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Effect of NANMs on the
expression of the NGF in lung
tissue

Figure 4. Comparison of NGF protein expression and NGF mRNA
_ in the lungs
of rats in the asthma, control, anti-NGF and NANM groups ( x ± S).

Figure 5. Effects of NANMs on collagen deposition in BALF and total TGF-β1
production in lung tissues.

Figure 6. Effects of NANMs on the expression of Smad-3 and TGF-β1.

ters of the NANM group were statistically different than those of the asthma group (P < 0.05),
suggesting that NANMs can improve the thicknesses of the reticular basement membrane
and the airway wall in asthmatic airway
inflammation.
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To determine whether NANMs
influenced the expression of
NGF protein and mRNA in the
lung tissue, we detected the
expression levels of NGF protein and mRNA by their grey
numerical values. NGF protein
and mRNA production were
obviously higher in the asthma
group than in the control
group. However, the NANM
group had an obviously lower
production of NGF protein and
lower mRNA grey numerical
values than both the asthma
group and the anti-NGF group
(Figure 4).
Effect of NANMs on the expression of collagen deposition
and total TGF-β1 in BALF
To further clarify the relationship between collagen synthesis and total TGF-β1 activation, we detected the expression of collagen deposition
and the total TGF-β1. As
shown in Figure 5A, 5B, the
expression of collagen deposition and total TGF-β1 were
obviously higher in the asthma
group rats than in the control
group rats, which was similar
to what was detected in the
anti-NGF group. However, the
NANM group rats had an obviously lower expression levels
of collagen and total TGF-β1
than the asthma group rats.
Effect of NANMs on TGF-β1
and Smad-3 expression in
lung tissue

To analyse whether NANMs affected the expression of the active factors of the TGF-β1 signalling pathway on asthma, TGF-β1 expression
and the intracellular effector of Smad-3 were
evaluated. As shown in Figure 6, the expression
levels of Smad-3 and TGF-β1 were increased in
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the asthma group compared with the control
group. The expression levels of Smad-3 and
TGF-β1 were obviously reduced in the NANM
group. Compared with the asthma group, the
NANM group showed an obviously decreased
in the relative ratio of Smad-3/ and TGF-β1/βactin (P < 0.01, Figure 6B, 6C).
Discussion
The purpose of this study was to investigate the
effects of NANM treatment for improving airway
remodelling and the immunological-pathological-related changes associated with asthma in
an asthma model. The results of our study indicated that NANMs could improve lung function
and pathology, inhibit NGF expression, and suppress airway remodelling. Moreover, NANM
treatment decreased collagen deposition and
the expression of Smad-3 and TGF-β1. As far as
we know, this is the first study to report accurate data that NANMs have obvious anti-asthma effects. Asthma can induce NGF overexpression in the lungs [10], and the excessive
expression of NGF components can synergistically cooperate with other pathogenic factors
that participate in asthma pathogenesis to
induce critical damage [2]. NGF plays a “bonding” role in asthma [11], and it was therefore
hypothesized that anti-NGF regulation may
effectively reduce lung inflammation and airway remodelling [2], thereby delaying or even
reversing the process of asthma. Some recent
experimental studies have shown that anti-NGF
can antagonize airway inflammation induced by
asthma [3, 5, 11]. Therefore, the key to effective intervention strategies for asthma is to
rationally identify anti-NGF regulation strategies with high value for clinical applications.
NANM treatment via sustained-release microspheres as a carrier can improve drug release
and drug bioavailability, increase stability, and
reduce or even circumvent adverse reactions.
However, the mechanism of the effect of
inhaled NANMs in asthma remain unclear, and
there are no currently available reports on this
topic. In this study, we propose that inhaled
NANMs adhere to the endothelial-exposed
nerve endings in the damaged airway, causing
a long-lasting inhibition of the proliferation of
nerve endings and neurotransmitter release to
control airway inflammation in asthma.
This study concludes that treatment with
NANMs improved behavioural and pathological
changes associated with asthmatic lungs in the
10531

