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Abstract: To explore the correlation of microRNA (miRNA) profiles with disease risk and severity in patients with aller-
gic rhinitis (AR). miRNA expression profiles in nasal mucosa samples from 8 AR patients and 8 matched non-atopic
controls were detected by microarray. Twelve differentially expressed miRNAs (DEMs) in microarray analysis were
further validated in nasal mucosa samples from 48 AR patients and 50 controls by gPCR assay. Individual nasal
symptom score (INSS) and total nasal symptom score (TNSS) were used to evaluated the disease severity of AR. AR
patients could be distinguished from controls according to the principal component analysis (PCA) plot analysis in
the microarray, and 27 down-regulated and 51 up-regulated DEMs were identified by volcano plot. gPCR validation
disclosed that miR-126-5p, miR-19a-5p and miR-26a-5p expression was up-regulated in AR patients compared with
controls. Multivariate logistic regression displayed that miR-126-5p, miR-19a-5p and miR-26a-5p are independent
predictive factors for AR risk, and receiver operating characteristic (ROC) analysis exhibited that the combination of
miR-126-5p, miR-19a-5p and miR-26a-5p predicts the risk of AR with a high area under curve (AUC) of 0.866 (95%
Cl: 0.797-0.936). In addition, expression of miR-126-5p, miR-19a-5p and miR-181c-3p were positively correlated
with TNSS. Therefore, miRNA profiles distinguish AR patients from controls and the combination of miR-126-5p,

miR-19a-5p and miR-26a-5p could serve as novel biomarker for AR risk.
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Introduction

Allergic rhinitis (AR) is an immunoglobulin (Ig)
E-mediated disorder triggered by exposure of
nasal mucosa to allergens [1]. Four hundred-
million people suffer from AR worldwide and
the prevalence of AR is still rising due to chan-
ges in the socioeconomic environment (indus-
trialization and air pollution) [2, 3]. The symp-
toms of AR seriously affect the patient’s life,
work and study, especially in children and ad-
olescents [3, 4]. AR patients mostly present
with nasal rhinorrhea, itching, sneezing and
congestion while a considerable proportion of
AR patients are misdiagnosed as non-inflam-
matory rhinopathy (also known as vasomotor
rhinitis) and non-allergic chronic rhinosinusitis
[5]. Misdiagnoses lead to delayed timing of
treatment in clinical practice and thus, bio-
markers for predicting the risk of AR and mo-
nitoring disease progression in AR patients
are much needed so as to provide an accurate
diagnosis as well as timely treatment.

microRNAs (miRNAs), a family of small non-
coding RNAs with 21-25 nucleotides, act main-
ly as suppressors of gene expression by tr-
anslational repression and/or mRNA degrada-
tion by binding to the 30 untranslated regions
(30 UTRs) of their target mRNAs [6]. miRNA
shave recently been recognized as pivotal for
immune cell differentiation and immune regula-
tion, and their dysregulation has been report-
ed to correlate with many allergic diseases.
miRNAs mediateimmune responses such as
activating eosinophil proliferation and regulate
the signal transduction sensitivity of the T ce-
Il antigen receptor and Th1/Th2 imbalance [7,
8]. In addition, increasing evidence suppor-
ts miRNA expressionas altered in AR patients
and dysregulated miRNAs have been reported
to be correlated with the development of AR
[9-11], such as up-regulated miRNA-155 expr-
ession innasal mucosa of AR patients com-
pared with healthy controls. Modulation of the
IL-13 pathway in human macrophages and B
and T lymphocytes influences AR progression
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Table 1. Characteristics of AR patients and controls in Stage

| of microarray assay

structive pulmonary disease (COPD),
asthma, immunological disease, in-

P fection, renal or hepatic dysfunction,

AR patients Controls : .
Parameters (N =8) (N =8) Value solid cancers or malighant hemato-
Age (years) 5088 +5.79 2113 + 10.75 0.955 logical diseases were excluded from
o DN ’ the study.
Female (n/%) 5 (62.5) 4 (50.0) 0.614 y

Disease Duration (months) 76 (59-114)
INSS score

Nasal rhinorrhea 2.00£0.18
Itching 2.13+0.25
Sneezing 2.25+0.13
Congestion 2.00 £ 0.27
TNSS score 8.38 £ 0.16

- Apart from the 8 pair of AR and con-
- trols enrolled in Stage |, another 40
- AR patients and 42 controls were
_ recruited in the Central Hospital of
Wuhan, Tongji Medical College, Hua-
zhong University of Science and Te-
chnology between Dem 2016 and
Jun 2017 in Stage Il of this case-

Data arepresented as mean value + standard deviation, median (quartile
25M-75M) or count (%). Comparison was determined by t test or Chi-square
test. P value < 0.05 was considered statistically significant. AR, allergic
rhinitis; INSS, individual nasal symptom score; TNSS, total nasal symptom

score.

