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1. Introduction
Combined allergic rhinitis and asthma syndrome (CA-

RAS) is a novel disease associated with lower and upper 
lung pneumonia. This combined inflammation immedia-
tely induces a coordinated response of immune cells and 
their mediators. Symptoms include airway hyperresponsi-
veness, mucus hypersecretion, and eosinophil infiltration 
in the airway, affecting nasal congestion and vascular per-
meability in patients [1]. Since both allergic rhinitis and 
asthma are type I allergies and they are very similar in 
etiology, immunology and pathogenesis, the diagnosis of 
CARAS is the combined diagnosis of allergic rhinitis and 
asthma, which can improve the sensitivity of the two di-
seases at the same time. High diagnostic accuracy can re-
duce the repeated use of drugs, thereby greatly decreasing 
the misdiagnosis rate and improving clinical efficacy [2]. 

The immunological and pathological changes of the 
upper and lower airways of CARAS are allergic inflam-
mation in the nasal mucosa and bronchial mucosa, res-
pectively. Inflammation of nasal mucosa and bronchial 
mucosa are very similar in terms of pathogenesis, genetic 
changes, local pathological changes, abnormal immune 
function and pathogenesis [3]. Allergic inflammation of 

nasal mucosa and bronchial inflammation of asthma is 
usually caused by the same allergen, and the pathology 
is allergic inflammation characterized by increased airway 
eosinophils [4]. However, the pathogenesis of CARAS is 
complicated and has not been fully elucidated.

MicroRNAs (miRNAs) are non-coding RNAs that re-
gulate post-transcriptional modifications and are involved 
in various physiological and pathological processes [5]. 
In recent years, more and more studies have shown that 
abnormal miRNA expression is widely found in patients 
with rhinitis and asthma and is closely related to the pro-
gression of the disease [6-8]. The study shows that miRNA 
regulation may play a key role in CARAS [9]. The miR-
4454 in monocyte-derived dendritic cells [10] and alveolar 
macrophages [11], is associated with proinflammatory res-
ponse of macrophages[12]. Studies have also shown that 
miR-4454 plays an important role in the occurrence and 
development of various inflammatory diseases and that the 
abnormally high expression of miR-4454 is related to the 
induction and activation of NF-κB [13]. In the early stage 
of this study, the Targetscan online software was used to 
predict that IL-17RD might be the target gene of miR-
4454, and the interaction of IL-17RD regulates the IL-
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17 and NF-Kilb signaling pathways, and the depletion of 
IL-17RD will impair TNFR2-mediated NF-κB signaling 
activation [14]. However, the double-luciferase validation 
gene results showed that miR-4454 could not directly re-
gulate the expression of IL17RD. Therefore, the regulato-
ry mechanism of miR-4454 in cell proliferation, migration 
and apoptosis and its association with the NF-Kilb inflam-
matory pathway need to be further explored. MiR-4454 
may be a diagnostic and prognostic tool for invasive asper-
gillosis in lung transplant recipients [15], and it is highly 
expressed in asthma [16], but the specific mechanism is 
not clear. Therefore, our study aimed to explore the mole-
cular mechanism and clinical significance of miR-4454 in 
regulating CARAS and airway inflammation, in order to 
provide new ideas and targets for the prevention and treat-
ment of CARAS.

2. Materials and methods
2.1. Material 

The ethics committee approved this study of affiliated 
Changzhou Second People’s Hospital of Nanjing Medical 
University (2019KY032-01). All study participants gave 
written informed consent. Fresh bulk blood samples were 
acquired from 43 healthy subjects and 38 patients with 
CARAS in the Department of Respiratory and Critical 
Care Medicine, Changzhou Second People's Hospital affi-
liated with Nanjing Medical University. 