NANM group, suggesting that this administration route may be superior to intravenous injection. Therefore, inhalation may increase the
local blood concentration of the drug above the
threshold concentration. Additionally, microspheres are effective controlled-release formulations with improved stability and good biological tolerance that can reduce the extent of
damage in the body and concentrate the drug
in the target area. These features may improve
the delivery of drugs with good therapeutic indices and increase their efficacy.
The average pulmonary resistance value indicated that NANM treatment could more obviously reduce the average airway resistance.
Additionally, the differences between the NANM
and anti-NGF groups were statistically significant, indicating that local inhalation of anti-NGF
microspheres is an optimal route of administration.
These parameters were obviously different
between the NANM and asthma groups, suggesting that NANMs can decrease the reticular
basement membrane thickness, collagen
deposition, airway wall thickness, and NGF
expression. In addition, treatment with NANMs
more effectively reduced NGF expression compared with intravenous anti-NGF therapy. Due
to its accurate targeting, the drug dosage can
be reduced, and the drug is predominantly concentrated in the target tissue for slow release,
resulting in an effective treatment option for
patients with asthma. Consistent with a previous study [12], our data indicate that neurogenic-mediated immunoinflammatory mechanisms
play key roles in animal behaviour and pulmonary pathology. The results of our study suggest that treatment with NANMs significantly
attenuates infiltration of inflammatory cells in
pulmonary pathology. Therefore, the results of
our study confirm that NANMs may possibly act
as an effective anti-asthma treatment drug to
treat asthma.
Furthermore, with NANM treatment, regardless
of the decrease in the average pulmonary resistance, the NANM treatment group exhibited
simultaneous decreases in the deposition of
collagen and basement membrane thickness
in the airway wall of asthmatic rats. In the lung
tissues, we speculate that these changes after
NANM treatment may have been due to an
increase in TGF-β1 activity, as the expression of
total TGF-β1 in BALF was significantly increased.
Int J Clin Exp Med 2018;11(10):10526-10533
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TGF-β1 regulates collagen deposition through
the Smad pathway via binding and activation of
its special type I serine/threonine kinase receptors and type II serine/threonine kinase receptors [13]. Recent scientific studies have indicated the Smad-3 signalling pathway as a
master pathway of airway remodelling in order
to address in a wide range of inflammatory
mediators [14]. Moreover, it is crucial for synthesis of most of the extracellular matrix (ECM)
components, including TGF-β1 and collagen
deposition [15]. Thus, the TGF-β/Smad signalling pathway plays an irreplaceable and important role in the pathogenesis of asthma [16].
Previous research proved that the effect of inhibition of airway remodelling is influenced by
regulation of the TGF-β1/Smad-3 signalling
pathway in asthma [17, 18]. In this study, the
asthma group rats showed more lung inflammation and airway remodelling, which led to
excessive collagen deposition and expression
of Smad-3 and TGF-β1. Regarding the potential
effects of NANM treatment, the NANMs obviously blocked lung inflammation and airway
remodelling through inhibiting the release of
inflammatory mediators, such as TGF-β1.
In conclusion, our results revealed that NANMs
obviously improved lung function and pathology, inhibited NGF expression, suppressed airway remodelling, and modulated the TGF-β/
Smad-3 signalling pathway in asthmatic conditions. Those biological effects were associated
with the inhibition TGF-β/Smad-3 signalling
(Figure 6). The results of our study collectively
showed that NANMs improve immunologicaland pathological-related changes in asthma
and may potentially be used as an effective
therapeutic agent for asthma.
Acknowledgements
This study was supported by the Guangxi
Zhuang Autonomous Region Department of
Health (No. Z2013481) and University research
project of education department of Guangxi
Zhuang Autonomous Region (No. LX2014262).
Disclosure of conflict of interest
None.
Address correspondence to: Dr. Weiwei She,
Department of Respiratory Medicine, The Affiliated

10532

Hospital of Guilin Medical University, Guilin 541001,
Guangxi Zhuang Autonomous Region, China. Tel:
+86-13768330601; E-mail: hellosheweiwei@163.
com

References
[1]