[10]. Although several miRNAs have been re-
ported to be dysregulated in AR, little is kn-
own about the entire miRNA expression pro-
file in AR patients in regardto potential corre-
lation with disease risk and severity.

Thus, this study aimed to explore differences-
in miRNA profiles in nasal mucosa between AR
patients and non-atopic patients, and to ex-
plore the correlation of microRNA profiles with
disease risk and severity in patients with AR.

Materials and methods
Participants

EightAR patients in the Central Hospital of
Wuhan, Tongji Medical College, Huazhong Uni-
versity of Science and Technology from Oct
2016 to Nov 2016 were consecutively enroll-
ed in Stage | of this case-control study. The
inclusion criteria were: Diagnhosis as AR accord-
ing to the criteria of the Allergic Rhinitis and
Its Impact on Asthma (ARIA) guideline (2010);
Age less than 60 years. Patients with the fol-
lowing conditions were excluded: complicated
with bronchial asthma, chronic rhinosinusitis,
nasal polyposis, excessive septal deviation;
current smokers; chronic renal disease or hep-
atobiliary disease; history of immunological di-
sease, solid cancers or malignant hematolo-
gical diseases. In addition, 8 age and gender
matched non-atopic patients with obstructive
snhoring undergoing adenoid surgery were re-
cruited as controls. Patients with chronic ob-
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control study. The inclusion and ex-
clusion criteria were the same as
in Stage |. Thus, in total 48 AR pa-
tients and 50 controls were included
in the analysis in Stage Il

Ethical approval was obtained from the Ethi-
cs Committee Boards of The Central Hospital
of Wuhan, Tongji Medical College, Huazhong
University of Science and Technology. Informed
consent was acquired from all participants.

Sample collection

Nasal mucosa sample from the inferior turbi-
nate was obtained from all AR patients and
controls and subsequently stored in liquid ni-
trogen under microarray detection or quanti-
tative real-time polymerase chain reaction
(QRT-PCR).

Microarray in stage |

Total RNA was extracted from nasal mucosa
sample of 8 AR patients and 8 controls in Sta-
ge | using TRIzol regent (Invitrogen, USA) accor-
ding to the manufacturer’s instructions. 500
ng total RNA was used for miRNA microarray
which was done according to the protocol of
the manufacturer’s (LC Sciences, USA). In ad-
dition, the chips were marked by biotin-labell-
ed DNA molecule and hybridized, and then
washed on the GeneChip Fluidic Station 450
platform.

Data processing of microarray, differentially
expressed miRNAs (DEMs) and enrichment
analysis

In consideration of the essential background
of each chip, the overall signal strength varies
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Figure 1. The principal component analysis (PCA) plot. The Principal Components Analysis (PCA) plot showed that
in comp_2 axe (A), AR patients can be distinguished from controls via miRNA profiles, whiledifferences of miRNA
expressionbetween AR patients and controls were not found in comp_1 axe (A) as well as comp_3 axe (B). The PCA
plot analysis of the 8 pairs of samples in microarray was used to distinguish AR patients and controls (Comp_1,
Comp_2 and Comp_3 stand for three principal components respectively).

among chips, which results in error of the mi-
RNA expression calculation, thus in order to
normalize the raw data of each chip, the Ro-
bust Multichip Average (RMA) was performed.
The RMA was an algorithm used for creating
an expression matrix from Affymetrix data,
and the raw intensity values were background
corrected, log2 transformed, and subsequen-
tly quantiles were normalized using the RMA
method. For the access of the expression mea-
sure for each probe set on each array, a linear
model was performed for the normalized data.