Human bronchial epithelial cells and human bronchial 
epithelial cells complete culture medium were bought 
from Wuhan Punosai (Wuhan, China). Fetal bovine serum 
(FBS) was bought from Gibco (Rockville, MD, USA). 
Penicillin/Streptomycin solution, Apoptosis detection kit 
and Cell cycle detection kit were bought from Meilune 
(Dalian, China); RPMI-1640 Medium, 0.25% Trypsin and 
BCA Protein Determination Kit were purchased from Bos-
ter biological technology (Wuhan, China). IL-8 and IL-6 
ELISA Kit were bought from Fanke Industrial (Shanghai, 
China). RNA extraction kit and TRIzol reagent were pur-
chased from CWbio (Jiangsu, China). A reverse transcrip-
tion kit and real-time quantitative PCR kit were purchased 
from Accurate Biology in China. miRNA-related PCR 
primers were synthesized by Dingguo Biology (Beijing, 
China); Transwell Kit was purchased from Corning (Cor-
ning, NY, USA); MTT and crystal violet staining solution 
were purchased from Shanghai Biological Engineering 
(Shanghai, China); mir-4454 mimic, negative control ana-
logue of mir-4454 mimic (Mimic NC), mir-4454 inhibi-
tor analogue and negative control of mir-4454 inhibitor 
analogue (inhibitor NC) were synthesized by hippo Bio-
logy (Huzhou, China); tumor necrosis factor-α (TNF-α), 
IL-17, granulocyte colony stimulating factor (GCSF) and 
NF-кB antibodies were purchased from Bioss (Woburn, 
MA, USA); IL-17RD antibody was purchased from Affi-
nity Biology (Ancaster, ON, Canada); GAPDH antibody 
was purchased from Proteintech Biology (Rosemont, IL, 
USA).

2.2. Cell culture, House dust mite (HDM) treatment 
and grouping

The bronchial epithelial cells from healthy human 
bronchial tissue were maintained in RPMI-1640 supple-
ment with 10% fetal bovine serum (FBS, Gibco, Carlsbad, 
CA, USA), 100 U/L penicillin, and 100 mg/L streptomy-
cin. Culture conditions were maintained in a 37℃, 5% 

CO2 cell incubator. When the cell growth density reaches 
80%, digest and pass with trypsin.

The experiment was divided into five groups, in-
cluding control group; HDM+mimic NC group; 
HDM+inhibitor NC group; HDM+mir-4454 mimic group 
and HDM+mir-4454 inhibitor group. Except the control 
group, normal bronchial epithelial cells were induced with 
300 ng/mL HDM for 24 h in the other 4 groups.

2.3. ROC curve analysis
The main function of the receiver operating characte-

ristic curve (receiver operating characteristic curve, ROC) 
is that it can be used to compare the ability of two or more 
different diagnostic methods to identify diseases. When 
comparing two or two diagnostic methods for the same 
disease, the ROC curves of each diagnostic method can 
be drawn in the same ROC space (in the same coordinate 
system), so that various diagnostic methods can be intuiti-
vely identified pros and cons. The closer to the upper left 
corner of the ROC curve, the better the performance of the 
diagnostic method represented. The ROC curve combines 
the sensitivity and specificity in a graphical way, which 
can accurately reflect the relationship between the sen-
sitivity and specificity of an analytical method, and is a 
comprehensive method representative of the accuracy of 
a diagnostic method. In this study, ROC curve was used 
to evaluate the mRNA expression level of miR-4454 to 
distinguish CARAS from normal population. The pROC 
package in the R programming language was used for the 
generation and drawing of ROC curve objects. The confu-
sion matrix corresponding to the optimal threshold point 
on the ROC curve would be the basis for calculating me-
trics such as accuracy, specificity, and sensitivity Typical-
ly, we used the Youden index to select the best threshold 
point. The Jordon index, also known as the correctness 
index, was the sum of specificity and sensitivity minus 1: 

Youden index = Sensitivity + Specificity − 1
The value of the Jordon index range was between 0 and 

1, and it was the larger of the Jordon index, the better of 
the performance of the classification model.

2.4. ELISA
After treating bronchial epithelial cells with 300 ng/ 

mL HDM for 24 h, the supernatant was cryopreserved at 
-80℃. After melting the samples on ice, the absorbance 
value was tested at 450 nm according to the instructions of 
ELISA Kit respectively, and the expression level of IL-8 
and IL-6 were calculated.

