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Purpose: Allergic rhinitis (AR) is an inflammatory disorder of the upper airway. Exosomes or extracellular vesicles are nanosized vesicles of endo-
somal origin released from inflammatory and epithelial cells that have been implicated in allergic diseases. In this study, we characterized the mi-
croRNA (miRNA) content of exosomes in AR. Methods: Extracellular vesicles were isolated from nasal mucus from healthy control subjects (n=10)
and patients with severe AR (n=10). Vesicle RNA was analyzed by using a TagMan microRNA assays Human Panel-Early Access kit (Applied Bio-
systems, Foster City, CA, USA) containing probes for 366 human miRNAs, and selected findings were validated with quantitative RT-PCR. Target pre-
diction and pathway analysis for the differentially expressed miRNAs were performed using DIANA-mirPath. Results: Twenty-one vesicle miRNAs
were up -regulated and 14 miRNAs were under-regulated significantly (P<0.05) in nasal mucus from AR patients when compared to healthy con-
trols. Bioinformatic analysis by DIANA-mirPath demonstrated that 32 KEGG biological processes were significantly enriched (P<0.05, FDR correct-
ed) among differentially expressed vesicle miRNA signatures. Among them, the B-cell receptor signaling pathway (P=3.709E-09), the natural killer
cell-mediated cytotoxicity (P=8.466E-05), the T-cell receptor signaling pathway (P=0.00075), the RIG-I-like receptor signaling pathway (P=0.00127),
the Whnt signaling pathway (P=0.00130), endocytosis (P=0.00440), and salivary secretion (P=0.04660) were the most prominent pathways en-
riched in quantiles with differential vesicle miRNA patterns. Furthermore, miR-30-5p, miR-199b-3p, miR-874, miR-28-3p, miR-203, and miR-875-5p,
involved in B-cell receptor and salivary secretion signaling pathways, were selected for validation using independent samples from 44 AR patients
and 20 healthy controls. MiR-30-5p and miR-199b-3p were significantly increased in extracellular vesicles from nasal mucus when compared to
healthy controls, while miR-874 and miR-28-3p were significantly down-regulated. In addition, miRNA-203 was significantly increased in AR pa-
tients, while miRNA-875-5p was found to be significantly decreased in AR patients. Conclusions: This study demonstrated that vesicle miRNA
may be a regulator for the development of AR.
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INTRODUCTION

Allergic rhinitis (AR) is an IgE-mediated disorder triggered by
exposure of nasal mucosa to allergens.' In a worldwide study of
over 1 million adolescents aged 13 and 14 years, the prevalence
of AR was 14.6%.” AR results in rhinorrhea, itching, and sneez-
ing as well as sleep disturbance, which are easily observed and
reported by parents or guardians.®* However, nasal congestion,
the most common symptom of AR, may be more difficult to
elicit from young children.** A main goal of AR research is to
understand genetic and environmental triggers for AR and fac-
tors that lead to variations in its natural history. Identifying
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pathways that allow AR to be expressed is fundamental to im-
proving preventative strategies, developing diagnostic tools,
and designing therapies.

Exosomes are present in most body fluids, and their composi-
tion differs depending on their cellular origin."® Vesicles in the
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extracellular space are derived from exosomes and also from
ectosomes (shedding vesicles). The presence of RNA has previ-
ously been confirmed in exosomes from saliva, plasma, and
breast milk.” Exosomes can transfer genetic material to nearby
cells, thereby affecting the function of the recipient cell.”* How-
ever, importance of exsomes in the regulation of AR remains to
be established. MicroRNAs (miRNAs) are small (22-25 nt) en-
dogenous noncoding RNAs that anneal to the 3’-UTR of target
mRNAs to mediate inhibition of translation and lower protein
levels. The presence of microRNA (miRNA) in exosomes from
certain bodily fluids, including saliva, has also been con-
firmed.*'® MicroRNAs have emerged as key negative regulators
of diverse biological and pathological processes, including de-
velopmental timing, organogenesis, apoptosis, cell prolifera-
tion, differentiation," and tumorigenesis.'>** Previous reports
implicated miRNAs in the development of AR."*'> However, al-
terations in vesicle miRNA content in AR have not yet been de-
scribed. The primary goal of this study was to characterize dif-
ferences in vesicle miRNA in nasal mucus from AR patients and
to explore their biological functions.