DEMs were identified between AR patients
and controls via the limma package in R soft-
ware Version 3.2.5 (MathSoft, USA). MiRNAs
with the thresholds of Benjamini-Hochberg
adjusted P < 0.05 and |log2 (fold change)|>1
were identified as DEMs. The annotation of
DEMs was regulated by miRNA enrichment
analysis in annotation (miEAA) database, in-
cluding Gene Ontology (GO) and Kyoto En-
cyclopedia of Genes and Genomes (KEGG)
pathway database. Fisher's exact test was
used to distinguish overrepresented miRNA-
related items for the enrichment analysis of
DEMs and its precursors.

gRT-PCR validation in stage Il
In stage Il, qPCR assay was used to detect

the relative expression of the top 12 signifi-
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cant DEMs that were identified in Stage | by
microarray. Total RNA was extracted from na-
sal mucosa sample of 48 AR patients and
50 controls by TRIzol reagent (Invitrogen, USA)
in Stage Il, which was then reverse transcribed
into cDNAs by One Step Primer Script miRNA
cDNA Synthesis Kit (Takara, China). SYBR
Premix Ex Taq kit (Takara, China) was then
usedto detect candidate miRNAs expression,
while the data of candidate miRNAs were nor-
malized according to the expression of U6. The
final results were analyzed using SDS 1.4 soft-
ware according to the 2t method.

AR severity assessment

Individual nasal symptom score (INSS) was
evaluated in AR patients after enroliment. The
scoring consists of nasal rhinorrhea, sneezing,
itching and congestion, and each item was
scored as O = no symptoms, 1 = mild symp-
toms, 2 = moderate symptoms, and 3 = severe
symptoms. Subsequently total nasal symptom
score (TNSS) was calculated by adding nasal
rhinorrhea, sneezing, itching, and congestion
scores together.

Statistics
Statistical analysis was performed by SPSS

21.0 (IBM, USA), GraphPad Prism 6 (GraphPad

Int J Clin Exp Pathol 2018;11(3):1791-1802
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Figure 2. Differential analysis of DEMs and Enrichment analysis. Volcano plot displayed 27 down-regulated miRNAs
and 51 up-regulated DEMs (A) and heat map analysis showed that AR patients could be distinguished from controls
according to dysregulated DEMs (B). Enrichment analysis showed that the DEMs were mostly associated with in-
flammatory responses (C) and pathways (chemokines, MAPK and ILs) related to regulation of inflammatory disease
(D). DEMs was compared by R package limma, Benjamini as well as Hochberg procedure was carried out to adjust
P values, and clinical significance defined as a difference of 2.0 folds (absolute (log2 (fold change))>1.0). Fisher’s
exact test was used to distinguish overrepresented miRNA-related items for the enrichment analysis of DEMs and

its precursors.

Software, USA) and R software Version 3.2.5
(MathSoft, USA). Data are presented asmean +
standard deviation, median and (25"-75™") or
count (percentage). Comparison of baseline
characteristics was determined by t test or
Chi-square test. The comparison of validated
miRNAs in stage Il was determined by Wilcoxon
rank-sum test. Univariate logistic regression
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model was performed to analyze the factors
for predicting AR risk, while factors with a P
value no more than 0.1 were further analyzed
by multivariate logistic regression analysis. Re-
ceiver operating characteristic (ROC) curve
was used to assess the predictive value of va-
lidated miRNAs affecting AR risk. P value <
0.05 was considered statistically significant.

Int J Clin Exp Pathol 2018;11(3):1791-1802



MicroRNA profiles in allergic rhinitis

Table 2. Top 12 DEMs between AR patients and controls

in microarray

114) months, and the TNSS score was
8.38 + 0.16, while INSS scores were as

d follows: nasal rhinorrhea 2.00 + 0.18,

DEMs LogFC AveExpr P Value Tren tching 2.13 + 0.25 ing .05

- itching 2.13 + 0.25, sneezing 2.25 +
miR-1908-5p  2.708755 4.308389 1.17E-11  UP :

0.13 and congestion 2.00 + 0.27.
miR-126-5p 3.21136 4562552 4.90E-11  UP g
miR-92a-3p 2.266234  3.53371 3.07E-08 uP DEM analysis and enrichment analysis
miR-572 -1.20753 1.494931 4.18E-06 DOWN
miR-1228-3p  -0.91754  1.178168 4.28E-06 DOWN The PCA plot analysis was performed
miR-483-5p -0.9257  1.357245 1.11E-05 DOWN to evaluate the difference of miRNA
miR-125a-5p 2477425 3.772401 1.84E-05  UP aggregate between two groups, which
miR-19a-5p  1.039185 1.351904 0.000276  UP showed that miRNA expression can
miR26a5p 1032444 102019 0000417  UP clearly distinguish AR patients from
P ’ ) ’ controls in comp_2 axe, while in co-

miR-106a-5p  1.477438 2.025603 0.000566  UP mp_1 axe (Figure 1A) and comp__3 axe
miR-181¢c-3p 0.992658 0.714471 0.000582 UpP (Figure 1B), the differences of miRNA
mlR-3177-3p 0.723816 0.699096 0.00067 UpP expression between AR anentS and

