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ABSTRACT

Background: The underlying molecular mechanisms leading to asthma remain largely unclear. MicroRNAs
(miRNAs) are short noncoding RNAs exert powerful effects on immunological function by tuning net-
works of target genes that orchestrate cell activity. However, the role of miRNAs, specifically microRNA-21
(miRNA- 21), in the regulation of allergic airway inflammation is not well defined. Our aim was to inves-
tigate the serum miRNA- 21 expression levels as potential biomarker in childhood asthma [with, without
inhaled corticosteroid (ICS) therapy, and steroid resistant (SR)]; and their possible contributions in disease
status, its molecular target interleukin-12 (IL-12) p35, and response to therapy.

Materials and methods: This study included 175 children; 95 were asthmatic patients subdivided into 3
groups [40 asthmatic children without ICS, 40 steroid sensitive (SS) asthma children and 15 steroid resis-
tant (SR) asthma children] and 80 were healthy children as healthy controls. The miRNA-21 expressions
levels were determined by quantitative real-time polymerase chain reaction (QRT-PCR) in all children.
Serum IL-12p35 and total IgE levels were measured using enzyme-linked immunosorbent assay (ELISA).
Results: The expression levels of miRNA-21 were significantly higher in the asthmatic children thanin con-
trol group (P<0.001); with significantly higher levels in asthmatic patients without ICS or in SR patients
compared to SS children (P<0.001). On contrast, serum IL-12p35 levels were significantly decreased in
asthmatic patients without ICS therapy or in SR asthma patients as compared to SS patients (P< 0.001). Our
data revealed that serum miRNA-21 expression levels was significant negatively correlated with serum
IL-12p35 levels and FEV1, while it was positively correlated with both sputum and blood eosinophils.
Importantly, serum miRNA-21 had a predictive value in differentiating SS from SR patients, with an AUC
value of 0.99, specificity of 86.7%, sensitivity of 97.5% and P<0.001.

Conclusion: This study suggested that serum miRNA-21 is stable and detectable in serum of asthmatic
children, which could promise potential biomarker in diagnosis as well as in response to therapy of

asthma.
© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Despite great progress in treatment, there is no way to pre-
vent the initial onset of asthma and there is no cure for this

Asthma is a chronic inflammatory disease of the lungs,
characterized by airway inflammation, hyper-reactivity, mucus
hyper-secretion, and airflow obstruction, resulting in a broad spec-
trum of problems, ranging from mild respiratory symptoms to
severe respiratory distress (Tarlo and Malo, 2006). The incidence
of asthma continues to increase in all age groups, and it is the most
common chronic disease in children (Moorman et al., 2011).
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disease (MacDonald et al.,2007). The difficulty in developing a more
effective therapeutic strategy may reflect the fact that the funda-
mental causes of asthma are not completely understood (Seguin
and Ferrari, 2009).

The discovery of microRNAs (miRNAs) may bring fundamental
changes in the understanding and therapeutic strategies in com-
plex human diseases such as asthma (Wang et al., 2011). miRNAs
are a class of small, noncoding, single-stranded RNAs that regulate
gene expression by binding to their target mRNA and trigger-
ing either repression of protein translation or RNA degradation.
miRNAs regulate development, differentiation, stem-cell differen-


dx.doi.org/10.1016/j.molimm.2015.12.015
http://www.sciencedirect.com/science/journal/01615890
http://www.elsevier.com/locate/molimm
http://crossmark.crossref.org/dialog/?doi=10.1016/j.molimm.2015.12.015&domain=pdf
mailto:amalelshal@gmail.com
mailto:amalelshal@yahoo.com
dx.doi.org/10.1016/j.molimm.2015.12.015

108 R.M. Elbehidy et al. / Molecular Immunology 71 (2016) 107-114

tiation, growth control, apoptosis and immune functions (Wang
et al,, 2011; Ambros, 2004). miRNAs may play an important role
in asthma as it is characterized by marked changes in gene and
protein expression in the lung (Konigshoff et al., 2008; Kuperman
etal., 2005). Notably, miRNA-21 has been found to be up-regulated
in many pathological conditions including cancer and cardiovascu-
lar diseases (Jazbutyte and Thum, 2010), and are involved in the
pathogenesis of asthma (Rodriguez et al., 2007; Chiba and Misawa,
2010). Interestingly, miRNAs can represent a new class of drug
target and their therapeutic modulation is possible by the use of
over-expression or antisense inhibition approaches (Garbacki et al.,
2011a).

Circulating nucleic acids are extracellular and are found in
serum and other body fluids of healthy subjects and patients
(Fleischhacker and Schmidt, 2007). The ability to detect and quanti-
tate specific DNA and RNA sequences has opened up the possibility
of diagnosis and monitoring of diseases (Mitchell et al., 2008). The
miRNAs in serum and other body fluids are stable under harsh
conditions including boiling, low/high pH, extended storage and
multiple freeze-thaw cycles (Chen et al., 2008; Perry et al., 2015).

Although relatively few studies have been carried out to date,
there is evidence that miRNAs are implicated in the asthmatic dis-
ease process (Perry et al,, 2015). For example, in a study by Lu
et al. (2009), investigated expressions profiles of 579 miRNAs in
transgenic mice; they revealed that miRNAs were differentially
expressed upon induction of experimental asthma following treat-
ment with doxycycline. Additionally they suggested that miRNA-21
was the most up-regulated miRNA (Lu et al., 2009). Several studies
have attempted to identify the role of miRNA in human asthmatic
subjects. An initial study by Williams et al. (2009). found no sig-
nificant difference in the expressions of 227 miRNAs in the airway
biopsy specimens obtained from mild asthmatic patients with com-
pared with healthy subjects. A subsequent study by Liu et al. (2012).
revealed up-regulation of miRNA-221 and miRNA-485-3p in the
peripheral blood of 6 asthmatic children compared with control
subjects. In a separate study, they subsequently confirmed the
up-regulation of miRNA-221 in the peripheral blood of an asth-
matic patients compared with 4 additional healthy controls (Qin
et al., 2012). Recently, Perry et al. (2015). suggested that circulat-
ing miRNAs may be useful potential biomarkers of asthma status
or response to therapy. However; the potential role of miRNAs as
biomarkers in asthma therapy remains to be determined.

Interleukin-12 (IL-12)is a heterodimeric cytokine produced pri-
marily by activated inflammatory cells (monocytes, macrophages,
neutrophils, microglia and dendritic cells), and formed of a 35-
kDa light chain (known as p35) and a 40-k Da heavy chain (known
as p40) to form the biologically active IL-12 (also called p70)
(Gately et al., 1998). Several evidences suggest that bioactive IL-
12p35 is critical for the synthesis of bioactive IL-12p70 (Trinchieri,
2003; Chen et al., 2014). IL-12 represents an essential link between
innate and adaptive immunity. It is a pro-inflammatory cytokine
that induces the production of Interferon gamma (IFN-y) and
favors the differentiation of T helper type 1 (Th1) cells. IL-12 has
been shown to markedly suppress IL-4-induced IgE production by
human mononuclear cells (PBMCs) in vitro (Qietal.,2011). Notably,
Lu et al. (2009). confirmed that IL-12p35 is a putative molecular
target of miRNA-21. Interestingly IL-12, through its capability of
inducing Th1 cells, might be capable of down-regulating patholog-
ical Th2 responses (Chenetal.,2014). This suggests that miR-21may
potentially regulate a number of processes involved in allergic air-
way inflammation (Gately et al., 1998).

To the best of our knowledge, there are no previous stud-
ies investigating the role of serum miRNA-21 expression level as
potential biomarkers of childhood asthma and response to therapy.
In light of this deficiency, the aim of the present study was to eval-
uate the potential role of miRNA-21 expression profiles as novel

molecular biomarkers of childhood asthma status, and response to
therapy. We further explored the relationships of miRNA-21 quan-
titative expressions with serum IL-12p35 levels, FEV1, blood and
sputum eosinophils (EOS) counts and percent; to elucidate their
possible contributions in disease status and response to therapy.
Knowledge of patients’ expression profiles is expected to provide
a clear understanding of how aberrant expression of miRNA-21
can aid in the development of more effective and safer therapeutic
strategies for childhood asthma.