MATERIALS AND METHODS

Ethics Statement

The study was performed in accordance with relevant guide-
lines and regulations, following the approval of the licensing
committee of First People Hospital of Zhangjiagang City. Writ-
ten informed consent was obtained from patients with AR or
their parents in the case of children. Written informed consent
for participation in the study was obtained from all the healthy
controls in the study. This work received approval from the in-
stitution ethics committee and conformed to the tenets of the
Declaration of Helsinki.

Patients

Patients presenting with AR visited Department of Otolaryn-
gology, First People Hospital of Zhangjiagang City, Suzhou,
China from 2010 to 2014. The study population comprised 54
patients with clinical data on persistent AR and 30 controls. A
detailed evaluation was conducted, including clinical history
and physical examination, in patients and healthy controls. The
diagnosis of AR was based on the patients’ medical history,
symptoms, and the presence of a positive skin prick test (SPT,
Allergopharma, Hamburg, Germany) in response to a panel of
common allergens defined by the ARIA 2008 guidelines.! The
SPT results were utilized to diagnose AR in accordance with the
recommendations of the Subcommittee on Allergen Standard-
ization and Skin Tests of the European Academy of Allergy and
Clinical Immunology.' A positive SPT result was defined as the
formation of a wheal larger than or equal to a half the diameter
of the histamine control wheal, and at least 3 mm larger than
the diameter of the negative control wheal. A total of 18 inhaled
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allergens were tested, including house dust, grass, tree, mold,
food, and cat/dog dander. Exclusion criteria were: bronchial
asthma, chronic rhinosinusitis, nasal polyposis, excessive sep-
tal deviation, and current smoking. The patients were not un-
der pharmacological treatment (anti-histamines) at least 10
days before testing. Exclusion criteria for the healthy subjects
were clinical history of rhinitis and positive reaction to any of
the allergens from the test panel. All the patients and controls
underwent a bronchial provocation test. Airway responsive-
ness to methacholine was evaluated, with FEV1 higher than
70% of predicted.

Collection of nasal mucus

Nasal mucus samples were collected according to the method
of Ruocco et al.,"” which is well tolerated by subjects and induc-
es minimal stimulation of the mucosa. The nasal mucus was
collected in patients with ongoing nasal symptoms and in the
control group. In AR patients, the pieces of gauzes imbibed with
nasal mucus were then placed in a plastic tip and put into a test
tube in which 1.000 pL of PBS at pH 7.4 were added. The mucus
was eluted by centrifugation at 2,000 rpm for 20 minutes at 4°C.
The mucus samples were then collected in plastic tubes and
stored at -20°C until tested for extracellular vesicle isolation.

Isolation of extracellular vesicles

Extracellular vesicles were isolated as described before.' In
brief, nasal mucus was subjected to successive centrifugations
of 3,000 X g (15 minutes) and 10,000 X g (30 minutes). Extracel-
lular vesicles were then pelleted at 50,000 X g for 1 hour, using
an SW28 rotor (Beckman Coulter Instruments, Brea, CA, USA).
Extracellular vesicles pellets were resuspended in 0.32 M su-
crose and centrifuged at 100,000 X g for 1 hour (SW60Ti rotor;
Beckman Coulter Instruments). The extracellular vesicles pellet
was then resuspended in PBS.

Extracellular vesicles characterization by FACS analysis

Nasal mucus was added directly to Dynabeads (2 mL/mL
beads) coated with anti-MHC class II (MHCII) antibodies
(clone HKB1; Invitrogen/Dynal, Paisley, United Kingdom) as
previously described." Beads were labeled with fluorescein iso-
thiocyanate-labeled anti-MHC class II, CD63, or isotype-
matched controls (BioLegend, San Diego, CA, USA). Samples
were analyzed in a FACS Calibur (BD Biosciences, San Jose, CA,
USA) by using forward scatter/side scatter bead gating, and
mean fluorescence intensity (MFI) ratios were calculated as the
geometric mean of the marker divided by the geometric mean
of the isotype control.