2.5. Cell transfection
The miR-4454 mimics and NC mimics,miR-4454 inhi-

bitor and inhibitor NC were synthesized by Huzhou hippo 
Biology (Huzhou, China). After HDM treatment, the four 
groups of bronchial epithelial cells were transfected with 
mimic NC and miR-4454 mimics, inhibitor NC and miR-
4454 inhibitor by Lipofectamine 2000 (Invitrogen, Carls-
bad, CA, USA) according to the manufacturer’s instruc-
tions, respectively. After 24-48 h treatment, total RNA and 
total protein were extracted.

2.6. RNA extraction and qRT-PCR
According to the manufacturer’s instrument, the total 

RNA of blood samples from 38 CARAS patients and 
43 healthy subjects was extracted with TRIzol reagent 
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7.4) were used to wash and resuspend the cell pellet. After 
adjusting the concentration to 1×106 cells/mL, 1mL cell 
suspension was taken to centrifuge and remove the super-
natant, followed by adding 500 μL 75% pre-cooled ethanol 
to fix the cells at 4℃ for 1-4 h. Cells were then centrifuged 
to remove the supernatant and washed with D-hanks for 
once or twice. PI staining of cells was performed accor-
ding to the instructions of the cell cycle staining kit, and 
sample analysis with the flow cytometry. This experiment 
was repeated 3 times.

2.10. Western blotting analysis
After treatment with HDM and transfection with miR-

4454 mimics, inhibitor, mimics NC and inhibitor NC 
respectively, the total protein was extracted with pre-coo-
led RIPA lysis method. BCA kit (Thermo ScientificTM) 
was used to determine the concentration.and adjusted to 
an equivalent concentration. SDS-PAGE electrophoresis 
to separate proteins, wet membrane transfer method to 
transfer proteins to PVDF membrane. 5% BSA solution 
was used to block the membrane at room temperature 
for 1 h and immersed the membrane in TBST for wash. 
Primary antibody incubation: GAPDH (Proteintech Bio-
logy, Rosemont, IL, USA), IL-17RD (Affinity Biology, 
Ancaster, ON, Canada), TNF-a, NF-κB, GCSF and IL-
17 (Bioss, Woburn, MA, USA) (1:5000), which were in 
1:5000 and incubated overnight at 4℃. The horseradish 
peroxidase-conjugated secondary antibodies (1:3000) was 
added. The electrochemiluminescence of positive bands 
was visualized using the enhanced chemiluminescence 
(ECL) reagent on a ChemiDoc MP imaging system (Bio-
Rad, Hercules, CA, USA). Image-Pro Plus software quan-
tified the intensity of the bands and calculated the relative 
expression of each protein by using the gray value of the 
target protein band/the gray value of the GAPDH protein 
band as an internal control. This experiment was repeated 
3 times.  

2.11. Statistical analysis
Statistical analysis was performed using Statistic Pac-

kage for Social Science (SPSS) 13.0 (SPSS, Inc., Chicago, 
IL, USA). All data were expressed as the mean ± standard 
deviation or percentage. Comparison of inter-groups was 
performed with Student’s unpaired t-test, and one-way 
analysis of variance was used for multiple-group compa-
rison. Pearson’s correlation analysis was used to evaluate 
the relationship between each group, and P<0.05 indicated 
the statistically significant differences.

3. Results
3.1. Expression and Diagnostic Value of miR-4454 in 
allergic rhinitis and CARAS patients.

In this study, the miRNA-4454 was evaluated in blood 
samples from 38 CARAS patients and 43 healthy subjects. 
The level of miR-4454 in CARAS samples was expres-
sively higher than those in healthy patients (P<0.05) in 
Figure 1.