Abram M, Wegmann M, Fokuhl V, Sonar S,
Luger EO, Kerzel S, Radbruch A, Renz H, Zemlin M. Nerve growth factor and neurotrophin-3
mediate survival of pulmonary plasma cells
during the allergic airway inflammation. J Immunol 2009; 182: 4705-4712.
[2] Yang YG, Tian WM, Zhang H, Li M, Shang YX.
Nerve growth factor exacerbates allergic lung
inflammation and airway remodelling in a
mouse model of chronic asthma. Exp Ther
Med 2013; 6: 1251-1258.
[3] Huang LW, Sun G, Wang DL, Kong LF. Inhibition
of nerve growth factor/tyrosine kinase receptor a signalling ameliorates airway remodeling
in chronic allergic airway inflammation. Eur
Rev Med Pharmacol Sci 2015; 19: 2261-2268.
[4] Masaeli R, S Jafarzadeh Kashi T, Dinarvand R,
Tahriri M, Rakhshan V, Esfandyari-Manesh M.
Preparation, characterization and evaluation
of drug release properties of simvastatin-loaded PLGA microspheres. Iran J Pharm Res
2016; 15 Suppl: 205-211.
[5] Chen J, Kou L, Kong L. Anti-nerve growth factor
antibody improves airway hyperresponsiveness by down-regulating RhoA. J Asthma 2018;
3: 1-7.
[6] Ma YB, Huang WW, Liu CB, Li Y, Xia Y, Yang X,
Sun WJ, Bai HM, Li QH, Peng ZK. Immunization
against TGF-β1 reduces collagen deposition
but increases sustained inflammation in a murine asthma model. Hum Vaccin Immunother
2016; 12: 1876-1885.
[7] Ongali B, Nicolakakis N, Tong XK, Lecrux C, Imboden H, Hamel E. Transforming growth
factor-β1 induces cerebrovascular dysfunction
and astrogliosis through angiotensin II type 1
receptor-mediated signaling pathways. Can J
Physiol Pharmacol 2018; 96: 527-534.
[8] Liu CY, Qin S, Liu LY, He YM, Wang HS, Wu WZ,
Chen D, Zhang C. Inhibitory effect of acupoint
application on airway remodeling and expression of TGF-β1/Smad3 in the lung tissue of
chronic asthma mice. Zhen Ci Yan Jiu 2017;
42: 153-158.
[9] Garbayo E, Ansorena E, Lanciego JL, Aymerich
MS, Blanco-Prieto MJ. Sustained release of
bioactive glycosylated glial cell-line derived
neurotrophic factor from biodegradable polymeric microspheres. Eur J Pharm Biopharm
2008; 69: 844-851.
[10] Chen YL, Huang HY, Lee CC, Chiang BL. Small
interfering rna targeting nerve growth factor

Int J Clin Exp Med 2018;11(10):10526-10533

Mechanisms of anti-asthma effect by NANM

[11]

[12]

[13]

[14]

alleviates allergic airway hyperresponsiveness.
Mol Ther Nucleic Acids 2014; 3: e158.
Braun A, Appel E, Baruch R, Herz U, Botchkarev V, Paus R, Brodie C, Renz H. Role of nerve
growth factor in a mouse model of allergic airway inflammation and asthma. Eur J Immunol
2015; 28: 3240-3251.
Liu Y, Zhang B, Zhang S, Qi J, Zhang Z, Liu L,
Fang X. Nerve growth factor-mediated SH2Bbeta/Akt signal pathway activated in allergic
airway challenge in mice. Respirology 2010;
15: 80-87.
Chen M, Lv ZQ, Jiang SP. The effects of triptolide on airway remodelling and transforming
growth factor-β1/Smad signalling pathway in
ovalbumin-sensitized mice. Immunology 2011;
132: 376-384.
Le AV, Cho JY, Miller M, McElwain S, Golgotiu K,
Broide DH. Inhibition of allergen-induced airway remodeling in Smad 3-deficient mice. J Immunol 2007; 178: 7310-7316.

10533

[15] Cheng W, Yan K, Xie LY, Chen F, Yu HC, Huang
YX, Dang CX. MiR-143-3p controls TGF-β1induced cell proliferation and extracellular matrix production in airway smooth muscle via
negative regulation of the nuclear factor of activated T cells 1. Mol Immunol 2016; 78: 133139.
[16] Wang ZH, Zhang HT, Sun XH, Ren LH. The protective role of vitamin D3 in a murine model of
asthma via the suppression of TGF-β/Smad
signaling and activation of the Nr2/HO-1 pathway. Mol Med Rep 2016; 14: 2389-2396.
[17] Lee SH, Park JS, Park CS. The search for genetic variants and epigenetics related to asthma. Allergy Asthma Immunol Res 2011; 3:
236-244.
[18] Williams AE, Larner-Svensson H, Perry MM,
Campbell GA, Herrick SE, Adcock IM, Erjefalt
JS, Chung KF, Lindsay MA. MicroRNA expression profiling in mild asthmatic human airways
and effect of corticosteroid therapy. PLoS One
2009; 4: e5889.

Int J Clin Exp Med 2018;11(10):10526-10533