RNA processing

RNA was extracted and separated into small RNA (including
miRNAs, 18-200 nt) and large RNA (>200 nt) fractions by using
a mirVana miRNA isolation kit (Applied Biosystems, Foster
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City, CA, USA). RNA quality was assessed by using UV 260/280
and 230/260 absorbance ratios obtained by using Nanodrop
(Thermo Scientific, Wilmington, NC, USA), resulting in a mean
260/280 ratio of 1.95. RNA size distribution was examined on
RNA Pico LabChips (Agilent Technologies, Palo Alto, CA, USA)
processed on the Agilent 2100 Bioanalyzer small RNA electro-
phoresis program.

MicroRNA expression profiling

TagMan microRNA assays Human Panel-Early Access kit (Ap-
plied Biosystems) containing probes for 366 human miRNAs
was utilized for vesicle miRNA profiling. RNA extracted from
nasal mucus among AR patients and healthy controls were sep-
arately pooled and used for miRNA profiling. Equal quantity of
RNA (30 ng) from nasal mucus (n=10) from both groups were
pooled and reverse transcribed for cDNA synthesis using the
TagMan Multiplex RT set (Applied Biosystems) for TagMan Ar-
ray Human MicroRNA Panels. Each RT reaction was diluted
62.5-fold with water, and 55 pL of each diluted product was
combined with 55 pL of TagMan 2X Universal PCR Master Mix,
No AmpErase UNG (Applied Biosystems). One hundred micro-
liters of the sample/master mix for each Multiplex pool were
loaded into fill reservoirs on the microfluidic card. The array
was then centrifuged and mechanically sealed with the Applied
Biosystems sealer device. Quantitative PCR was performed on
an Applied BioSystems 7900HT thermocycler (Applied Biosys-
tems) using the manufacturer’s recommended cycling condi-
tions. The relative expression levels between samples were cal-
culated using the comparative delta Ct (threshold cycle num-
ber) method.?

MicroRNA target prediction and pathway analysis

DIANA-mirPath,” a web-based application, was introduced
to perform the enrichment analysis of predicted target genes by
1 or more miRNAs in biological pathways. Two algorithms were
used to predict miRNA targets, namely, microT-CDS**** and
miRTarBase.* The software performs enrichment analysis of
multiple miRNA target genes to all known KEGG pathways. The
combinatorial effect of co-expressed miRNAs in the modula-
tion of a given pathway is taken into account by the simultane-
ous analysis of multiple miRNAs. The graphical output of the
program provides an overview of parts of the pathway modu-
lated by selected miRNAs, facilitating the interpretation and
presentation of the analysis results. The statistical significance
value associated with the identified biological pathways was
calculated by the mirPath. The software is available at http://
microrna.gr/mirpath.

TagMan miRNA assay for individual miRNAs

The independent sets of extracellular vesicles samples from
nasal mucus were used for qPCR confirmation. Total RNA was
isolated as described earlier. Six differential miRNAs (miR-30-
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5p, miR-199b-3p, miR-874, miR-28-3p, miR-203, and miR-875-
5p) from miRNA array were further quantitated by TagMan
miRNA assays (Applied Biosystems). The delta Ct values were
calculated by using RNU44 as the endogenous control.

Statistical analysis

Data analysis of miRNA expression levels from TagMan Low-
Density Array was performed by using the SDS software version
2.2.2 (Applied Biosystems) and the baseline and threshold were
automatically set. Data were normalized and then analyzed to
define vesicle miRNAs that were differentially expressed be-
tween AR patients’ pools and healthy controls. Assays that had
Ct values >35 were removed from the analysis. Student’s ¢ test
was performed to detect differentially expressed miRNAs be-
tween AR patients and healthy controls. The Mann-Whitney
test was performed to determine the significance of vesicle
miRNA levels from nasal mucus for independent validation. All
statistical calculations of independent TagMan real-time PCR
were performed using GraphPad Prism 5. All data were ex-
pressed as mean =+ SE unless otherwise specified. P values of
less than 0.05 were considered statistically significant.