2. Subjects and methods
2.1. Subjects

This study consisted of 175 children who were unrelated and
lived in Sharkia governorate. Ninety five children were diagnosed
as having allergic asthma (39 boys and 56 girls) admitted to pul-
monology and allergy unit, Zagazig University Children’s Hospital,
Egypt. In addition, 80 healthy children (36 boys and 44 girls), who
were randomly selected from the same geographical regions, were
matched to cases by gender, age, and exposure to tobacco smoke.
They control subjects had negative skin prick tests, normal total
IgE values, and normal lung function tests. None of control subjects
had history of chronic illness, asthma or other allergic diseases, or
respiratory tract diseases.

Asthma was diagnosed on the basis of the recommendations of
the Global Initiative for Asthma (GINA) (GINA, 2014). Childhood
asthma patients are defined as having asthma if they have visited
the hospital within the past 12 months due to wheezing without
evidence of common cold, and if their forced expiratory volume in
1s (FEV1) after inhalation of a 32 agonist increased by 12% com-
pared to prior to the inhalation. They all underwent skin prick
testing and the results were positive. The asthmatic children were
included: 40 inhaled corticosteroid (ICS) sensitive (SS) asthmatic
patients presented with less evident asthmatic symptoms after ICS
therapy. Fifteen steroid resistant (SR) asthmatics defined as less
than 15% improvement in baseline FEV1 after 14 days course of
high-dose oral steroids. The remaining 40 cases were not received
ICS therapy.

None of the participants had history suggesting upper and
lower respiratory tract diseases within 2 months, chronic heart
or lung, diabetes mellitus, tumors, and immunodeficiency dis-
eases. Moreover, none of the participants received antihistamine,
systemic corticosteroids, theophylline, long-acting [32-agonists, or
leukotriene receptor antagonists’ antihistamines within 4 weeks
prior to clinical evaluation.

The current study was approved by the Medical Ethics Commit-
tee of Faculty of Medicine, Zagazig University. Written informed
consent was obtained from all children parents.

2.2. Pulmonary function tests assay

FEV1 and forced vital capacity (FVC) were measured using
a portable spirometer (Masterlab Jaeger, Wiirzberg, Germany).
Short-acting bronchodilators were stopped at least 8 h before the
test. All pulmonary function data were collected at a single visit.
A minimum of 3 results within 10% of each other were recorded,
and the result with the highest FEV1 was analyzed, according
to the standards of the European Respiratory Society (European
Respiratory Society, 1993). The participants were not suffering from
asthma exacerbations or other acute illnesses at the time of the
measurement of pulmonary function. The lung function test results
were expressed as a percentage of that predicted.
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2.3. Sputum induction and processing

After baseline FEV; measurements, subjects were pre-
treated with inhaled salbutamol (200 .g) to minimize broncho-
constriction during the induction procedure. 10 min later nebuliza-
tion was done with hypertonic (3%) sterile saline solution for three
periods of 5 min at most by nebulizer (DeVilbiss 65 ultrasonic neb-
ulizer; DeVilbiss, Somerset, PA, USA). The subjects were instructed
to cough sputum into containers. If any symptom occurred or fall
in FEV1 of >20% compared to baseline values;the nebulization was
discontinued .The volume of the selected sputum was measured
and 0.1% dithiothreitol (Sigma Chemicals, Poole, United Kingdom)
added to the sputum in a 4:1 ratio to break up the disulphide
bonds and disperse the cells. The cell suspension was aspirated
until homogenized and filtered to remove any remaining debris.
Phosphate-buffered saline (PBS) was then added to the cell suspen-
sion (Brightling, 2006; Pignatti et al., 2002).Staining of cell was done
by trypan blue; the cell count and viability were determined. The
cell suspension is centrifuged at 400 x g for 10 min and cytospins
made and stained by May-Gruinwald Giemsa stain (Bio Optica
Milano s.p.a). Four hundred non-squamous cells are counted: an
adequate sample is defined as less than 50% squamous cells. The
eosinophils count is then expressed as a percentage of the total cell
count as it is more accurate than absolute count (Fantin et al., 2001).

2.4. Blood sample collection

A 5mL blood sample was taken under aseptic conditions and
divided into 2 portions: 2 mL of whole blood was collected in sterile
EDTA-containing tubes for RNA extraction and eosinophil counts,
and the remainder was left for 30 to 60 min for spontaneous clot-
ting at room temperature before being centrifuged at 1000 x g for
10 min. Serum samples were kept frozen at —20°C for determina-
tion of IL12p35 and total IgE levels.

2.5. Measurement of total immunoglobulin E (IgE) levels

Total IgE level was measured by enzyme-linked immunosorbent
assay (ELISA) using AccuBind IgE Quantitative Kits, (Lake Forest,
California, USA).

2.6. Measurement of IL-12p35 serum levels

Serum levels of IL-12p35 were determined using the human
ELISA kits of MyBioSource. Inc.(Minneapolis, MN, USA) according to
instructions given by the manufacturer. The minimum detectable
dose of IL-12p35 with these assay kits was 1 pg/ml.

2.7. Extraction of serum miRNA-21:

Total RNA containing miRNAs was extracted from serum using
a commercial miRNeasy extraction kit (Qiagen, Valencia, CA, USA)
according to the manufacturer’s instructions. The miRNeasy Mini
Kit combines phenol-/guanidine-based lysis of samples with silica-
membrane-based purification of total miRNAs. Briefly, 500 .l
QIAzol lysis reagent was added to 100 .l serum samples and the
mixture was incubated for 5 min at room temperature. Then, chlo-
roform (100 1) was added and shook tube vigorously by hands for
15 s and incubated at room temperature for 5 mins. After centrifu-
gation at 12,000 x g for 15 min at 4°C, the upper aqueous phase of
supernatant was transferred to a fresh tube and 1.5 times its volume
of ethanol (100%) was added. 700 p.l of this mixture was transferred
into an RNeasy mini column and centrifuged at 8000 x g for 1 min
at room temperature After the mixture had completely passed the
column,. This step was repeated until all of the mixture had com-
pletely passed the column to the mini column. Next, the column

was washed two times with 500 pl RNA wash buffer (RWT buffer)
centrifuged for 155 at 8,000 x g at room temperature.Then,500 .l
buffer RPE was added to the column and centrifuged at 8000 x g at
room temperature for 15s. Another 500 pl buffer RPE was added
to the column and centrifuged at 8000 x g at room temperature
for 2 min. The column was transferred to a new 1.5 mL collection
tube and 50 .l RNase-free water was pipetted directly onto the col-
umn and centrifuged for 1 min at 8000 x g to elute RNA. Finally, the
quantity and purity of serum RNA was confirmed by the value of
optical density (OD) at 260 and 280 nm using a spectrometer, with
acceptable RNA purity ranging from 1.8 to 2.1.

2.8. Reverse transcription and quantification of serum miRNA-21

The miScript Il reverse transcription kit (Qiagen, Valencia, CA,
USA) was used for polyadenylation and reverse transcription of
miRNA to complementary DNA (cDNA). After mixing with template
RNA(100 ng), 5X miScript buffer, miScript reverse transcriptase mix
and RNase-free water in a final volume of 20 wl, the mixture was
centrifuged briefly and incubated for 60 mins at 37°C. To inacti-
vate the reverse transcriptase mix, the samples were incubated for
5mins at 95°C and then placed on ice for furter PCR analysis.The
diluted cDNA templates were either stored at -20°C or used to
precede with further to quantitative real-time polymerase chain
reaction (qRT-PCR).