Top 12 DEMs were selected according to P value. Comparison was

determined by limma package in R software. AR, allergic rhinitis; DEMs,

differentially expressed miRNAs; LogFC, log, (fold change); AveExpr,
average of expression level; Trend: UP, Up-regulated; Down, Down-

regulated.

Table 3. Characteristics of AR patients and controls in

controls were not found. Furthermore,
as presented in volcano plot (Figure
2A), 27 down-regulated miRNAs and
51 up-regulated miRNAs were detected
in AR patients and the dysregulated
miRNAs analyzed by heat mapshowed
that AR patients and controls could be

stage Il differentiated by the expression of up-
AR patients Controls p regulated miRNAs and down-regulated
Parameters (N = 48) (N = 50) Value miRNAs (Figure 2B).
Age (years) 23.25+6.90 25.14 + 8.38 0.266 The enrichment analysis of DEMs con-
Female (n/%) 24(50.0) ~ 28(56.0) 0.552 sisted of two areas, including GO (Fi-
Disease Duration (months) 79 (61-118) gure 2C) and KEGG pathway (Figure
INSS score - 2D), which showed that the DEMs were
Nasal rhinorrhea 1.90 £ 0.10 - mainly associated with inflammatory
Itching 1.85 + 0.08 - responses and pathways mediated by
Sneezing 2.31 +0.10 _ chemokines, MAPK and ILs.
Congestion 1.96 +0.10 i Top 12 DEMs between AR patients and
TNSS score 8.02+0.23 - -

controls in microarray

Data arepresented as mean value + standard deviation, median
(quartile 25"-75") or count (%). Comparison weredetermined by t test or
Chi-square test. P value < 0.05 was considered statistically significant.
AR, allergic rhinitis; INSS, individual nasal symptom score; TNSS, total

nasal symptom score.

Results

Characteristics of AR patients and controls in
stage | of microarray assay

The overall demographic and clinical charac-
teristics of AR patients (n = 8) and controls (n =
8) in Stage | arelisted in Table 1. No differen-
ces were observed in age as well as gender
between AR patients and controls (P = 0.955
and P = 0.614, respectively). Among the AR
patients, the disease duration was 76 (59-
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The top 12 DEMs were selected in
AR patients according to their P values
(Table 2), which consisted of 9 up-regu-
lated miRNAs, miR-1908-5p, miR-126-
5p, miR-92a-3p, miR-125a-5p, miR-19a-
5p, miR-26a-5p, miR-106a-5p, miR-181c-3p,
and miR-3177-3p, and 3 down-regulated miR-
NAs, miR-572, miR-1228-3p, and miR-483-5p.

Characteristics of AR patients and controls in
stage Il

The overall demographic and clinical character-
istics of AR patients (n = 48) and controls (n =
50) in Stage Il are shown in Table 3. There
was no difference in terms of age (P = 0.266)
and gender distribution (P = 0.552) bet-

Int J Clin Exp Pathol 2018;11(3):1791-1802
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Figure 3. Relative expression of 12 DEMs in stage Il. The relative expressions of 12 DEMs were assessed by qPCR
in the stage Il, which displayed that relative levels of miR-126-5p (B), miR-19a-5p (H) and miR-26a-5p (l) were
markedly up regulated in AR patients. No difference concerning the relative expressionof miR-1908-5p (A), miR-
92a-3p (C), miR-572 (D), miR-1228-3p (E), miR-483-5p (F), miR-125a-5p (G), miR-106a-5p (J), miR-181c-3p (K) or
miR-3177-3p (L) was found between AR patients and controls. Comparison between two groups was determined by
Wilcoxon rank-sum test. P < 0.05 was considered significant.