Next, we studied if miR-4454 expression in serum 
could be used as a disease diagnosis biomarker of CA-
RAS. To do this, the ROC curve analysis was performed 
to evaluate the possibility of miR-4454 as a biomarker for 
disease diagnosis. The ROC curve reveals the relationship 
between sensitivity and specificity. The results showed 
that when the cut-off value was 1.064, the sensitivity, spe-

(hippo Biology, Huzhou, China). 1 ug RNA was used 
for cDNA synthesis by the miRNA reverse transcrip-
tion kit (Accurate Biology, Changsha, China). Then, 
qRT-PCR was performed with miRNA real-time quan-
titative PCR Kit (Accurate Biology, Changsha, China). 
GAPDH and U6 as internal reference genes. miR-4454 
primers were 5’- GGATCCGAGTCACGGAT -3’ and 5’- 
CAGTGCGTGTCGTGGAGT -3’. U6 primers were 5’- 
GCTCGCTTCGGCAGCACA -3’ and 5’- GAACGCTT-
CACGAATTTGCGTG -3’. Primers for GAPDH were 
5’- AGAAGGCTGGGGCTCATTTG -3’ and 5’- AGGG-
GCCATCCACAGTCTTC -3’. The data analysis was per-
formed by quantifying the Ct values of gene expression 
level and analyzed by a 2-ΔΔCt method.

2.7. MTT
After HDM treatment, 2,000 bronchial epithelial cells 

per well were seeded in 96-well plates and grown over-
night to allow attachment. The four groups of bronchial 
epithelial cells were transfected with mimic NC, miR-4454 
inhibitor NC, miR-4454 mimics, and miR-4454 inhibitor 
by Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) 
according to the manufacturer’s instructions, respectively. 
After incubation for 24 h to 96 h, the medium was replaced 
with 180 µL complete medium containing 20 μL MTT (5 
mg/mL) solution, 100 µL dimethyl sulfoxide (DMSO) was 
used to replace the culture supernatant, incubated for 4 h, 
mixed for 30 min,and measure the absorbance at a wave-
length of 490/570 nm.

2.8. Cell migration
For scratch wound assay, the bronchial epithelial cells 

were seeded in the 12-well plate at the rate of 1.5×105 per 
well, and the experiment was conducted after the cells 
reached 90% confluence. After using 10 uL pipette tip to 
evenly scratch the bottom of each hole, the wells were 
washed 2-3 times with PBS, then 0.5% serum medium was 
added to the plate and the scratch spacing was recorded at 
0 h. Image J software was used to analyze the images, the 
formula for calculating the mobility is as follows: Cell mi-
gration rate (%)=(0 h edge distance-last edge distance)/0 h 
edge distance×100%.

2.9. Flow cytometry assay
After transfection with miR-4454 mimics, inhibitor, NC 

mimics and NC inhibitor, apoptosis detection in bronchial 
epithelial cells was performed by an Annexin V-APC Kit 
(Meilune, Dalian, China) and detection by FACS FACS 
flow cytometer (BD Biosciences, Franklin Lakes, NJ, 
USA). Cells digested were collected and washed with pre-
cooled PBS. Centrifuged, the supernatant was discarded 
followed by adding 300 μL binding buffer to suspend the 
cells. Transferring the cells into flow detection tubes, 5 μL 
Annexin V-FITC and 5 μL PI were sequentially added to 
each tube according to the protocol, the cells were mixed 
and incubated at dark room temperature for 15 min. Num-
ber of Annexin V-FITC-positive apoptotic cells were 
detected by the flow cytometry. Results of the apoptotic 
percentage of total cells were analyzed by FlowJo 7.6.1. 
This experiment was repeated 3 times.

For analysis of cell cycle, the transfected bronchial epi-
thelial cells of each group were digested by trypsin with 
EDTA, and then centrifuged to discard the supernatant. 
After collecting the cells, pre-cooled D-Hanks (pH=7.2-
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cificity and area under the curve (AUC) of miR-4454 as a 
biomarker for CARAS were 65.8%, 93.1% and 0.896. As 
shown in Figure 2.