RESULTS

Clinical characteristics of the study participants

The demographics of the cases and controls enrolled in this
study are shown in Table 1. There were no significant differenc-
es between the cases and controls in terms of the mean age and
gender distribution. Twenty patients (37%) were sensitive to
house dust mite, 10 (18.5%) were sensitive to tree pollen, and
18 (33.3%) were sensitive to multiple allergens. Pollens were
seasonal allergens. House dust mite and multiple allergens,
such as grass, tree, mold, food, cat/dog dander, were perennial
allergens. All the subjects included in the miRNA array were
perennial-type patients.

Table 1. Selected clinical features and demographic characteristics of the
study subjects

Characteristics AR (n=54) Control (n=30)
Gender (male/female) 25/29 15/15
Age (mean.range/year) 25.4 (6-36) 235(12-32)
Allergen
House dust mite 20 none
Pollens 10 none
Multiple allergens 18 none
FVC, %predicted 89.2+98 9724122
FEV1, %predicted 81.0+132 956+11.9
FEV1/FVC 0.74+0.11 0.79+0.08

FVC, forced vital capacity; FEV1, forced vital capacity (FVC); forced expiratory
volume in 1 second.
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FACS characterization of exosomal phenotyped extracellular
vesicles

To confirm that the structures studied indeed are exosomal
phenotyped extracellular vesicles, they were examined by flow
cytometric analysis. Nasal mucus was treated with Dynabeads
to detect surface proteins. Pilot experiments showed that the
studied vesicles were confirmed as exosomes by using FACS
analysis by specifically binding to latex beads coated with anti-
CD63 (Fig. 1), which demonstrated the presence of the surface
protein CD63—a commonly used marker of exosomes. Further
analysis indicated that exosomes from all samples showed the

[ Healthy controls M Allergic rhinitis

MFI ratio
N

HLA-DR CD63

Fig. 1. Flow cytometric analysis of extracellular vesicles displayed expression
of CD63 and MHCII surface markers. Results are shown as the MFI for the de-
tected molecule divided by the MFI for the isotype control. Data shown are rep-
resentative of at least 3 independent experiments and are shown as mean=+
SEM.

+ AR patients
g 4 Controls
— AR patients
7 + — Controls

TagMan miRNA array

qPCR

Fig. 2. Correlation between TagMan microRNA and TagMan real-time RT-PCR
assays. Eight detectable miRNAs (miR-146a, miR-155, let-7a, miR-181a, miR-
454, let-7b, miR-28-3p, and miR-885-5p) were selected for the evaluation of the
384-well microfluidic card, by independent TagMan real-time RT-PCR on the
same samples. Data are represented representative of 3 repetitive experi-
ments.
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presence of MHCII (Fig. 1). No significant differences were seen
between the groups.

MicroRNAs were differentially expressed in nasal mucus
extracellular vesicles in AR patients

In an initial effort to identify differentially expressed vesicle
miRNA in AR patients, we profiled the expression of 366 miR-
NA by using TagMan miRNA arrays. The high sensitivity and
specificity of this method have been well established.” To in-
vestigate relative abundances of the vesicle miRNAs detected,
they were normalized in each sample to Mamm RNU44. The

Table 2. Differential miRNA expression in AR patients
microRNA  Fold change Adjusted P

AR patients vs healthy controls

Up-regulated let-7a 7275 0.04482
miR-454 5.801 0.03169
let-7b 4.061 0.00641
miR-223 3.047 0.00264
miR-483-5p 2928 0.04196
miR-149* 2.763 0.02939
miR-30a-5p 2.738 0.02555
miR-193b 2.69 0.03341
miR-199b-3p 2.624 0.03037
miR-210 2.558 0.02539
miR-184 2.381 0.04122
miR-190 2.362 0.01944
miR-199b 2.288 0.0068
miR-203 2.284 0.04714
miR-219 2.278 0.00027
miR-299-5p 2.239 0.01452
miR-302b 2.229 0.04787
miR-335 1.554 0.01729
miR-518f 1.162 0.0419
miR-627 1.077 0.02158
miR-708 1.041 0.00038