2.9. Expression of serum miRNA-21

Subsequently, the resultant cDNA was subjected to qRT-PCR to
evaluate expression of serum of miRNA-21 using mi-Script SYBR®
Green PCR Kit with miScript Primer assays (Qiagen, Valencia, CA,
USA). This kit includes QuantiTect SYBR Green PCR Master Mix
and the miScript Universal Primer (reverse primer that use to
detect miRNAs) in combination with a miScript Primer Assay (Cat.
no.MS00009079) that specifically recognizes the targeted miRNA-
21.The housekeeping miScript PCR control, miRNA SNORDG8 was
selected as internal control. SNORD68 was reported to be expressed
stably in different tissues (Mu et al., 2013) and of comparable sta-
bility to other small non-coding RNAs in several diseases (Shaffer
et al., 2012) making its possible use as normalization control in
miRNA PCR analysis. Notably, there are no reported results that
SNORDG68 alters its expression in asthmatic patients or by corti-
costeroids treatment. The real-time qPCR was performed on a Step
One Plus™ System (Applied Biosystems Inc, Foster, CA). The PCR
conditions were as follows: 95 °C for 15 min, followed by 40 cycles
at94°Cfor 15s,55°Cfor30sand 70 °C for 34 s. The cycle threshold
(CT) is defined as the number of cycles required for the fluorescent
signal to cross the threshold in real-time PCR. The expression of
miRNAs was reported as the ACt value, which was calculated by
subtracting the CT values of miRNA SNORD68 from the CT values of
the target miRNAs. Because there is an inverse correlation between
ACt and miRNA expression levels, lower ACt values are associated
with increased miRNA expression. The 2-2ACt method was used in
the analysis of PCR data for relative quantification of miRNA-21.

2.10. Statistical analysis

The data were tabulated and statistically analyzed using Statis-
tical Package for Social Sciences (SPSS Inc. Chicago, IL, USA) version
17. Data are presented as the mean + standarddeviation (+SD), and
percentages when appropriate. Comparison of continuous data was
performed using student t test and Mann-Whitney test for two
groups, while for more than two groups ANOVA test was used. The
threshold value for optimal sensitivity and specificity of miRNA-
21 was determined by receiver operating characteristics (ROC)
curve. The correlation coefficients were calculated using Spearman
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Table 1
Clinic-demographic characteristics, laboratory and miRNA-21 expression profiles in
healthy controls and asthmatic patients.

Parameters Healthy controls Asthmatic Pvalue
(n=80) patients
(n=95)
Age, years 8.6+2.9 9.0+2.7 0.92
Gender, n (%)
- Male 36(45) 39(41.1) 0.71
-Female 44(55) 56(58.9)
Mean age at onset (years) - 44+1.2 -
Residence
-Rural 34(42.5) 35(36.8) 0.54
-Urban 46(57.5) 60(63.2)
Family history of asthma
-Negative 71(88.8) 26(27.4) <0.001"
-Positive 9(11.2) 69(72.6)
FEV1 90.3+4 68.8+5.7 <0.001
Blood eosinophil count(cell/ul) 241.1+93.5 384.7 +£110.6 <0.001°
Sputum eosinophil (%) - 10.5+3.9 -
IL-12p35(pg/ml) 214+274 47.4+9.5 <0.001
miRNA-21expression levels 0.79+0.25 2.8+0.5 <0.001

FEV1: forced expiratory volume in 1s.
Quantitative data are represented as mean =+ S.D., qualitative data are represented
as number and frequency.

" Statistically significant from control group (P<0.05).

correlation. Linear regression analysis was done to test possible
association between miRNA-21 and other parameters. Multiple
logistic regression analysis was performed to evaluate whether
the biomarker miRNA-21 could predict the ICS response in asth-
matic patients P-values less than 0.05 were considered statistically
significant.

3. Results

3.1. Clinic-demographic characteristics, laboratory and
miRNA-21 expression profiles in asthmatic patients and control

group

Data represented in Table 1 showed that there were highly sig-
nificant differences in terms of family history of asthma, FEV1, and
blood eosinophil count (P<0.001 for each), whereas no significant
differencesin the age, sex, and residence between the control group
and asthmatic patients.

In current study, serum miRNA-21 expression was measured
using qRT-PCR and normalized to SNORDG68 as reference control.
The expression level of miRNA-21 was significantly higher in asth-
matic children in comparison with healthy controls (P<0.001). In
contrast, serum IL-12 p35 levels were significantly lower in asth-
matic children compared to control group (P<0.001).

3.2. Clinic-demographic characteristics, laboratory and
miRNA-21 expression profiles in control group and asthmatic
patients sub-groups

The findings presented in Table 2 demonstrated that there was
a highly significant increase in the blood eosinophil count and a
highly significant decrease of FEV1 in asthmatic patients without
therapy, steroid sensitive (SS) asthma patients or steroid resis-
tant (SR) asthma patients as compared to control group (P<0.001
for each). Moreover, we found a significant decrease of blood
eosinophil count and sputum eosinophil percent in SS children than
SR children or asthmatic children without ICS or (P=0.009, P<0.001
respectively). A significant increase of FEV1 in SS asthma patients
than SR patients or patient without ICS (P=0.001, P<0.001 respec-
tively) was found. However, there were no significant differences

in family history of asthma age, sex, and residence were detected
between SS, SR or asthmatic patients without ICS therapy.

Moreover, the quantitative expression of miRNA-21 in serum
were significantly higher in SS, SR and patients without ICS therapy
as compared to healthy controls (each, P<0.001). In SR patients and
in asthmatic patients without ICS therapy, serum expression levels
of miRNA-21 were significantly higher than in SS children (P<0.001
for each).

On the other hand, there were significant decreases of serum
IL-12 p35 levels in SS,SR and patients without ICS therapy as com-
pared to healthy children (P<0.001 for each). Additionally, serum
IL-12p35 levels were significantly lower in SR patients and in asth-
matic patients without ICS therapy than SS patients (P<0.001 for
each).

3.3. ROC curve analysis

ROC analysis (Fig. 1A) revealed that miRNA-21 could differenti-
ate asthmatic patients from healthy controls with an AUC of 0.80
for miRNA-21 (95% CI: 0.74-0.87, P<0.001). The optimal sensitiv-
ity and specificity to differentiate asthmatic children from controls
were (92.6% and 77.2% at a cutoff expression value >0.58). This
finding suggests that miRNA-21 could be a potential diagnostic
biomarker in childhood asthma.

Moreover, ROC analysis (Fig. 1B) showed that miRNA-21 could
predict the response to therapy with an AUC of 0.99 (95% CI:
0.98-1.09, P<0.001). At cutoff value <2.8, miRNA-21 provided sen-
sitivity of 97.5% and specificity of 86.7% for identifying patients
responded to ICS treatment.

3.4. Correlation of miRNA-21 with serum IL-12p35 levels, FEV]1,
blood eosinophil count, and sputum eosinophil percent.

We further clarified the relations between the quantitative
expression levels of miRNA-21 with serum IL-12 p35 levels, FEV1,
blood eosinophil count, and sputum eosinophil percent among
the asthmatic cases using Pearson correlation analysis. As shown
in Fig. 2(A&B), the quantitative expression levels of miRNA-21
showed significant negative correlations with serum IL-12p35 lev-
els and FEV1 (r=-0.69, P<0.001; r=-0.38, P<0.001 respectively).
In contrast, miRNA-21 expression levels were positively correlated
with both blood eosinophil count and sputum eosinophil per-
cent(r=0.62, P<0.001; r=0.29, P=0.005 respectively (Fig. 2C&D).

3.5. Analysis of the power of miRNA-21 to predict ICS response in
asthmatic cases

Logistic regression analysis was performed to evaluate whether
the miRNA-21 could predict the ICS response in asthmatic patients.
We found that miRNA-21 was an independent predictor for ICS
response, with an odds ratio of 1.9 (1.3-2.7), P=0.002, 95% CI:
1.3-2.7 and P=0.004.