3.2. HDM-induced asthma disease model 
To construct the in vitro-induced asthma disease model, 

we treated bronchial epithelial cells with 300 ng/mL HDM 
for 24 h, and the expressions of IL-6 and IL-8 were detec-
ted by ELISA. On the ELISA detector, at 450 nm (410 nm 
if ABTS is used for color development), measure the OD 
value of each well after zeroing the blank control well. If 
it is greater than 2.1 times the OD value of the specified 
negative control, it is positive. The results revealed that 
the expressions of IL-6 and IL-8 were significantly up-re-
gulated after HDM treatment, indicating that the bronchial 
epithelial cells were in an inflammatory state and could be 
used as an in vitro disease model for follow-up studies. 
See Figures 3A and 3B.

3.3. Effect of miR-4454 on proliferation of HDM-trea-
ted bronchial epithelial cell

The proliferation of HDM-treated human bronchial 

epithelial cells was observed with MTT assay. The results 
showed that compared with NC mimic group, the proli-
feration of bronchial epithelial cells in miR-4454 mimic 
group was significantly reduced with the trend over time, 
while miR-4454 inhibitor treatment could significantly 
promote the proliferation of human bronchial epithelial 
cells. The statistically significant difference suggested that 
miR-4454 could inhibit the proliferation of human bron-
chial epithelial cells, as shown in Figure 4.

3.4. Effect of miR-4454 on migration of bronchial epi-
thelial cells

The effect of miR-4454 on migratory potential of 
HDM-induced asthmatic bronchial epithelial cells was 
evaluated by cell scratch wound test and transwell assay. 
Cell scratch wound test showed that the migration ability 
of miR-4454 treated bronchial epithelial cells significantly 
decreased after 24 h and 48 h compared with mimic NC 
control group, while the migration rate of miR-4454 inhi-
bitor group was increased, as shown in Figure 5A and 5B. 
And transwell migration experiment showed that after 24 

Fig. 1. The miRNA expression of 4454 in blood samples from 38 
CARAS patients and 43 healthy subjects. normal: healthy subjects; 
CARAS: CARAS patients. *P<0.05; **P<0.01; ***P<0.001.

Fig. 2. Diagnostic Value of miR-4454 expression in CARAS patients 
serum.

Fig. 3. The expression of IL-6 and IL-8 in HDM-treated and control 
groups. Control: bronchial epithelial cells; HDM: bronchial epithe-
lial cells treated with 300 ng/mL HDM for 24 h. (3A) IL-8; (3B) IL-
6.*P<0.05; **P<0.01; ***P<0.001.

Fig. 4. The value of OD490 at different miRNA treatment groups 
in bronchial epithelial cells for different time points (24 h-96 h). 
HDM+mimic NC: bronchial epithelial cells treated with 300 ng/
mL HDM for 24 h then transfected with mimic normal control; 
HDM+miR-4454 mimic: bronchial epithelial cells treated with 
300 ng/mL HDM for 24 h then transfected with miR-4454 mimic; 
HDM+inhibitor NC: bronchial epithelial cells treated with 300 ng/
mL HDM for 24 h then transfected with inhibitor normal control; 
HDM+miR-4454 inhibitor: bronchial epithelial cells treated with 
300 ng/mL HDM for 24 h then transfected with miR-4454 inhibitor; 
*P<0.05; **P<0.01; ***P<0.001.
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h culture, the average number of cells migrated in miR-
4454 mimic group was significantly reduced compared 
with NC mimic control group, as shown in Figure 5C. All 
of the results showed that miR-4454 mimic can signifi-
cantly inhibit the migration of HDM-induced asthmatic 
bronchial epithelial cells.

3.5. Effect of miR-4454 on bronchial epithelial cell cycle 
arrest and apoptosis

In order to study the effect of miR-4454 on bronchial 
epithelial cell cycle arrest and apoptosis, HDM-induced 
asthmatic bronchial epithelial cells were treated with miR-
4454 for 24 h. And the Flow cytometry results showed 
that there was no significant change in cell cycle distribu-
tion after miR-4454 treated bronchial epithelial cells 24 
h. These results indicated that miR-4454 could not block 
the cell cycle of HDM-treated bronchial epithelial cells, 
as shown in Figure 6. But, the Flow cytometry analysis 
showed that compared with NC mimic group, miR-4454 
mimic could promote the early apoptosis of HDM-treated 
bronchial epithelial cells, while miR-4454 inhibitor could 
inhibit the apoptosis, as shown in Figure 7.