Down regulated miR-874 0.116 0.0009
miR-208 0.132 0.0466
miR-875-5p 0.144 0.04937
miR-302c* 0.172 0.00621
miR-146a 0.172 0.00051
miR-155 0.177 0.02191
miR-122 0.206 0.00037
miR-181a 0.234 0.04186
miR-28-3p 0.264 0.01006
miR-885-5p 0.351 0.00431
miR-24 0.355 0.02542
miR-136 0.421 0.02859
miR-548d 0.705 0.03498
miR-628-5p 0.795 0.04923
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data indicated that 79 miRNAs (21.3%) could be detected (as-
says giving Ct values <35 in at least 1 pool were classed as de-
tectable, results not shown). The study revealed differential ex-
pression of 35 vesicle miRNAs in nasal mucus extracellular ves-
icles. Among them, we found that 21 vesicle miRNAs were up-
regulated and 14 miRNAs were under-regulated significantly
(P<0.05) in nasal mucus from AR patients when compared to
healthy controls (Table 2). To investigate relative abundances of
the miRNAs detected, we found strong correlation between our
Tagman miRNA arrays profiling and Tagman Real-Time RT-
PCR data (Pearson correlation coefficient: r=0.95, P<0.001;
Fig. 2). Taken together, these data indicated that our prelimi-
nary screening assay of aberrantly expressed miRNAs for AR in

extracellular vesicle was a reliable and feasible method.

miRNAs in Nasal Mucus

Comparative pathway analysis

In order to examine which biologic pathways were affected
during development of AR, we utilized DIANA-mirPath on AR-
related dysregulated exosmal miRNA signatures for further in-
vestigation. Twenty-two KEGG biological processes were sig-
nificantly enriched (P<0.05, FDR corrected) among differen-
tially expressed vesicle miRNAs in nasal mucus when com-
pared to those of healthy controls. Among them, the B-cell re-
ceptor signaling pathway (P=3.709E-09), Natural killer cell-me-
diated cytotoxicity (P=8.466E-05), the T-cell receptor signaling
pathway (P=0.00075), the RIG-I-like receptor signaling path-
way (P=0.00127), the Wnt signaling pathway (P=0.00130), en-
docytosis (P=0.00440), salivary secretion (P=0.04660) were the
most prominent pathways enriched in quantiles with differen-
tial vesicle miRNA patterns (Table 3), suggesting that these bio-

Table 3. Biologic pathways enriched by differentially expressed miRNAs in AR patients