4. Discussion

The miRNAs are small ~22 nucleotide noncoding RNAs that
inhibit gene expression by mRNA degradation, or translational
repression. Importantly, cellular miRNAs can regulate cell func-
tions, including proliferation, differentiation, immune reaction, and
tumorigenesis. It is not surprising that circulating miRNAs display
consistent profiles between healthy individuals and significantly
altered expression in diseases (Allegra et al., 2012; Angulo et al.,
2012). In addition, miRNAs also have an essential role in both the
innate and adaptive immune system. Proper miRNA expression is
required for correct differentiation of immune cells (Angulo et al.,
2012; Luand Liston, 2009). However, the functions of these miRNAs
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Fig. 1. (A) Receiver operating characteristic (ROC) curve for miRNA-21expression in discriminating between asthmatic patients and controls. (B) Receiver operating charac-
teristic (ROC) curve for miRNA-21 in differentiating between steroid sensitive and steroid resistant asthma patients.
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Table 2
Clinic-demographic characteristics, laboratory and miRNA-21 expression profiles in control group and asthmatic patients sub-groups.

Parameters Healthy controls (n=80) Asthmatic patients (n=95)
Asthmatic patients Steroid sensitive Steroid resistant
without ICS asthmatic patients asthmatic patients
(n=40) (n=40) (n=15)
Age, years 8.6+2.9 9.0+25 89+2.7 9.1+3.1
Gender, n (%)
- Male 36(45) 17(42.5) 15(37.5) 7(46.7)
-Female 44(55) 23(57.5) 25(62.5) 8(53.3)
Mean age at onset (years) - 4.6+09 43+£1.2 42+15
Residence
-Rural 34(42.5) 16(40) 14(35) 5(33.3)
-Urban 46(57.5) 24(60) 26(65) 10(66.7)
Family history of asthma
-Negative 71(88.8) 10(25) 12(30) 4(26.7)
-Positive 9(11.2) 30(75) 28(70) 11(73.3)
FEV1 90.3+4 65.6 +5.7% 73.4+6.3%P 67.3+4.5%
Blood eosinophil count(cell/l) 241.1+93.5 436.6+118.7% 324.6+81.2%P 387.7 £63.3%¢
Sputum eosinophil (%) - 11.3+4.2 9.5+3.1° 11.24+3.2
IL-12p35(pg/ml) 214+274 433+12.3° 60.3 +19.6*" 36.7 +£10.5%¢
miRNA-21expression level 0.79+0.25 3.62+0.74° 1.95+0.54*> 3.57+0.36%¢

FEV1: Forced expiratory volume in 1s. ICS: Inhaled corticosteroid therapy.

Quantitative data are represented as mean + SD, qualitative data are represented as number and frequency.

2 p<0.05 when compared each group to control group.

b p<0.05 when compared steroid sensetive or steroid resistant asthmatic patients to asthmatic patients without ICS.

¢ p<0.05 when compared steroid resistant to steroid sensitive asthmatic patient.

as potential biomarkers for diagnosis, prognosis and therapeutic
applications remain to be clarified.

The pathogenesis of asthma is influenced by both genetic factors
and environmental triggers. The pathophysiologic changes leading
to disease remain unclear and to date there are no fully effective
therapies (Renz et al., 2011). Evidence is emerging that miRNAs
are critical for lung development and for maintaining the lung in
a disease-free state (Nana-Sinkam et al., 2009a; Tomankova et al.,
2011). Notably, diagnosis of asthma is difficult due to a lack of accu-
rate non-invasive biomarkers, and the regulatory mechanisms that
govern cytokine expression are not well defined (Broide, 2008).
Recent studies have shown that miRNA-21 target sites are located
within IL-12 mRNA, therefore miRNA-21 can significantly inhibit
the translation process after IL-12 transcription (Lu et al., 2009; Lu
and Rothenberg, 2013).

Therefore, we hypothesized that the different expression of
miRNA-21 between asthmatic patients and healthy individuals
leads to alterations inits target, IL-12p35, in childhood asthma. This
disturbance may lead to a disruption of homeostasis and the poten-
tial for enhanced airway inflammation mainly through IL-12p35.
Additionally, miRNA-21 could be a novel predictor of ICS response
which helps in decision-making and identify patients who are likely
or unlikely to ICS therapy. Thus, it reduces the risk of side effects
and spare patients from disappointment of treatment failure.

Our results revealed that the expression levels of miRNA-21
were significantly higher in asthmatic children as a whole and in
SS, SR and asthmatic patients without ICS subgroups, more than
in healthy controls. ROC analysis confirmed that miRNA-21 may
be useful as potential diagnostic biomarkers for the diagnosis of
childhood asthma (sensitivity: 92.6% and specificity 77.2% at a
cutoff value >0.58). Moreover, the quantitative serum expression
miRNA-21 levels are significantly high in SR asthmatic patients as
compared to SS patients. ROC analysis showed that miRNA may
be a predictive value for response to therapy (sensitivity: 97.5%
and specificity 86.7% at a cutoff valuen >2.8. Thus, miRNA-21 can
be useful for predicting patient drug responses before intake of
ICS therapy, thereby reducing ineffective treatments. Similar to the
present data, it has been recently reported that sera of patients with
inflammatory disorders, such as eczema and psoriasis, in addition
to autoimmune diseases, including systemic lupus erythematosus

and rheumatoid arthritis contain elevated levels of miRNA-21 in
comparison to healthy controls (Schickel et al., 2008; Sonkoly et al.,
2007; Nana-Sinkam et al., 2009b). Also our result are in accor-
dance with an miRNA array analysis in murine models of acute
and chronic asthma, which revealed that miRNA-21 expression
in the lungs changed following exposure to allergens, and sug-
gested that miRNA-21 may regulate the biological processes during
the course of asthma development (Garbacki et al., 2011b). Inter-
estingly, by using three different experimental animal models of
asthma, OVA (ovalbumin), Aspergillus fumigatus, lung specific-IL-
13 overexpression, Lu et al. have shown that miRNA-21is the most
up-regulated miRNA in asthma (Lu et al.,, 2009). Levdnen et al.
demonstrated also an altered expression of miRNA-21of exosomes
isolated from bronchoalveolar lavage fluid (BALF) between asth-
matic patients and healthy subjects (Levdnen et al., 2013). Recently,
Sawant et al (Sawant et al.,, 2015). reported that miRNA-21 was
elevated in the sera of both asthma and eosinophilic esophagitis
patients, whereas they found no relation between serum miRNA-
21 levels and atopy. In contrast, Williams and colleagues found no
difference between the miRNA-21 expression profiles of healthy
and mild asthmatic donors (Williams et al., 2009). Report by Liu
et al,, (2012). does not reflect any significant differences between
miRNA-21 expression levels in lung tissues of Chinese asthmatic
patients and healthy children. This discrepancy might be due to
the different samples used between our study and others.

As the IL-12 p35 is a component of the functional active het-
erodimer form of IL-12 and the main target of miRNA-21 (Lu et al.,,
2009), we analyzed its level in asthmatic and healthy children. In
our study, there were significant decreases of serum IL-12p35 levels
in asthmatic children and asthma subtypes as compared to healthy
children. Serum IL-12 p35 levels were significantly lower in asth-
matic patients without ICS therapy and in SR asthmatic patients
than SS asthmatic patients. In accordance with our data, Lu et al.
reported that IL-12 p35 levels were significantly decreased during
asthma in three experimental animal models (Lu et al., 2009). This
was expected as IL-12 is a key cytokine derived from macrophages
and dendritic cells involved in adaptive immune responses involv-
ing T helper cells (Th) 1 cell polarization (Trinchieri, 2003) and
down-regulates Th2 responses (Jirapongsananuruk and Leung,
1997). Studies in asthma models concluded that the administra-
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tion of IL-12 before and during the period of allergen challenge
prevented allergen-induced airway eosinophilia, airway hyperre-
sponsiveness, the production of Th2 cytokines, and the production
of allergen-specific serum IgE (Sur et al., 1996), whereas it increased
the production of interferon-y and enhanced apoptosis of CD4+ T
cells in allergic airway infiltrates (Kodama et al., 2003).

