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Abstract

Regulation of the immune response in asthma is complex. MicroRNA-126 (miR-126) expression has been implicated in
this response, so we sought to determine the clinical significance of miR-126 measured in the peripheral blood. A total
of 80 children with acute asthma were selected to participate in the study and were compared to 80 healthy children.
The relative circulating miR-126 levels, interleukin (IL)-4 levels, and the Th17 cell percentage in the peripheral blood
of children in the case group were significantly higher than those in the control group, while the interferon (IFN)-y
levels and the CD4*CD25*Treg cell percentage were significantly lower than those in the control group. Along with
the aggravation of the disease, the relative levels of miR-126 and IL-4 and the percentage of Thl7 cells increased
gradually, while the IFN-y levels and the CD4*CD25*Treg cell percentage decreased. The relative level of miR-126 in
the peripheral blood of children with asthma was positively correlated with IL-4 and the Th17 cell percentage and was
negatively correlated with IFN-y levels, CD4*CD25*Treg cell percentage and lung function indicators. The relative level
of miR-126 was correlated with the Th17 cell percentage in the peripheral blood, forced vital capacity (FVC), and forced
expiratory flow (FEF);s,, of the children with asthma. The relative levels of miR-126 and IL-4 and the Th17 cell percentage
were positively correlated with the severity of the asthma, while IFN-y levels and the CD4*CD25*Treg cell percentage
were negatively correlated with the severity of the asthma. CD4*CD25*Treg cell percentage and relative miR-126 levels
were of the most predictive value in the diagnosis of asthma. Our findings show that the overexpression of miR-126 in
acute asthma is correlated with signs of immune imbalance and is predictive of the severity of the disease, suggesting that
it could be used as a potential serological marker for asthma diagnosis and evaluation.
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decades because T-helper was known to be limited
to both subsets.

Th17 cells are a newly discovered subgroup of
effector CD4*T-cells that secrete IL-17. Th17 cells
can enhance inflammatory responses and the
body’s defense capability simultaneously and act
as pro-inflammatory cells. The upregulated expres-
sion of IL-17 can aggravate airway inflammation
and airway hyper-responsiveness in a mouse model
of asthma.? CD4*CD25"Treg cells are key regulat-
ing factors in the body’s immune response system,
and all CD4*CD25"Treg cells have a significant
immunosuppressive effect.> If their numbers are
reduced or there are changes in function, the
absence of their inhibiting effect on Th2 cells pro-
duces large amounts of pro-inflammatory cytokines
leading to airway inflammation, airway hyper-
responsiveness, and ultimately the onset and pro-
gression of asthma.*>

MicroRNAs (miRNAs), a class of small, non-
coding RNA molecules able to identify specific tar-
get messenger RNA (mRNA) and regulate the
expression of target genes at the post-transcriptional
level, are of emerging interest as regulators of
immune responses. A growing number of studies
describe miRNA functions in the development of
asthma and related inflammatory processes. Pua
and Ansel® recently summarized the identified miR-
NAs with altered expression in bulk lesional tissue
to include let-7c, miR-21, miR-29, miR-135, miR-
142, miR-146, miR-150, miR-155, miR-181, miR-
193, miR-223, miR-365, miR-375, miR-452, and
miR-615. Similarly, Rebane and Akdis’ reviewed
functions of miRNAs in allergy and indicated that
miR-126, miR-221, miR-145, miR-106a, let-7a,
miR-21, miR-146a, miR-375, miR-133a, miR-1,
miR-155, miR-125b, and miR-150 contribute.

MicroRNA-126 (miR-126) is an endothelial
cell-specific miRNA that is expressed in the res-
piratory, hematopoietic, cardiovascular, reproduc-
tive, and digestive systems. One of the initial
studies in this area demonstrated that inhibition of
miR-126 expression resulted in abolished airway
hyper-reactivity (AHR), impaired Th2 responses,
and reduced allergic inflammation in a house dust
mite—induced asthmatic model in mice.® In a model
of chronic asthma sensitized with ovalbumin
(OVA), miR-126 was upregulated in the airway
wall; in contrast, inhibition of miR-126 by long-
term administration of an antagonist suppressed
eosinophil recruitment into the airways.’

This study was aimed to understand the mecha-
nism of asthma pathogenesis and progression, and
we sought to clarify the role of miR-126 by inves-
tigating the effect of miR-126 on the Th1/Th2 and
Th17/CD4*CD25"Treg systems.