Table 4. Predictive value of validated miRNAs for AR risk

Univariate logistic regression

Multivariate logistic regression

Parameters 95% Cl 95% ClI
Pvalue OR - Pvalue OR -
Lower Higher Lower Higher
miR-1908-5p 0.041 1.335 1.012 1.761 0.074 1.472 0.963 2.247
miR-126-5p  0.003 1.478 1.137 1.922 0.024 1.562 1.059 2.304
miR-92a-3p 0.300 1.124 0.901 1.402 - - - -
miR-572 0.036 0.435 0.200 0.946 0.052 0.310 0.095 1.011
miR-1228-3p 0.139 0.710 0.451 1.118 - - - -
miR-483-5p 0.057 0.436 0.185 1.026 0.158 0.398 0.111 1.430
miR-125a-5p 0.417 1.264 0.718 2.226 - - - -
miR-19a-5p < 0.001 2.172 1.472 3.206 <0.001 3.375 1.820 6.259
miR-26a-5p < 0.001 2.654 1.543 4.565 0.002 3.393 1.542 7.465
miR-106a-5p 0.478 0.873 0.600 1.271 - - - -
miR-181c-3p 0.074 1.577 0.958 2.596 0.251 1.529 0.741 3.153
miR-3177-3p 0.342 1.125 0.882 1.436 - - - -

Data arepresented as P value, OR (odds ratio) and 95% CI (confidence interval). Factors
affecting AR risk were determined by univariate logistic regression analysis, while all fac-
tors with P value no more than 0.1 were further detected by multivariate logistic regres-

sion analysis. P Value < 0.05 was considered statistically significant. AR, allergic rhinitis.

ween the two groups. Among the AR patients,
the disease duration was 76 (61-118) months,
and the TNSS score was 8.02 + 0.23, while
INSS scores were as follows: nasal rhinorrhea
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1.90 + 0.10, itching 1.85
+ 0.08, sneezing 2.31
+ 0.10 and congestion
1.96 + 0.10.

Comparison of 12 DEMs
expression between AR
group and control group
in stage Il

In stage Il, miR-126-5p
(P = 0.001) (Figure 3B),
miR-19a-5p (P < 0.001)
(Figure 3H) and miR-26a-
5p (P < 0.001) (Figure
3l) were remarkably up-
regulated in AR patients
compared with controls.
No difference between
expression of miR-1908-
5p (P = 0.148) (Figure
3A), miR-92a-3p (P =
0.327) (Figure 3C), miR-

572 (P = 0.080) (Figure 3D), miR-1228-3p (P =
0.120) (Figure 3E), miR-483-5p (P = 0.163)
(Figure 3F), miR-125a-5p (P = 0.149) (Figure
3G), miR-106a-5p (P = 0.525) (Figure 3J), miR-

Int J Clin Exp Pathol 2018;11(3):1791-1802
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associated with increased ri-
sk of AR (Table 4).

The correlation of miRNA ex-
pression and the risk of AR

ROC curves were performed to
evaluate the diagnostic value
of miRNAs which could predict
AR risk independently in the
multivariate logistic models. As
shown in Figure 4, the area
under curve (AUC) of individual
miR-126-5p, miR-19a-5p and
miR-26a-5p were 0.685 (95%
Cl: 0.581-0.790) (Figure 4A),
0.742 (95% CIl: 0.644-0.840)
(Figure 4B) and 0.719 (95%
Cl: 0.619-0.819) (Figure 4C),
respectively, which indicate
that miR-126-5p, miR-19a-5p,
and miR-26a-5p could be go-
od predictors for risk of AR
separately. When combining
the expression of miR-126-5p,
miR-19a-5p, and miR-26a-5p,

Figure 4. ROC curve analysis of 3 DEMs in AR patients. ROC curve analysis
was performed to evaluate the diagnostic value of the independent predict-
ing miRNAs for AR risk in the multivariate logistic models in AR patients.
A. The area under curve (AUC) of miR-126-5p was 0.685 (95% Cl: 0.581-
0.790); B. The AUC of miR-19a-5p was 0.742 (95% Cl: 0.644-0.840); C.
miR-26a-5p was 0.719 (95% Cl: 0.619-0.819); D. The AUC of combination
of miR-126-5p, miR-19a-5p and miR-26a-5p was 0.866 (95% Cl: 0.797-
0.936) with good sensitivity and specificity (89.6% and 70%, respectively)

at the best cut-off point.