Our data revealed that serum miRNA-21 expression levels was
significant negatively correlated with serum IL-12 p35 levels and
FEV1. In harmony with our findings, Lu et al. (2009). provided the
first significant insight into the role of miRNA-21 in experimen-
tal asthma model by showing that miRNA-21 expression could be
stimulated by IL-13 and that miRNA-21 targets IL-12p35 mRNA and
lowers IL-12 protein expression. IL-12p35 plays a role in balanc-
ing the Th2/Th1 skewing of T-helper cells; less IL-12 expression
would partially account for the exaggerated Th2 response seen
in asthma (Lu et al., 2009). This research was expanded upon by
studying the immune response of miRNA-21-/~ mice (Lu et al.,
2011). Following OVA stimulation, these mice produced greater
interferon vy and IL-12, whereas there was significantly less IL-
4 compared with normal OVA-treated mice. Consequently, these
mice had less influx of eosinophils into the lung but experienced
greater Th1 hypersensitivity. Thus, Lu et al. have created an impor-
tant explanation of how IL-12 controls the Th1/Th2 balance and
how miRNA-21 in turn regulates IL-12 and promotes Th2 skewing
(Lu et al.,, 2011). Importantly, Song-Quan et al. (2014) stated that
the increased expression miRNA-21 levels were significantly corre-
lated with decreased serum IL-12 levels in allergic asthmatic mice
compared with those controls or asthmatic mice on dexametha-
sone groups . The miRNA-21’s role in IL-12 regulation is not the
only proposed activity for this miRNA. Sheedy et al. (2010) have
proposed that miRNA-21 can have an anti-inflammatory/negative
feedback regulatory role by targeting programmed cell death pro-
tein 4(PDCD4) (Wu et al.,, 2014). PDCD4 is a proinflammatory
protein that down-regulates IL-10 production. This dual role for
miRNA-21 demonstrates the complex nature of miRNA regula-
tion, and both studies make the case for miRNA-21 being an
immunomodulating molecule (Sheedy et al., 2010). These findings
are not just of academic interest because anti-miRNA-21 adminis-
tration could be promising treatment for asthma.

In the present study, we found significant decreased miRNA-
21 expression levels and increased IL-12p35 concentrations in SS
asthmatic patients compared to SR; but still significantly differ from
normal controls. Our results are in accordance with Wu et al. (2014)
who found that miRNA-21 expression was up-regulated in asth-
matic adult bronchial epithelial cells regardless of treatment, but
expression levels were decreased following ICS therapy (Sheedy
et al, 2010). Song-Quan et al. (2014) reported also increased
IL-12p35 concentrations and decreased miRNA-21 expression lev-
els in dexamethasone treated asthmatic mice compared to non
treated asthmatic group. This findings could be explained by re-
establishment of the Th1/Th2 balance in asthmatic patients despite
have not been sufficient to satisfactorily reach the normal values in
healthy children (Song-Quan et al., 2014; Wu et al., 2014).

In contrast to our study, Williams et al. (2009). showed that
changes in miRNA-21 expression are not associated with the mild
asthma phenotype in adults or the anti-inflammatory action of
the corticosteroid. This may be explained by the fact that the
inflammatory changes were too mild, and the degree of cellular
heterogeneity in airway biopsies (Williams et al., 2009).

Corticosteroids are potent anti-inflammatory agents that are
known to interfere with a number of intracellular pathways includ-
ing transcription factors such as nuclear factor kappa B (NF)-,B and
activator protein 1(AP-1)(Ito et al., 2006). NF-kB-binding sites were
located in miRNA-21 gene transcriptional elements and enhanced
the binding of NF-kB to the promoter of miRNA-21 and leads to
upregulation of miRNA-21 (Shin et al., 2011). Additionally, the AP-

1 activates miRNA-21 transcription through binding to miRNA-21
promoter and enhanced its expression (Fujita et al., 2008). Taken
together, the miRNA-21 was directly regulated by NF-kB and AP-1.
Also, this explained the decrease of miRNA-21 expression levels in
asthmatic patients on ICS therapy because ICS therapy can down-
regulate miRNA-21 expression.

It could be useful to further analyze correlations between serum
miRNA-21 expression and FEV1, as well as blood and sputum
eosinophils. In our study, there was significant positive correla-
tion between miRNA-21 expression and both sputum and blood
eosinophils. It is important to note that miRNA-21 up-regulation
has commonly been associated with a variety of disorders with
significant eosinophilia including asthma (Broide, 2008), ulcera-
tive colitis (Wu et al., 2008), and eosinophilic esophagitis (Lu et al.,
2012). Lu et al. (2012) found that miRNA-21 was among the most
up-regulated miRNAs in patients with eosinophilic esophagitis and
has the highest correlation with esophageal eosinophil levels. They
demonstrated that miRNA-21 can regulate the development of
eosinophils by influencing eosinophil progenitor cell growth (Lu
et al.,, 2013). In a miRNA-21-null mouse model of asthma, aller-
gen stimulation, decreases pulmonary eosinophil accumulation,
increases IL-12 expression and increases Th1 response in compar-
ison to a wild-type mouse model of asthma (Lu et al., 2011).

Interestingly, we observed a significant negative correlation
between miRNA-21 expression levels and FEV1 in asthmatic chil-
dren. Panganiban et al. found also the same relation between
miRNA-21 expression and FEV1 (Panganiban et al., 2012). The sig-
nificant correlations between serum miRNA-21 expression with
FEV1, as well as blood and sputum eosinophils is an important
observation, it indicates that cellular events occurring in the lungs
are reflected systemically in the blood. It also raises the possibility
that profiling of serum miRNA-21 levels may be utilized to assess
a patient’s disease status based on its severity.

5. Conclusion

The circulating extracellular miRNA-21 can be used as non inva-
sive diagnostic biomarker in asthma. It is a promising severity
biomarker, through its positive correlations with blood eosinophils
count and sputum eosinophil percent, as well as its negative cor-
relations with FEV1 and serum IL-12p35 levels. Finally, serum
miRNA-21 has a high predictive therapeutic value in differentiating
ICS sensitive from ICS resistant asthmatic patients.

Declaration of interest

The authors report no declarations of interest.

References

Allegra, A., Alonci, A., Campo, S., Penna, G., Petrungaro, A., Gerace, D., et al., 2012.
Circulating microRNAs: new biomarkers in diagnosis, prognosis and treatment
of cancer (review). Int. J. Oncol. 41, 1897-1912.

Ambros, V., 2004. The functions of animal microRNAs. Nature 431, 350-355.

Angulo, M.1, Lecuona, E., Sznajder, ].I, 2012. Role of MicroRNAs in lung disease.
Arch. Bronconeumol. 48 (9), 325-330.

Brightling, C.E., 2006. Sputum induction in asthma: a research technique or a
clinical tool? Chest 129, 503-504.

Broide, D.H., 2008. Immunologic and inflammatory mechanisms that drive asthma
progression to remodeling. J. Allergy Clin. Immunol. 121, 560-570.

Chen, X., Ba, Y., Ma, L, Cai, X,, Yin, Y., Wang, K., Guo, ]., Zhang, Y., Chen, ]., Guo, X,
et al., 2008. Characterization of microRNAs in serum: a novel class of
biomarkers for diagnosis of cancer and other diseases. Cell Res. 18, 997-1006.

Chen, Chia-Jung, Hou, Jia-Woei, Chiang, Bor-Luen, 2014. The difference in immune
response and IL-12p35 methylation between newborns and adults. J. Biomed.
Sci. 21, 76-83.

Chiba, Y., Misawa, M., 2010. MicroRNAs and their therapeutic potential for human
diseases: MiR-133a and bronchial smooth muscle hyperresponsiveness in
asthma. J. Pharmacol. Sci. 114, 264-268.


http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0005
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0005
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0005
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0005
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0005
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0005
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0005
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0005
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0005
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0005
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0005
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0005
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0005
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0005
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0005
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0005
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0005
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0005
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0005
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0010
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0010
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0010
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0010
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0010
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0010
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0010
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0010
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0010
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0010
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0015
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0015
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0015
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0015
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0015
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0015
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0015
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0015
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0015
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0015
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0015
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0015
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0015
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0020
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0020
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0020
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0020
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0020
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0020
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0020
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0020
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0020
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0020
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0020
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0020
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0020
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0020
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0020
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0020
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0025
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0025
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0025
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0025
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0025
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0025
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0025
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0025
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0025
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0025
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0025
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0025
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0025
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0025
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0025
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0025
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0025
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0025
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0030
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0030
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0030
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0030
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0030
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0030
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0030
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0030
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0030
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0030
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0030
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0030
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0030
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0030
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0030
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0030
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0030
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0030
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0030
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0030
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0030
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0030
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0030
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0035
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0035
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0035
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0035
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0035
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0035
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0035
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0035
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0035
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0035
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0035
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0035
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0035
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0035
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0035
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0035
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0035
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0035
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0035
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0040
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0040
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0040
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0040
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0040
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0040
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0040
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0040
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0040
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0040
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0040
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0040
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0040
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0040
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0040
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0040
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0040
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0040
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0040
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0040
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0040
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0040
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0040

114 R.M. Elbehidy et al. / Molecular Inmunology 71 (2016) 107-114

European Respiratory Society, 1993. Standardized lung function testing. Eur.
Respir. J. 6 (16), 3-52.