Materials and methods
Study participants

This study used a cross-sectional case-control
design. Eighty children with acute asthma admitted
to Children’s Hospital of Nanjing Medical
University (Nanjing, China) between June 2015
and August 2016 were selected to participate in our
study. There were 37 males and 43 females aged
2—T7years (average 4.6+ 1.1years). In all, 35 cases
were considered to be mild asthma, 31 were consid-
ered to be moderate, and 14 cases were considered
to be severe. All participants had recently been
diagnosed or had relapsed at least 3 months after the
discontinuation of standardized hormone inhala-
tion. The diagnostic and disease grading criteria
used to evaluate patients were described in our pre-
vious report.'0

The diagnostic criteria for asthma in children
were as follows: (1) repeated sharp breaths and age
over 3years. (2) At the onset, both lungs had expira-
tory wheezing by auscultation, with extended expir-
atory phase. (3) Treatment with a bronchial dilation
agent produced improvement. (4) Other diseases
associated with sharp breaths, chest tightness, and
cough were excluded, such as chronic obstructive
pulmonary disease (COPD). Patients who met all
four of the criteria were diagnosed with asthma.
Other diseases, including heart, liver, kidney, and
other respiratory tract diseases, were ruled out.

An additional 80 healthy children who received
a physical examination at the same hospital during
the same time period were selected as the control
group. The control group consisted of 35 males
and 45 females aged 2—-8years (mean=standard
deviation (SD)=4.8+1.3years). All healthy con-
trol participants underwent clinical examination to
exclude respiratory diseases. Children in both
groups were negative for immune-related compli-
cations, vital organ dysfunction, and infection
within 2months prior to enrollment, and none
received adrenocortical hormone or immune-
modulator treatment within 3 months prior to
enrollment. This study was approved by Ethics
Committee of the Children’s Hospital of Nanjing
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Table I. Primer sequences of target miRNA and internal
references.

microRNAs  Primer Sequence
miR-126 ~ Forward 5-GGGCATTATTACTTTTGG-3'
Reverse 5-TGCGTGTCGTGGAGTC-3'
ué Forward 5-GCTTCGGCAGCACATATACTAA
AAT-3
Reverse 5-CGCTTCACGAATTTGCGTGTC
AT-3'

Medical University, and informed consent was
given by all participants’ parents.

miR-126 levels

Fasting peripheral blood samples were collected
from children in both groups. Real-time quantita-
tive fluorescence polymerase chain reaction (q-RT
PCR) was used to determine the relative levels of
miR-126 in plasma. TRIzol reagent was used to
extract total RNA, which was then stored in a
refrigerator at =70 C. The RevertAid™ First Strand
complementary DNA (cDNA) synthesis kit
(Thermo Scientific, Cat. No. K1621) was used for
inverse transcription to synthesize cDNA. Then,
g-RT PCR was used to determine the relative level
of miR-126 using U6 as an internal reference as in
a previous report.!! The primer sequences are pro-
vided in Table 1. The reaction system was 20 uL.
in total: 10 uL of SYBR premix Ex Taq™ (2x),
2uL PCR Forward Primer (5 pumol/L), 2uL PCR
Reverse Primer (5 pmol/L), 2 uL reverse transcrip-
tion product, and 4 uL. RNA polymerase-free water.
The reaction took place over 45 cycles, with degen-
eration at 95°C for 30s, followed by annealing at
55°C for 30s, and extension at 72°C for 30s. The
relative expression quantity of target miRNA was
based on the difference between the cycle thresh-
olds (Ct value) of target miRNA and Ct values of
the reference genes. The 2A ACt method was used
to determine relative expression levels.

IL-4 and IFN-y measurement

The serum was isolated by centrifugation for 5 min
at 3000 r/min. IFN-y and IL-4 contents in serum
samples were detected with the human IFN-y or
IL-4 SunnyELISA Assay Kit (Multi Sciences,
Hangzhou, China) following the manufacturer’s
instructions.

Th17 and CD4*CD25*Treg cell measurement

Flow cytometry was used to measure the proportion
of Th17 cells and CD4"CD25"Treg cells in mono-
nuclear cells in peripheral blood. For Tregs detec-
tion, lymphocytes were stained with fluorescein
isothiocyanate  (FITC)-conjugated anti-human
CD4, PE-Cy5-conjugated anti-human CD25, and
PE-conjugated anti-human Foxp3 mAbs (eBiosci-
ence, San Diego, CA, USA) and the proportion of
CD25*Foxp3* lymphocytes gated in CD4* lympho-
cytes were defined. For the detection of Th17 cells,
single-cell suspensions were stimulated with 50 ng/
mL phorbol myristate acetate, 1 pg/mL ionomycin,
and 2 pg/mL monensin. After 5h, cells were stained
with FITC-conjugated anti-human CD3 and
PE-conjugated anti-human CD4 mAbs, fixed, per-
meabilized, and stained with PE-Cy5-conjugated
anti-human IL-17A mAb according to the intracel-
lular staining kit (Invitrogen, Carlsbad, CA, USA)
instructions. We determined the proportion of
CD4"IL-17*lymphocytes gated in mononuclear
cells in peripheral blood.