181c¢-3p (P = 0.097) (Figure 3K) or miR-3177-
3p (P = 0.435) (Figure 3L) was found between
AR patients compared to controls.

Predictive value of validated miRNAs for AR
risk

In the univariate logistic regression model,
expression of miR-1908-5p (P = 0.041), miR-
126-5p (P = 0.003), miR-19a-5p (P < 0.001)
and miR-26a-5p (P < 0.001) were positively cor-
related with risk of AR, while expression of miR-
572 (P = 0.036) was negatively associated with
AR risk. All factors with P value <0.1 were
included in the multivariate logistic regression,
which showed that higher expression of miR-
126-5p (P = 0.024), miR-19a-5p (P < 0.001),
and miR-26a-5p (P = 0.002) is independently
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the ROC curve showed a hi-
gh AUC of 0.866 (95% CI:
0.797-0.936) with good sensi-
tivity and specificity (89.6%
and 70%, respectively) at best
cut-off point which yielded the
maximum value of sensitivity
plus specificity (Figure 4D),
suggesting that the combina-
tion of the three miRNAs pre-
sented with a great value for predicting the risk
of AR.

Correlation of validated miRNAs with TNSS
score

Disease severity of AR patients was evaluated
by INSS and TNSS score. To explore the asso-
ciation of validated miRNA expression with dis-
ease severity of AR, Spearman tests were per-
formed. The levels of miR-126-5p (P = 0.003)
(Figure 5B), miR-19a-5p (P = 0.027) (Figure 5H)
and miR-181¢-3p (P = 0.005) (Figure 5K) in
nasal mucosal were illustrated to be positively
associated with TNSS score, while no correla-
tion was found with TNSS score in other 9
DEMs (miR-1908-5p (P = 0.102) (Figure 5A),
miR-92a-3p (P = 0.575) (Figure 5C), miR-572
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Figure 5. The associations of 12 DEMs with TNSS score. The expressions of miR-126-5p (B), miR-19a-5p (H) and
miR-181c-3p (K) were positively correlated with TNSS score; while the correlations between another 9 DEMs (miR-
1908-5p (A), miR-92a-3p (C), miR-572 (D), miR-1228-3p (E), miR-483-5p (F), miR-125a-5p (G), miR-26a-5p (),
miR-106a-5p (J) and miR-3177-3p (L)) and TNSS were not found. The association between 12 validated miRNAs and
TNSS score was analyzed by Spearman test. P < 0.05 was considered statistically significant.

(P = 0.241) (Figure 5D), miR-1228-3p (P =
0.991) (Figure 5E), miR-483-5p (P = 0.655)
(Figure 5F), miR-125a-5p (P = 0.257) (Figure
5G), miR-26a-5p (P = 0.520) (Figure 5I), miR-
106a-5p (P = 0.063) (Figure 5J) and miR-3177-
3p (P =0.945) (Figure 5L).

Correlation of validated miRNAs with INSS
score

miR-126-5p expression was correlated with
itching score (P = 0.033) and congestion sco-
re (P = 0.021). Additionally, the miR-19a-5p
level was correlated with nasal rhinorrhea sc-
ore (P = 0.024) and sneezing score (P =
0.038). For miR-181¢-3p, a positive correlation
was discovered with sneezing score (0.045)
and congestion score (P = 0.008). No other
correlation of other miRNAs with INSS score
was found (Table 5).

Discussion

Our study demonstrates that (1) AR patients
could be differentiated from controls according
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to miRNA profiles by PCA plot analysis, and 27
down-regulated miRNAs as well as 51 up-re-
gulated miRNAs were identified by volcano
map. (2) miR-126-5p, miR-19a-5p, and miR-
26a-5p expression was shown to be remark-
ably up-regulated in AR patients compared wi-
th controls. Multivariate logistic regression di-
splayed that miR-126-5p, miR-19a-5p, and
miR-26a-5p are independent predictive factors
for AR risk, and ROC curve displayed that the
AUC of the combination of miR-126-5p, miR-
19a-5p, and miR-26a-5p was 0.866 (95% ClI:
0.797-0.936) with good sensitivity and specific-
ity (89.6% and 70%, respectively). (3) The cor-
relation of miRNAs with AR severity was also
analyzed and the results indicate that miR-126-
5p, miR-19a-5p, and miR-181c-3p arepositi-
vely associated with TNSS, which is a rating
score of AR symptoms.