Fantin, B., Aubert, J.P., Unger, P., Lecoeur, H., Carbon, C., 2001. Clinical evaluation of
the management of community acquired pneumonia in elderly by general
practitioner in France. Chest 120, 185-192.

Fleischhacker, M., Schmidt, B., 2007. Circulating nucleic acids (CNAs) and cancer: a
survey. Biochim. Biophys. Acta 1775, 181-232.

Fujita, S., Ito, T., Mizutani, T., Minoguchi, S., Yamamichi, N., Sakurai, K., et al., 2008.
miR-21 Gene expression triggered by AP-1 is sustained through a
double-negative feedback mechanism. ]. Mol. Biol. 378, 492-504.

GINA, Global Initiative for Asthma. Global Strategy for Asthma Management and
Prevention 2014. avaliable from http://www.ginasthma.com.

Garbacki, N., Di Valentin, E., Huynh-Thu, V.A,, Geurts, P., Irrthum, A., Crahay, C.,
Arnould, T., et al., 2011a. MicroRNAs profiling in murine models of acute and
chronic asthma: a relationship with mRNAs targets. PLoS One 6, e16509.

Garbacki, N., Di Valentin, E., Huynh-Thu, V.A,, Geurts, P., Irrthum, A., 2011b.
MicroRNAs profiling in murine models of acute and chronic asthma: a
rela-tionship with mRNAs targets. PLoS One 6, e16509.

Gately, M.K,, Renzetti, L.M., Magram, ]., Stern, A.S., Adorini, L., Gubler Uand Presky,
D.H., 1998. The interleukin-12/interleukin-12-receptor system: role in normal
and pathologic immune responses. Annu. Rev. Immunol. 16, 495-521.

Ito, K., Chung, K.F., Adcock, .M., 2006. Update on glucocorticoid action and
resistance. J. Allergy Clin. Immunol. 117, 522-543.

Jazbutyte, V., Thum, T., 2010. MicroRNA-21: From cancer to cardiovascular disease.
Curr. Drug Targets 11, 926-935.

Jirapongsananuruk, O., Leung, D.Y., 1997. Clinical application of cytokines: new
direction in the therapy of atopic diseases. Annu. Allergy Asthma Immunol. 79,
5-20.

Kodama, T., Kuribayashi, K., Nakamura, H., et al., 2003. Role of interleukin- 12 in
the regulation of CD4+ T cell apoptosis in a mouse model of asthma. Clin. Exp.
Immunol. 131, 199-205.

Konigshoff, M., Balsara, N., Pfaff, E.-M., Kramer, M., Izabella Ch Seeger, W., et al.,
2008. Disease-specific gene expression profiling in multiple models of lung
disease. Am. J. Respir. Crit. Care Med. 177, 376-387.

Kuperman, D.A., Lewis, C.C., Woodruff, P.G., Rodriguez, M.W., Yang, Y.H., Dolganov,
G.M,, et al., 2005. Dissecting asthma using focused transgenic modeling and
functional genomics. J. Allergy Clin. Immunol. 116, 305-311.

Levdnen, B., Bhakta, N.R,, Torregrosa Paredes, P., Barbeau, R., Hiltbrunner, S.,
Pollack, J.L., et al.,, 2013. Altered microRNA profiles in bronchoalveolar lavage
fluidin asthmatic patients. J. Allergy Clin. Immunol. 131 (3), 894-903.

Liu, F., Qin, H.B,, Xu, B., Zhou, H., Zhao, D.Y., 2012. Profiling of miRNAs in pediatric
asthma: upregulation of miRNA-221 and miRNA-485-3p. Mol. Med. Rep. 6,
1178-1182.

Lu, L.F,, Liston, A., 2009. MicroRNA in the immune system, microRNA as an immune
system. Immunology 127, 291-298.

Lu, T., Rothenberg, M., 2013. Diagnostic, functional, and therapeutic roles of
microRNA in allergic diseases. J. Allergy Clin. Immunol. 132 (1), 3-13.

Lu, T.X., Munitz, A., Rothenberg, M.E., 2009. MicroRNA-21 is up-regulated in
allergic airway inflammation and regulates IL-12p35 expression. ]. Immunol.
182 (8), 4994-5002.

Lu, T.X., Hartner, J., Lim, EJ., Fabry, V., Mingler, M.K,, Cole, E.T., et al., 2011.
MicroRNA-21 limits in vivo immune response-mediated activation of the
IL-12/IFN-gamma pathway, Th1 polarization, and the severity of delayed-type
hypersensitivity. . Immunol 187, 3362-3373.

Ly, T.X,, Sherrill, ].D., Wen, T., Plassard, A.]., Besse, J.A., Franciosi, J.P., et al., 2012.
MicroRNA signature in patients with eosinophilic esophagitis, reversibility
with glucocorticoids, and assessment as disease biomarkers. J. Allergy Clin.
Immunol. 129, 1064-1075.e9.

Ly, T.X,, Lim, EJ., Itskovich, S., Besse, ].A., Plassard, A J., Mingler, M.K,, et al., 2013.
Targeted ablation of miR-21 decreases murine eosinophil progenitor cell
growth. PLoS One 8 (3), e59397.

MacDonald, C,, Sternberg, A., Hunter, P.R., 2007. A systematic review and
meta-analysis of interventions used to reduce exposure to house dust and
their effect on the development and severity of asthma. Environ. Health
Perspect. 115, 1691-1695.

Mitchell, P.S., Parkin, R.K., Kroh, E.M.,, Fritz, B.R.,, Wyman, S.K.,
Pogosova-Agadjanyan, E.L., et al., 2008. Circulating microRNAs as stable
blood-based markers for cancer detection. Proc. Natl. Acad. Sci. U. S. A. 105,
10513-10518.

Moorman, J.E., Zahran, H., Truman, B.I,, Molla, M.T., 2011. Current Asthma
Prevalence—United States, 2006-2008. Morb. Mortal. Weekly Rep. (MMWR)
60, 84-86.

Mu, Y., Zhou, H., Li, W., Hu, L., Zhang, Y., 2013. Evaluation of RNA quality in fixed
and unembedded mouse embryos by different methods. Exp. Mol. Pathol. 95,
206-212.

Nana-Sinkam, S.P., Hunter, M.G., Nuovo, G.J., Schmittgen, T.D., Gelinas, R., Galas, D.,
Marsh, C.B., 2009a. Integrating the MicroRNome into the study of lung disease.
Am. ]. Respir. Crit. Care Med. 179, 4-10.

Nana-Sinkam, S.P., Hunter, M.G., Nuovo, G.J., Schmittgen, T.D., Gelinas, R., Galas, D.,
Marsh, C.B., 2009b. Integrating the MicroRNome into the study of lung disease.
Am. ]. Respir. Crit. Care Med. 179, 4-10.

Panganiban, R.P., Pinkerton, M., Maruy, S.Y., Jeffersons, J., Roff, A.N., Ishmael, F.T.,
2012. Differential microRNA epression in asthma and the role of miR-1248 in
regulation of IL-. Am. J. Clin. Exp. Immunol. 1 (2), 154-165.