Lung function assessment

A pediatric pneumatometer was used to assess the
lung function of children in the case group. The
pneumatometer measured forced expiratory volume
in 1s (FEV)), forced vital capacity (FVC), maximal
expiratory flow (PEF), forced expiratory flow
(FEF),s0,, FEF 5, and FEF .

Statistical analysis

SPSS 23.0 statistical software was used for data
analysis. The measurement data were expressed as
(mean+mean+SD). Two groups were compared
by an independent-samples t test. Multiple groups
were compared by a one-way analysis of variance.
Pairwise comparison was determined by the least
significant difference (LSD). Correlation analysis
was assessed based on data type, using linear cor-
relation analysis or Spearman rank correlation
analysis. Multiple-factor analysis was determined
using multiple-linear regression. Comparison of
diagnostic values of the different indexes was ana-
lyzed by a receiver operating characteristic curve
(ROC curve), with area under the curve (AUC) as
the evaluation index. A P<0.05 was considered to
be statistically significant.
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Table 2. Peripheral blood profiles of asthma patients and controls.

Group Number Relative miR-126 (2-24¢) IL-4 (ng/L) IFN-y (ng/L8) Th17 (%) CD4+CD25+Treg (%)
Case 80 7.87+4.62 115.34£60.11 62.05+13.43 2.30+1.08 5.22+0.88

Control 80 3.68+2.08 78.90+48.88 82.54+15.16 [.10£0.53 7.56x1.07

t 7.382 4.208 -9.051 8.926 -15.136

P <0.001 <0.001 <0.001 <0.001 <0.001

Results children with asthma was positively correlated

Relative levels of miR-126 and IL-4 and

Th17 cell counts are increased in asthma
patient peripheral blood, while IFN-y and
CD4*CD25*Treg cells are decreased

To determine whether circulating levels of miR-
126 correlated with asthma, serum levels were
determined in children with and without asthma.
The relative level of miR-126 in the peripheral
blood of children with asthma was significantly
higher than in control participants (P<0.05;
Table 1). IL-4 levels and the proportion of Th17
cells in plasma were also significantly higher in
the case group compared to the control group
(Table 2). In contrast, IFN-y and the proportion
of CD4*CD25*Treg cells in blood plasma were
significantly lower in children with asthma
(P<0.05; Table 2).

Relative levels of miR-126 and IL.-4 and Th17
cell counts in peripheral blood increase with
illness severity, while IFN-y, CD4*CD25*Treg
cells, and lung function decrease

The relative levels of miR-126 and IL-4 and the
proportion of Th17 cells significantly increased in
accordance with the severity of the participants’
asthma. IFN-y levels, the proportion of
CD47CD25Treg cells, and lung function indexes
gradually decreased in conjunction with illness
severity (Table 3).

Relative level of miR-126 is positively correlated
with IL-4 and Th17 levels in the peripheral
blood of children with asthma and negatively
correlated with IFN-y levels, the proportion

of CD4*CD25*Treg cells, and lung function
indexes

Linear correlation analysis revealed that the rela-
tive level of miR-126 in the peripheral blood of

with plasma IL-4 levels and the proportion of Th17
cells (P<0.05). Relative level of miR-126 was
negatively correlated with IFN-y levels, the pro-
portion of CD4*CD25*Treg cells, and lung func-
tion indexes (P<0.05) as shown in Table 4.
Multiple linear regression analysis revealed that
the relative level of miR-126 in asthma patients’
peripheral blood was correlated with the propor-
tion of Th17 cells, FVC, and FEF s, (P<0.05), as
shown in Table 5.

The degree of asthma severity is positively
correlated with the relative levels of miR-126
and IL-4 and the proportion of Thl7 cells and
negatively correlated with IFN-y levels and
CD4*CD25*Treg cells

To determine whether miR-126 and immune mark-
ers are associated with disease severity, measure-
ments were compared against asthma severity
scores. Spearman rank correlation analysis revealed
that the degree of asthma severity was positively
correlated with the relative levels of miR-126 and
IL-4 and the proportion of Th17 cells in the periph-
eral blood of children with asthma (P<0.05). In
contrast, the degree of severity was negatively cor-
related with IFN-y levels and the proportion of
CD4°CD25*Treg cells (P<0.05) in peripheral
blood, as shown in Table 6.