KEGG pathway P-value, FDR corrected #genes #miRNAs Prediction
PI3K-Akt signaling pathway (hsa041571) 1.925E-10 76 12 microl-CDS
B cell receptor signaling pathway (hsa04662) 3.709E-09 24 9 microl-CDS
Regulation of autophagy (hsa04140) 2.654E-07 13 5 microl-CDS
Regulation of actin cytoskeleton (hsa04810) 3.379E-07 48 " microT-CDS
Focal adhesion (hsa04510) 1.329E-06 45 " microl-CDS
MAPK signaling pathway (hsa04010) 1.362E-06 56 " microl-CDS
Ubiquitin mediated proteolysis (hsa04120) 2.296E-06 34 8 microl-CDS
ErbB signaling pathway (hsa04012) 2.296E-06 24 10 microl-CDS
mRNA surveillance pathway (hsa03015) 2.730E-06 24 8 microl-CDS
N-Glycan biosynthesis (hsa00510) 6.979E-06 15 9 microT-CDS
RNA degradation (hsa03018) 3.981E-05 19 7 microl-CDS
Natural killer cell mediated cytotoxicity (hsa04650) 8.466E-05 33 10 microl-CDS
Aldosterone-regulated sodium reabsorption (hsa04960) 0.00061 " 6 microT-CDS
Gap junction (hsa04540) 0.00071 19 10 microT-CDS
T cell receptor signaling pathway (hsa04660) 0.00075 24 8 microT-CDS
Toll-like receptor signaling pathway (hsa04620) 0.00097 24 8 microl-CDS
RIG-I-like receptor signaling pathway (hsa04622) 0.00127 17 8 microT-CDS
Wht signaling pathway (hsa04310) 0.00130 33 9 microl-CDS
Inositol phosphate metabolism (hsa00562) 0.00165 16 9 microT-CDS
mTOR signaling pathway (hsa04150) 0.00172 15 8 microT-CDS
Bacterial invasion of epithelial cells (hsa05100) 0.00300 17 10 microT-CDS
ABC transporters (hsa02010) 0.00397 1 5 microT-CDS
Carbohydrate digestion and absorption (hsa04973) 0.00435 10 6 microT-CDS
Endocytosis (hsa04144) 0.00440 38 1 microT-CDS
RNA transport (hsa03013) 0.00497 30 " microT-CDS
Fc gamma R-mediated phagocytosis (hsa04666) 0.00866 19 10 microl-CDS
Adherens junction (hsa04520) 0.00978 19 8 microl-CDS
Insulin signaling pathway (hsa04910) 0.01200 26 9 microl-CDS
Tight junction (hsa04530) 0.01455 26 8 microl-CDS
Osteoclast differentiation (hsa04380) 0.04007 24 9 microl-CDS
Salivary secretion (hsa04970) 0.04660 17 6 microl-CDS
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Fig. 3. Differentially expressed vesicle miRNAs in the B-cell receptor signaling pathway. (A) Diagram of the B-cell receptor signal pathway. Four dysregulated miR-
NAs (miR-30-5p, miR-199b-3p, miR-874, and miR-28-3p) were associated with the B-cell receptor signaling pathway by possibly regulating their potential gene tar-
gets. (B) Quantitative expression of miR-30-5p, miR-199b-3p, miR-874, and miR-28-3p as assessed by TagMan real-time RT-PCR in individual nasal mucus vesicle
samples from 44 AR patients and 20 healthy controls. Relative expression of these miRNAs was statistically differentially expressed compared to healthy controls
(P<0.05, Mann Whitney U test). All gRT-PCR reactions were performed in triplicate, and the Ct values greater than 35 from real-time PCR assays were treated as
35. The delta Ct values were calculated by using RNU44 as the endogenous control.

*P<0.05; **P<0.01.

*x% B AR patients
M Controls

MicroRNA relative expression fold

miR-203

miR-875-5p (B)

Fig. 4. Differentially expressed vesicle miRNAs in the salivary secretion signal pathway. (A) Two dysregulated miRNAs (miR-203 and miR-875-5p) as examples for
examining miRNA-mRNA relationships in salivary secretion. (B) Quantitative expression of miR-203 and miR-875-5p as assessed by TagMan real-time RT-PCR in in-
dividual nasal mucus vesicle samples from 44 AR patients and 20 healthy controls. Relative expression of both miRNAs was statistically differentially expressed
compared to healthy controls (P<0.05, Mann Whitney Utest). All gRT-PCR reactions were performed in triplicate, and the Ct values greater than 35 from the real-
time PCR assays were treated as 35. The delta Ct values were calculated by using RNU44 as the endogenous control.

*P<0.05; **P<0.01.

logic pathways were involved in the development of AR.

Validation of miRNA array expression using independent
samples

We employed TagMan Real-Time RT-PCR to validate expres-
sion levels of the dysregulated miRNAs from microRNA assay.
Four miRNAs (miR-30-5p, miR-199b-3p, miR-874, and miR-28-
3p) in the B-cell receptor signaling pathway were selected for
further validation using an independent cohort of 44 AR pa-