Perry, M.M., Adcock, .M., Chung, K.F., 2015. Role of microRNAs in allergic asthma:
present and future. Curr. Opin. Allergy Clin. Immunol. 15 (2), 156-162.

Pignatti, P., Delmastro, M., Perfetti, L., Bossi, A., Balestrino, A., Di Stefano, A,, et al.,
2002. Is dithiothreitol affecting cells and soluble mediators during sputum
processing. A modified methodology to process sputum? J. Allergy Clin.
Immunol. 110, 667-668.

Qi, P,, Cheng, S.Q., Wang, H,, Li, N., Chen, Y.F,, Gao, C.F.,, 2011. Serum microRNAs as
biomarkers for hepatocellular carcinoma in Chinese patients with chronic
hepatitis B virus infection. PLoS One 6, e28486.

Qin, H.B., Xu, B., Mei, ]J., Li, D., Liu, ].J., Zhao, D.Y., et al., 2012. Inhibition of
miRNA-221 suppresses the airway inflammation in asthma. Inflammation 35,
1595-1599.

Renz, H., Autenrieth, I.B., Brandtzaeg, P., Cookson, W.0., Holgate, S., von Mutius, E.,
et al,, 2011. Gene-environment interaction in chronic disease: a European
science foundation forward look. J. Allergy Clin. Immunol. 128 (1), 27-49.

Rodriguez, A., Vigorito, E., Clare, S., Warren, M.V,, Couttet, P., Soond, D.R., Turner M,
Bradley, A., et al., 2007. Requirement of bic/microRNA-155 for normal immune
function. Science 316, 608-611.

Sawant, D.V,, Yao, W., Wright, Z., Sawyers, C., Tepper, R.S., Gupta, S.K., Kaplan, M.H.,
Dent, A.L,, 2015. Serum MicroRNA-21as a biomarker for allergic inflammatory
disease in children. Microrna 4, 36-40.

Schickel, R., Boyerinas, B., Park, S.M., Peter, M.E., 2008. MicroRNAs: key players in
the immune system, differentiation, tumorigenesis and cell death. Oncogene
27,5959-5974.

Seguin, R.M,, Ferrari, N., 2009. Emerging oligonucleotide therapies for asthma and
chronic obstructive pulmonary disease. Expert Opin. Invest. Drugs 18 (10),
1505-1517.

Shaffer, J., Schlumpberger, M., Lader, E., 2012. miRNA profiling from
blood—challenges and recommendations. Qiagen Sci. Article, 1-10.

Sheedy, FJ., Palsson-McDermott, E., Hennessy, E.J., Martin, C., O’Leary, ] J., Ruan, Q.,
et al,, 2010. Negative regulation of TLR4 via targeting of the proinflammatory
tumor suppressor PDCD4 by the microRNA miR-21. Nat. Immunol. 11,
141-147.

Shin, V.Y, Jin, H., Ng, E.K,, Cheng, A.S., Chong, W.W., Wong, C.Y., et al., 2011. NF-(B
targets miR-16 and miR-21 in gastric cancer: involvement of prostaglandin E
receptors. Carcinogenesis 32 (2), 240-245.

Wau, Song-Quan, Wang, Guang-Li, Li, Ling-Yun, Ji, Jian, 2014. Effects of
microRNA-21 on the interleukin 12/signal transducer and activator of
transcription 4 signaling pathway in asthmatic mice Central European. J.
Immunol. 39 (1), 40-45.

Sonkoly, E., Wei, T., Janson, P.C., Saaf, A., Lundeberg, L., Tengvall-Linder, M.,
Norstedt, G., Alenius, H., Homey, B., Scheynius, A., et al., 2007. MicroRNAs:
novel regulators involved in the pathogenesis of psoriasis? PLoS One 2, e610.

Sur, S., Lam, ], Bouchard, P., et al., 1996. Inmunomodulatory effects of [L-12 on
allergic lung inflammation depend on timing of doses. J. Immunol. 157,
4173-4180.

Tarlo, S.M., Malo, J.L., 2006. An ATS/ERS report: 100 key questions and needs in
occupational asthma. Eur. Respir. J. 27, 607-614.

Tomankova, T., Petrek, M., Gallo, J., Kriegova, E., 2011. MicroRNAs: emerging
regulators of immune-mediated diseases. Scand. J. Immunol. 75 (2), 129-141.

Trinchieri, G., 2003. Interleukin-12 and the regulation of innate resistance and
adaptive immunity. Nat. Rev. Immunol. 3 (2), 133-146.

Wang, ].W,, Li, Kunyu, Hellermann, Gary, Mohapatra, Subhra, Lockey, Richard F.,
Mohapatra, Shyam, 2011. Regulators of the regulators: micrornas and asthma
pathogenesis, diagnosis and therapeutics. WAO J., 94-103.

Williams, A.E., Larner-Svensson, H., Perry, M.M., Campbell, G.A., Herrick, S.E.,
Adcock, .M., et al., 2009. MicroRNA expression profiling in mild asthmatic
human airways and effect of corticosteroid therapy. PLoS One 4, e5889.

Wu, F., Zikusoka, M., Trindade, A., Dassopoulos, T., Harris, M.L., et al., 2008.
MicroRNAs are differentially expressed in ulcerative colitis and alter
expression of macrophage inflammatory peptide-2 alpha. Gastroenterology
135, 1624-1635.

Wu, X,, Wang, M., Zhu, H,, Tang, S., You, Y., Xie, Y., 2014. Overexpression of
microRNA-21 and microRNA-126 in the patients of bronchial asthma. Int. J.
Clin. Exp. Med. 7 (5), 1307-1312.