AR is a common disease characterized by
chronic inflammation of the nasal mucosa,
while unacceptable misdiagnosis of AR fre-
quently occurs in clinical practice which results
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Table 5. Correlation of validated miRNAs with INSS that miR-133b appears to strongly attenu-
score ate pathological alterations, eosinophils
Nasal and mast cells infiltration in nasal mucosa

thinorrhea 'tching Sneezing  Congestion via up-regulating the levels of cytokines

miR-1908-5p (TNF-a, IL-4, IL-5, and IFN-y) and relieves

allergic symptom, such as sneezing, in AR
mice by inhibition of NIrp3 inflammaso-

Coefficient R 0.137 0.063 0.167 0.275

Palue 0352 0671 0257 0.059 me-meditated inflammation [13]. miRNA-
miR-126-5p 135a is reported to down-regulate protein
CoefficientR  0.078 0.308 0.204 0.333 expression levels of GATA-3 and IL-4, and
P value 0.597  0.033 0.163 0.021 up-regulate the levels of T-bet and IFN-y as
miR-92a-3p well as correct the Th1/Th2 imbalance in
CoefficientR  -0.026 0.202 -0.026 0.257 the AR mice [8]. In addition, serum levels
P value 0.861 0.168 0.859 0.078 of miR-181a is found to be down-regulated
miR-572 in AR patients and is elucidated to have
CoefficientR  -0.079 -0.012 -0.085  -0.146 a negative correlation with IL-4/IL-5 and
P value 0591 0937 0.564 0.323 positive correlation with IFN-y/IL-12, result-
miR-1228-3p ing in increasing disease severity in child-

hood of AR patients [14]. These indicate

CoefficientR  -0.110 0.042 -0.048 0.188 . . . .
dysregulation of miRNAs is emerging as

P value 0.456 0.777 0.744 0.202 . . .

) a crucial factor in the etiology and develop-
miR-483-5p ment of AR. However, altered miRNAs pro-

CoefficientR ~ -0.091  0.022  0.153 0112 files in AR patients and the predicting value

P value 0.538 0.880 0.298 0.449 of the miRNAs for AR risk have not yet been
miR-125a-5p fully described.

CoefficientR  0.068 0.064 0.090 0.080

P value 0.646 0.667 0.545 0.587 miR-126-5p, an intronic miRNA located
miR-19a-5p within the Egfl7 gene, mediates mast cell

degranulation, cytokine production in a

Coefficient R 0.324 0.058 0.300 0.065 o .
mast cell-specific and activation depen-

_P value 0.024 0697 0.038 0660 dent way, acting as a positive mediator of
miR-26a-5p monocyte-mediated inflammatory respon-
Coefficient R 0.165 0.064 0.049 -0.034 ses [15, 16]. A previous in vivo experiment
P value 0.262 0.664 0.739 0.818 showed that overexpression of miR126
miR-106a-5p suppressed Spredl expression and enh-
Coefficient R  -0.049 0.006 -0.204 -0.221 anced extracellular signal-regulated kina-
P value 0.742  0.970 0.165 0.132 se activity in MC9 mast cells, which was
miR-181¢c-3p associated with elevated FceRIl-mediated
CoefficientR ~ 0.065 0183 0291  0.377 cytokine production [15]. Furthermore,
P value 0.663 0213 0.045 0.008 Huang J et al. illustrated that miR—126—5p
mMiR-3177-3p couldl up-regulate phosphoryIann of JNK
CoefficientR  0.050 -0.169 0.114 0.011 protein and enhance |nﬂa'mmatory res-
ponses of monocytes to lipopolysaccha-

P value 0.735 0.249 0.441 0.941

ride stimulation by suppressing cylindro-
matosis in HIV patients [16]. In this pres-
ent study, miR-126-5p was positively cor-
related with both risk and severity of AR,
the probable explanation may be that miR-

Correlation between validated miRNAs and INSS score was
analyzed by Spearman test. P < 0.05 was considered statistically
significant. INSS, individual nasal symptom score.