454 http://e-aair.org

tients and 20 healthy controls. In agreement with the prelimi-
nary data from microRNA assay, miR-30-5p and miR-199b-3p
were significantly increased in individual vesicle samples from
nasal mucus when compared to healthy controls. While miR-
874 and miR-28-3p were significantly under expressed in indi-
vidual vesicle samples (Fig. 3). In addition, we chose another 2
miRNAs (miR-203 and miR-875-5p) in the salivary secretion
pathway using individual vesicle samples from 44 AR patients
and 20 healthy controls. MiRNA-203 was significantly increased
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in AR patients, while miRNA-875-5p was found to be signifi-
cantly decreased in AR patients (Fig. 4). Taken together, inde-
pendent TagMan real-time qPCR expression results confirmed
the validity of differentially expressed vesicle miRNAs identified
by human microRNA assay and our results defined a profile of
dysregulated vesicle miRNA signatures related to AR, which re-
vealed that these miRNAs may have a functional role in the
pathogenesis of AR.

DISCUSSION

AR is a common disease characterized by chronic inflamma-
tion of the nasal mucosa,®**” but we have not fully understood
the mechanism for the development of AR. In this study, we re-
port that a substantial group of vesicle miRNA expressions are
altered in AR and that differentially expressed miRNAs appear
to be involved in the development of AR. Our finding may lead
to a better understanding about the roles of identified vesicle
miRNAs in the pathogenesis of AR; this would be considered in
future therapeutic strategies.

In this study, for the first time, we have, verified the presence
of miRNA in extracellular vesicles isolated from the superna-
tant of nasal mucus from AR patients. Furthermore, we re-
vealed alterations in the vesicle miRNA profiles from AR pa-
tients, suggesting an intrinsic dysregulation of vesicle miRNA
content during AR. Increasing evidence supports the impor-
tance of miRNA regulation in development of AR, but the regu-
latory mechanism has so far been poorly defined. Prediction
and identification of miRNA-targeting genes offers an experi-
mental basis for further research on miRNA regulatory mecha-
nisms. Bioinformatic methods based on sequence similarities
between targets and miRNAs were used to predict the potential
target genes. In this study, we utilized DIANA-mirPath to dem-
onstrate that 32 KEGG biological processes were significantly
enriched among differentially expressed vesicle miRNA signa-
tures, including the B-cell receptor signaling pathway, the natu-
ral killer cell-mediated cytotoxicity, the T-cell receptor signaling
pathway, the RIG-I-like receptor signaling pathway, the Wnt
signaling pathway, endocytosis, and salivary secretion. It fur-
ther expanded to some other important pathways, such as RNA
degradation, the mRNA surveillance pathway, the Wnt signal-
ing pathway, the adipocytokine signaling pathway, and leuko-
cyte transendothelial migration. Taken together, these results
might indicate that vesicle miRNAs exert a moderating regula-
tory function in AR. Exosomes are either released from the cell
when multivesicular bodies fuse with the plasma membrane or
they are released directly from the plasma membrane.*® It
would be helpful to know the origin of exosomes to evaluate
the importance and function of altered miRNAs in AR. Numer-
ous investigators have actively researched the role that exo-
somes may play in cell-to-cell signaling, hypothesizing that be-
cause exosomes can merge with and release their contents into
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cells that are distant from their cell of origin, they may influence
processes in the recipient cell. For example, RNA that is shut-
tled from one cell to another, known as “vesicle shuttle RNA,”
could potentially affect protein production in the recipient
cell.** By transferring molecules from one cell to another, exo-
somes from certain cells of the immune system, such as den-
dritic cells and B cells, may play a functional role in mediating
adaptive immunity.*

MiRNAs are critical post-transcriptional regulators of gene ex-
pression that control the development of AR. Deregulation of
miRNA-mediated mechanisms is emerging as an important
pathological factor for allergy-related disease.''® Yu et al.*!
compared the miRNA expression profiles in nasal mucosa from
AR patients and nonallergic controls by means of microarray.
They identified 9 differentially expressed miRNAs with a more
than 2-fold change, including 2 up-regulated miRNAs and 7
down-regulated miRNAs. Further quantitative RT-PCR assay
confirmed the down-regulation of hsa-miR-224, hsa-miR-187,
and hsa-miR-143 in AR.*' Employing quantitative RT-PCR, Sou-
jalehto et al.** measured the expression levels of selected 35
miRNAs that were formerly identified as differentially expressed
miRNAs in AR in Yu’s study or considered to relate to inflam-
mation or immunological responses by earlier studies. They
found that subjects with current AR symptoms have increased
levels of miR-155, miR-205, and miR-498, but reduced levels of
let-7e in nasal mucosa. They also found that patients with posi-
tive skin prick test results show increased miR-155/miR-205 but
decreased let-7a expressions as compared to subjects with neg-
ative skin prick test results. Therefore, dysregulated microRNAs
may play an important role in the development of AR.