http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0045
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0045
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0045
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0045
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0045
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0045
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0045
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0045
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0045
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0045
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0045
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0045
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0050
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0050
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0050
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0050
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0050
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0050
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0050
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0050
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0050
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0050
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0050
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0050
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0050
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0050
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0050
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0050
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0050
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0050
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0050
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0050
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0050
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0055
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0055
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0055
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0055
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0055
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0055
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0055
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0055
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0055
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0055
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0055
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0055
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0055
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0055
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0055
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0060
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0060
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0060
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0060
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0060
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0060
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0060
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0060
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0060
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0060
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0060
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0060
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0060
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0060
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0060
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0060
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0060
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0060
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0060
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0060
http://www.ginasthma.com
http://www.ginasthma.com
http://www.ginasthma.com
http://www.ginasthma.com
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0070
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0070
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0070
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0070
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0070
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0070
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0070
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0070
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0070
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0070
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0070
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0070
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0070
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0070
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0070
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0070
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0070
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0070
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0070
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0075
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0075
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0075
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0075
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0075
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0075
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0075
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0075
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0075
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0075
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0075
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0075
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0075
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0075
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0075
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0075
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0075
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0075
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0075
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0080
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0080
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0080
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0080
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0080
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0080
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0080
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0080
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0080
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0080
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0080
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0080
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0080
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0080
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0080
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0080
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0080
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0085
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0085
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0085
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0085
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0085
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0085
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0085
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0085
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0085
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0085
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0085
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0085
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0085
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0085
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0090
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0090
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0090
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0090
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0090
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0090
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0090
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0090
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0090
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0090
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0090
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0090
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0090
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0095
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0095
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0095
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0095
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0095
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0095
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0095
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0095
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0095
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0095
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0095
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0095
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0095
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0095
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0095
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0095
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0095
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0095
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0095
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0095
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0100
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0100
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0100
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0100
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0100
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0100
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0100
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0100
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0100
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0100
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0100
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0100
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0100
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0100
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0100
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0100
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0100
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0100
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0100
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0100
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0100
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0100
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0100
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0100
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0100
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0105
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0105
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0105
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0105
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0105
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0105
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0105
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0105
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0105
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0105
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0105
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0105
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0105
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0105
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0105
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0105
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0105
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0105
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0105
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0105
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0110
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0110
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0110
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0110
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0110
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0110
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0110
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0110
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0110
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0110
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0110
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0110
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0110
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0110
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0110
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0110
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0110
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0115
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0115
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0115
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0115
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0115
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0115
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0115
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0115
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0115
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0115
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0115
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0115
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0115
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0115
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0115
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0115
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0115
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0115
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0120
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0120
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0120
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0120
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0120
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0120
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0120
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0120
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0120
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0120
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0120
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0120
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0120
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0120
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0120
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0120
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0120
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0120
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0125
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0125
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0125
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0125
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0125
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0125
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0125
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0125
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0125
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0125
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0125
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0125
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0125
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0125
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0125
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0130
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0130
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0130
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0130
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0130
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0130
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0130
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0130
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0130
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0130
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0130
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0130
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0130
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0130
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0130
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0130
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0130
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0130
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0130
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0135
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0135
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0135
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0135
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0135
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0135
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0135
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0135
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0135
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0135
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0135
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0135
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0135
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0135
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0135
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0135
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0135
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0135
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0140
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0140
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0140
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0140
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0140
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0140
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0140
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0140
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0140
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0140
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0140
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0140
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0140
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0140
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0140
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0140
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0140
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0140
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0140
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0140
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0140
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0140
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0140
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0140
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0140
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0145
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0145
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0145
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0145
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0145
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0145
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0145
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0145
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0145
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0145
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0145
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0145
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0145
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0145
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0145
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0145
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0145
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0145
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0145
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0145
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0145
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0145
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0145
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0150
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0150
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0150
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0150
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0150
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0150
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0150
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0150
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0150
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0150
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0150
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0150
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0150
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0150
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0150
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0155
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0155
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0155
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0155
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0155
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0155
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0155
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0155
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0155
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0155
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0155
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0155
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0155
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0155
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0155
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0155
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0155
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0155
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0155
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0155
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0155
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0155
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0155
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0155
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0155
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0155
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0155
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0155
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0155
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0155
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0155
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0160
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0160
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0160
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0160
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0160
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0160
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0160
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0160
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0160
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0160
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0160
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0160
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0160
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0160
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0160
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0160
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0160
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0160
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0160
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0160
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0165
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0165
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0165
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0165
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0165
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0165
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0165
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0165
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0165
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0165
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0165
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0165
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0165
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0165
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0165
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0165
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0165
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0165
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0170
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0170
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0170
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0170
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0170
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0170
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0170
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0170
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0170
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0170
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0170
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0170
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0170
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0170
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0170
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0170
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0170
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0170
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0170
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0170
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0175
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0175
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0175
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0175
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0175
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0175
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0175
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0175
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0175
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0175
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0175
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0175
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0175
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0175
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0175
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0175
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0175
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0175
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0175
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0180
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0180
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0180
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0180
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0180
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0180
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0180
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0180
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0180
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0180
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0180
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0180
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0180
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0180
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0180
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0180
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0180
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0180
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0180
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0185
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0185
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0185
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0185
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0185
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0185
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0185
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0185
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0185
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0185
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0185
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0185
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0185
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0185
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0185
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0185
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0185
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0185
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0185
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0185
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0185
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0185
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0185
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0185
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0190
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0190
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0190
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0190
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0190
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0190
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0190
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0190
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0190
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0190
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0190
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0190
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0190
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0190
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0190
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0190
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0190
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0190
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0190
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0195
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0195
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0195
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0195
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0195
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0195
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0195
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0195
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0195
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0195
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0195
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0195
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0195
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0195
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0195
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0195
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0195
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0195
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0195
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0195
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0195
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0195
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0195
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0195
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0200
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0200
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0200
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0200
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0200
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0200
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0200
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0200
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0200
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0200
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0200
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0200
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0200
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0200
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0200
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0200
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0200
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0200
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0200
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0200
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0205
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0205
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0205
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0205
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0205
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0205
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0205
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0205
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0205
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0205
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0205
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0205
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0205
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0205
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0210
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0210
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0210
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0210
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0210
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0210
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0210
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0210
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0210
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0210
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0210
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0210
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0210
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0210
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0210
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0210
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0210
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0210
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0210
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0210
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0215
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0215
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0215
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0215
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0215
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0215
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0215
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0215
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0215
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0215
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0215
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0215
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0220
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0220
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0220
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0220
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0220
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0220
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0220
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0220
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0220
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0220
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0220
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0220
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0220
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0220
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0220
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0225
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0225
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0225
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0225
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0225
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0225
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0225
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0225
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0225
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0225
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0225
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0225
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0225
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0225
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0225
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0225
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0225
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0230
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0230
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0230
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0230
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0230
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0230
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0230
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0230
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0230
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0230
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0230
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0230
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0230
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0230
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0230
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0230
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0230
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0230
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0230
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0235
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0235
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0235
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0235
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0235
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0235
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0235
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0235
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0235
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0235
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0235
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0235
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0235
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0235
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0240
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0240
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0240
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0240
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0240
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0240
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0240
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0240
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0240
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0240
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0240
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0240
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0240
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0240
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0240
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0240
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0240
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0240
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0240
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0240
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0240
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0240
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0245
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0245
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0245
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0245
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0245
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0245
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0245
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0245
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0245
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0245
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0245
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0245
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0245
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0245
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0245
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0245
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0245
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0245
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0245
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0250
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0250
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0250
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0250
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0250
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0250
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0250
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0250
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0250
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0250
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0250
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0250
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0250
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0250
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0250
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0250
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0250
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0250
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0250
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0250
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0250
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0250
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0250
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0250
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0250
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0250
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0250
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0255
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0255
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0255
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0255
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0255
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0255
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0255
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0255
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0255
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0255
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0255
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0255
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0255
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0260
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0260
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0260
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0260
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0260
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0260
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0260
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0260
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0260
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0260
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0260
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0260
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0260
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0260
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0260
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0260
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0260
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0260
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0260
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0265
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0265
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0265
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0265
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0265
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0265
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0265
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0265
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0265
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0265
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0265
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0265
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0265
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0265
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0265
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0265
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0265
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0265
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0270
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0270
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0270
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0270
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0270
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0270
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0270
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0270
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0270
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0270
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0270
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0270
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0270
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0270
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0275
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0275
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0275
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0275
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0275
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0275
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0275
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0275
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0275
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0275
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0275
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0275
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0275
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0275
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0275
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0275
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0275
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0275
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0280
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0280
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0280
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0280
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0280
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0280
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0280
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0280
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0280
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0280
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0280
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0280
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0280
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0280
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0280
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0280
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0285
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0285
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0285
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0285
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0285
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0285
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0285
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0285
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0285
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0285
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0285
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0285
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0285
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0285
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0285
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0285
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0285
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0290
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0290
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0290
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0290
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0290
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0290
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0290
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0290
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0290
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0290
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0290
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0290
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0290
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0290
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0290
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0290
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0290
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0290
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0290
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0290
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0295
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0295
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0295
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0295
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0295
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0295
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0295
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0295
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0295
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0295
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0295
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0295
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0295
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0295
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0295
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0295
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0295
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0295
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0295
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0295
http://refhub.elsevier.com/S0161-5890(15)30137-1/sbref0295

	MicroRNA–21 as a novel biomarker in diagnosis and response to therapy in asthmatic children
	1 Introduction
	2 Subjects and methods
	2.1 Subjects
	2.2 Pulmonary function tests assay
	2.3 Sputum induction and processing
	2.4 Blood sample collection
	2.5 Measurement of total immunoglobulin E (IgE) levels
	2.6 Measurement of IL-12p35 serum levels
	2.7 Extraction of serum miRNA-21:
	2.8 Reverse transcription and quantification of serum miRNA-21
	2.9 Expression of serum miRNA-21
	2.10 Statistical analysis

	3 Results
	3.1 Clinic-demographic characteristics, laboratory and miRNA-21 expression profiles in asthmatic patients and control group
	3.2 Clinic-demographic characteristics, laboratory and miRNA-21 expression profiles in control group and asthmatic patient...
	3.3 ROC curve analysis
	3.4 Correlation of miRNA-21 with serum IL-12p35 levels, FEV1, blood eosinophil count, and sputum eosinophil percent.
	3.5 Analysis of the power of miRNA-21 to predict ICS response in asthmatic cases

	4 Discussion
	5 Conclusion
	Declaration of interest
	References