in delaying patients’ treatment and recovery [1, 126-5p contributes to the process related to
2, 12]. Recently, accumulating studies have AR development by mediating mast cells and
revealed that miRNAs are involved in the pa- promotes inflammatory responses [15-17].
thogenesis of AR in several ways such as re-

gulation of mast cells, eosinophilic granulo- miR-19a, one of the members of the miR-17-
cytes, and T helper cell (Th)1/Th2 imbalance 92 cluster, has a strong regulatory effect on the
[8, 13]. For instance, Xiao L et al. discovered immunity [18]. It has been reported that expr-
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ession of miR-19a is higher in the peripheral B
cells in AR patients, which is line with our study,
and miR-19a facilitates AR development by
mediating IL-4-suppressed IL-10 expression in
B cells [19]. In their following study, they found
that repressing expression of miR-19a in B ce-
lls could strengthen the effect of specific im-
munotherapy on Th2 response, which alleviat-
ed AR symptoms [19]. Coincidentally, another
study by Geng XR et al. also found that the le-
vel of miR-19a is significantly higher in periph-
eral B cells from AR patients than that in B
cells from healthy participants, and miR-19a
mediates the allergen-specific immune res-
ponse-decreased IL-10 expression in B cells in
AR process [20]. In our study, miR-19b-5p was
shown to be up-regulated in AR patients and it
was an independent predictive factor for AR
risk as well as correlated with the disease
severity of AR, which could be explained by the
destructive role of miR-19a in immune function
discovered by the previous studies [19, 20].

miR-26a-5p belongs to the miR-26 family, whi-
ch is also reported to be involved in the patho-
genesis of inflammation-related disease. For
instance, miR-26a is reported to repress in-
flammatory responses likelyby promoting re-
gulatory T cell responses or through NF-kB in-
hibition in chondrocytes, which results in the
disease progression of both sepsis and sys-
temic inflammatory response syndrome (SIRS)
[21]. Several previous studies revealed that
miR-26ais involved in inflammation through
multiple pathways and it may enhance AKT
pathway activation by PTEN suppression and
promote cancer PTEN Signaling pathway [22],
regulate endothelial cell dysfunction, apoptos-
is [23], and mediate Wnt and mitogen-activat-
ed protein kinase (MAPK) signaling pathways
[24]. Those results suggest that miR-26a-5p
could accelerate AR development, which mi-
ght explain the higher level of miR-26a-5p in
AR patients compared with controls in our
study, however no association was found be-
tween miR-26a-5p expression and disease
severity.

miR-181c-3p, one of the miR-181 family, has
been demonstrated to play important role in
regulating inflammatory response [25-27]. For
instance, in a rat model, miR-181c suppressed
TLR4 expression and subsequently reduced
NF-kB/p65 activation to regulate inflammatory
factor expression (TNF-¢, IL-2, IL-8 and chemo-

1800

kine) as well as restricts burn-induced inflam-
mation [25]. In our study, apositive correlation
between miR-181c-3p level and disease sev-
erity of AR patients was found, which highlights
the pivotal role of miR-181c-3p in regulating
inflammation [25-27].

More importantly, the ROC curve showed that a
combination of miR-126-5p, miR-19a-5p and
miR-26a-5p expression predicts AR risk with a
high AUC of 0.866 (95% CI: 0.797-0.936). The
diagnostic value could be explained by miR-
126-5p, miR-19a-5p and miR-26a-5p beingin-
volved in the pathogenesis of AR via mediating
mast cells, promoting inflammatory responses,
and destructing immune function. No similar
research has illustrated the combined predict-
ing value of miR-126-5p, miR-19a-5p and miR-
26a-5p for AR risk, which suggests that the
combination of miR-126-5p, miR-19a-5p, and
miR-26a-5p has a high potential for early diag-
nosis of AR as well as to be promising biomar-
kers for disease surveillance in AR patients.

Some limitations of our study include the fol-
lowing: (1) This case-control study enrolled 50
controls who were non-atopic patients with
obstructive snoring undergoing adenoid sur-
gery instead of health controls, and it resulted
from nasal mucosa samples that were diffi-
cult and inappropriate to be obtained from
healthy participants. Obstructive snoring did
not share the same mechanism with AR, and
it reduced the bias in this study. (2) Our stu-
dy was only conducted in a single center and
patients were enrolled from central China,
which doesnot represent the general popula-
tion of China. Thus multi-center, crossing re-
gional studies are needed for more convinc-
ing results. (3) The sample size of this study
was limited with 48 AR patients and 50 con-
trols which needed to be enlarged in the future
study.

In conclusion, miRNA profiles distinguish AR
patients from controls, and the combination
of miR-126-5p, miR-19a-5p and miR-26a-5p
could serve as novel biomarker for AR risk.
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