3.6. Effects of miR-4454 on the expression of inflamma-
tory factors

To explore the effect of miR-4454 on the expression 
of inflammatory factors, western blot assay was used to 
evaluate the expression of IL-17, IL-17RD, TNF-a, GCSF 
and NF-κB. And the results showed that miR-4454 mimic 
could promote the expression of all of the inflammatory 
factors above in the HDM-treated bronchial epithelial 
cells, while miR-4454 inhibitor can reverse this phenome-
non. It indicated that overexpression of miR-4454 may ac-
tivate the NF-кB inflammatory pathway and promote the 
expression of related genes by activating the IL-17/NF-кB 
inflammatory axis, as shown in Figure 8.

4. Discussion
CARAS is a new medical concept proposed in recent 

years [17], and two symptoms of allergic rhinitis and 
asthma are similar in pathogenesis, genetic changes, local 
pathological changes, immune function and pathogenesis 
[3, 18]. 40% of allergic rhinitis cases are concomitant with 

asthma while up to 80% of asthma patients are affected by 
allergic rhinitis [19-21]. The incidence of CARAS is in-
creasing worldwide year by year and CARAS has become 
a global health problem [22], especially very common in 
clinical practice in China [23]. Suffering from CARAS 
with serious symptoms, patients tend to have recurrent 
episodes [24], yet there is still a lack of effective treatment 
[20], and the pathogenesis is also not fully understood.

MiRNAs participate in biological processes such as 
cell generation, proliferation, differentiation and apopto-
sis, then become involved in the process of diseases [5, 
25]. Overexpression of miR-4454 in drug-resistant tumors 
is a key precursor of the post-transcriptional repression 
of GNL3L in the progression of human chemotherapy-

Fig. 5. The migration rate and migrated cell quantity of bronchial 
epithelial cell at different miRNA treatment groups. HDM+mimic 
NC: bronchial epithelial cells treated with 300 ng/mL HDM for 24 h 
then transfected with mimic normal control; HDM+miR-4454 mimic: 
bronchial epithelial cells treated with 300 ng/mL HDM for 24 h then 
transfected with miR-4454 mimic; HDM+inhibitor NC: bronchial 
epithelial cells treated with 300 ng/mL HDM for 24 h then transfected 
with inhibitor normal control; HDM+miR-4454 inhibitor: bronchial 
epithelial cells treated with 300 ng/mL HDM for 24 h then transfected 
with miR-4454 inhibitor; (5A) scratch wound assay for 24 h; (5B) 
scratch wound assay for 48 h; (5C) Transwell assay for 24 h. *P<0.05; 
**P<0.01; ***P<0.001.

Fig. 7. The apoptosis ratio of bronchial epithelial cells in different 
miRNA treatment group. HDM+mimic NC: bronchial epithelial cells 
treated with 300 ng/mL HDM for 24 h then transfected with mimic 
normal control; HDM+miR-4454 mimic: bronchial epithelial cells 
treated with 300 ng/mL HDM for 24 h then transfected with miR-
4454 mimic; HDM+inhibitor NC: bronchial epithelial cells treated 
with 300 ng/mL HDM for 24 h then transfected with inhibitor normal 
control; HDM+miR-4454 inhibitor: bronchial epithelial cells treated 
with 300 ng/mL HDM for 24 h then transfected with miR-4454 inhi-
bitor.

Fig. 6. The cell cycle distribution of bronchial epithelial cells in dif-
ferent miRNA treatment groups. HDM+mimic NC: bronchial epithe-
lial cells treated with 300 ng/mL HDM for 24 h then transfected with 
mimic normal control; HDM+miR-4454 mimic: bronchial epithelial 
cells treated with 300 ng/mL HDM for 24 h then transfected with 
miR-4454 mimic; HDM+inhibitor NC: bronchial epithelial cells trea-
ted with 300 ng/mL HDM for 24 h then transfected with inhibitor 
normal control; HDM+miR-4454 inhibitor: bronchial epithelial cells 
treated with 300 ng/mL HDM for 24 h then transfected with miR-
4454 inhibitor.