Although studying miRNA expression profiles in tissue can
provide us with an overview of gene regulation in diseased mu-
cosa, there may be a significant degree of cellular heterogeneity
across individual biopsies. It is confusing that we can see more
discrepancies than consistency in miRNA profiles in AR be-
tween Yu'’s and Soujalehto’s studies. The underlying reasons are
unclear but may be related to the heterogeneity of the tissue.
The other limitation of their studies is that functions of aber-
rantly expressed miRNAs in AR have not been investigated.
Chen et al.* screened for the expression of a panel of 157 miR-
NAs in mononuclear leucocytes from human umbilical CB
samples and analyzed the association of miRNA expression
with the development of AR. They found that miR-21 and miR-
126 levels are significantly lower in CB with elevated IgE levels
and in monocytes from AR children. Transfection of miR-21
precursor into monocytes suppressed transforming growth fac-
tor beta receptor 2 (TGFBR2) expression, suggesting a role of
miR-21 to regulate TGFBR2.* In our study, we have predicted
that some miRNAs target genes, such as c-Fos, Lyn, MUC?7, and
GNAC, are associated with development of AR. Previous evi-
dence demonstrated that c-fos is a regulator of degranulation
and cytokine production in FceRI-activated mast cells,** which
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play a significant role in the initiation of many inflammatory re-
sponses, such as allergy and allergy-associated diseases. A role
for Lyn kinase as a positive regulator of immunoglobulin (Ig) E-
dependent allergy has long been accepted. Contrary to this be-
lief, Lyn kinase has been found to have an important role as a
negative regulator of the allergic response.”” MUC? is differen-
tially expressed in mucous and serous cells of submucosal
glands in human bronchial airways of asthmatic patients.*
Based on these studies, we believe that miRNAs regulating c-
fos, Lyn, and MUCY possibly have a significant function during
disease progression of AR. In the future, we will study the
mechanism of dysregulated miRNAs in extracellular vesicles
during the development of AR.

Compared to mRNAs and even proteins, miRNAs are in a rel-
atively stable form, which makes miRNAs a potential candidate
as noninvasive biomarkers. Some preclinical studies on cancer
offer an exciting possibility of miRNAs acting as biomarkers for
disease diagnosis, stratification, and monitoring.**® The find-
ing that miR-21 has the potential to facilitate the diagnosis of
AR in newborn also highlights the possibility of miRNAs as bio-
markers for diagnosis and prognosis of inflammatory upper
airway diseases.” Suppression of overexpressed miRNAs or res-
toration of down-regulated miRNAs in different disease condi-
tions may be of therapeutic profit. Intravenous or local delivery
of synthetic miRNAs and their inhibitors in mice has shown lit-
tle evidence of toxicity.* Currently, there is a lack of in vivo
studies regarding the therapeutic effect of miRNAs in inflam-
matory upper airway disease. There is no doubt that the trans-
lational studies on the clinical usage of miRNAs in inflammato-
ry upper airway disease will finally change our approach to the
diagnosis, prognosis, and treatment of AR. Nevertheless, de-
spite the promising efficacy and safety of miRNAs, the efficacy
and specificity of the chosen miRNAs/anti-miRNAs, their abili-
ty to be effectively delivered to the disease site, and their chro-
nicity once they reach their intended location are all aspects for
intense development in future. To conclude, our study reveals
that there could be a substantial dysregulated vesicle miRNAs
in patients with AR and will aid in future clinical interventions.
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