CD4*CD25*Treg cells and miR-126 levels have
diagnostic potential

ROC curve analysis showed that the AUC for the
proportion of CD4"CD25*Treg cells was the high-
est (AUC=0.976, P<0.05), indicating that it has
the potential to help diagnose asthma. The AUC
for miR-126 was 0.762 (P<0.05), as shown in
Table 7. For severe asthma specifically, miR-126
had the most potential for diagnostics, with an
AUC 0of 0.909, P<0.05, as shown in Table 8.
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Table 8. Diagnostic potential in determining severe asthma.

Variables AUC Std. error P 95% confidence interval

Lower bound Upper bound
miR-126 0.909 0.040 <0.001 0.831 0.987
IL-4 0.882 0.046 <0.001 0.792 0.972
IFN-y 0.864 0.048 <0.001 0.771 0.958
Thl7 0.841 0.055 <0.001 0.734 0.948
CD4+*CD25*Treg 0.779 0.073 0.001 0.637 0.921

AUC: area under the curve.

reflects the exacerbation of systemic inflamma-
tion and imbalance of the immune system.
Meanwhile, the relative level of miR-126 in
peripheral blood increased and was significantly
correlated with the degree of illness severity,
suggesting that miR-126 may play a role in pro-
moting immune imbalance in asthma.

Several studies®!? support the idea that gene
expression can significantly influence autocrine
and paracrine effects on multiple inflammatory
mediators and that transcriptional regulation of
gene expression plays an important role in the
manifestation of asthma. During the pathogenesis
of asthma, miRNAs are regulators of the allergic
response, regulating the survival, proliferation, dif-
ferentiation, and functional development of Th2
cells. Their ability to control the intensity of the
immune response makes miRNAs of interest as
non-invasive biomarkers of asthma. Another study?®
confirmed that the overexpression of miR-126 in
bronchial epithelial cells can promote increased
levels of the Th2 cytokine IL-13, suggesting that
miR-126 should be studied as a factor related to
excessive activation of Th2 cells in asthmatic chil-
dren. We found that the relative level of miR-126
was independently associated with the proportion
of Th17 cells, indicating that the mechanism of
miR-126 overexpression in promoting asthma may
also be related to the proportion of Th17 cells.

The results of our study showed that the relative
level of miR-126 in peripheral blood of asthma
children was associated with the degree of severity
of the illness, which was highly valuable in the
diagnosis of asthma, especially severe asthma.
Therefore, we propose that miR-126 can be used as
potential serological marker to predict the severity
of asthma in children. Indeed, numerous other
miRNAs have been reported to be upregulated in
asthma patients and related to the severity of the
disease.!320 These miRNAs are thought to act by

regulating the expression of inflammatory factors
such as transforming growth factor beta (TGF-p),
IL-6, IL-8, and IFN-y. A few studies have pointed
to a role for miR-126, as it is abnormally expressed
in allergic respiratory system disease.?! Another
study reported upregulation of miR-126 in the
bronchial epithelial cells of asthma patients as well
as an association with IL-13.22 Alterations in
miRNA expression associated with asthma have
been shown to improve following treatment, sug-
gesting that changes in miRNA are essential in the
continuation of asthma symptoms.’

This study has some limitations. First, we used a
cross-sectional study design. Further studies that
assess miRNA expression longitudinally are needed
to validate our conclusions. While we found an
association of miR-126 levels and disease severity,
whether miR-126 levels are correlated with long-
term clinical outcomes remains unknown. In addi-
tion, miRNA expression is altered in many disease
states, and thus, it represents a sensitive, rather than
specific, marker for disease. Finally, studies of
other cohorts and larger populations are needed to
validate our findings.

In summary, we found that miR-126 expression
was upregulated in the peripheral blood of children
with acute asthma. Its relative expression was
associated with immune imbalance, lung function,
and the degree of illness severity, leading us to pro-
pose that miR-126 could be used as a potential
serological marker in the auxiliary diagnosis and
assessment of asthma. Further studies are needed
to validate our conclusions and explore the mecha-
nism through which miR-126 and other miRNAs
impact asthma pathogenesis and progression.
Inhibiting miR-126 expression in conjunction with
other similarly functioning miRNAs may hinder
the infiltration of eosinophilic granulocytes in the
airway, which could lead to the development of
possible treatment options.
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