230

miR-4454 in CARAS.                                                                                                                                                                          Cell. Mol. Biol. 2024, 70(3): 225-232

resistant colorectal cancer, and miR-4454 as a microR-
NA-based therapeutic to silence GNL3L may significantly 
reduce the dependence on GNL3L/ Cancer cell survival by 
NF-κB signaling, making miR-4454 a drug candidate for 
the treatment of metastatic human colorectal cancer [26]. 
The regulatory role of microRNA in CARAS has attrac-
ted more and more attention [27-29], and several miRNAs 
have been shown important influence on various biolo-
gical mechanisms which lead to asthma pathology and 
symptoms [30-33]. It has been reported that miR-4454 is 
highly expressed in allergic asthma [16, 34]. QRT-PCR 
results in this study showed that miR-4454 expression was 
significantly higher in patients with allergic rhinitis and 
asthma than in healthy subjects, which was consistent with 
previous studies. It suggests that miR-4454 may be asso-
ciated with CARAS disease, but its specific mechanism 
still remains more puzzling.

It has been reported that bronchial epithelial cells play 
an important role in asthma [35], and the proliferation of 
bronchial epithelial cells in patients with asthma is usually 
inhibited with the occurrence of apoptosis [35, 36]. There-
fore, in this study HDM treated bronchial epithelial cells 
were used to explore the role of miR-4454 in the pathoge-
nesis of CARAS. The results showed that miR-4454 inhi-
bited the proliferation and migration of bronchial epithe-
lial cells, promoted early apoptosis, and had no obvious 
blocking effect on the cell cycle. Besides, miR-4454 inhi-
bitors can reverse these effects.

NF-кB pathway plays a key role in the regulation of 
inflammation in various cell types [37, 38]. It has been 
suggested that the abnormal expression of miR-4454 is 
related to the activation of NF-кB, which can promote the 
development of various inflammatory diseases such as ar-
thritis [39]. Other studies have demonstrated that CARAS 

airway inflammation is closely related to NF-кB pathway 
[40, 41]. Qu et al found that IL-17 can induce activation 
of NF-kB pathway [42, 43]. Based on previous studies, we 
speculated that miR-4454 may affect CARAS by increa-
sing the expression of IL-17RD to promote the function of 
the IL-17/NF-кB inflammatory axis. Western blot results 
showed that miR-4454 mimic could increase the expres-
sion of IL-17, IL-17RD, TNF-α, GCSF and NF-кB in 
HDM-treated bronchial epithelial cells, while miR-4454 
inhibitor could inhibit these expression. It is suggested that 
abnormally high expression of miR-4454 may stimulate 
the function of IL-17/NF-кB inflammatory axis by activa-
ting the NF-кB inflammatory pathway and further enhance 
the expression of inflammation-related genes, thereby exa-
cerbating airway inflammation of CARAS.

At present, it has been proved that miRNA plays an 
important role in the diagnosis and treatment of asthma 
[44-47]. ROC analysis showed that in peripheral blood 
miR-4454 may be a new diagnostic marker for predicting 
sensitivity of treatment for CARAS. These results suggest 
that miR-4454 may play a predictive role in CARAS with 
different characteristics.

5. Conclusions
In summary, we found that miR-4454 was abnormally 

high expressed in patients with asthma and rhinitis, and 
may serve as a new diagnostic marker to predict different 
types of allergic rhinitis and determine the sensitivity of 
treatment for CARAS. MiR-4454 affected the function 
of bronchial epithelial cells and may aggravate airway 
inflammation of CARAS by activating the IL-17/NF-кB 
inflammatory axis. The results of this study can provide a 
new research perspective for the prevention and treatment 
of CARAS, but the specific molecular mechanism needs to 
be further explored. However, the limitation of this study 
is that the target gene of miR-4454 and the specific mecha-
nism of regulating cell phenotype could not be identified.
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