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Abstract. The aim of the present study was to investigate 
the expression of microRNA (miR)-663 and its regulatory 
effects on the pathogenesis of nasal polyposis in children. 
Nasal polyp tissue, as well as serum and peripheral blood 
eosinophils were collected from 35 children diagnosed with 
nasal polypectomy between August 2013 and August 2015. 
As a control, the inferior nasal concha, serum and peripheral 
blood eosinophils were collected from 46 patients with nasal 
septal deviation complicated by inferior turbinate hypertrophy 
or patients with simple inferior turbinate hypertrophy who 
had undergone surgical removal of the inferior nasal concha. 
Reverse transcription-quantitative polymerase chain reaction 
(RT-qPCR) was used to measure the expression of miR-663 
and transforming growth factor-β1 (TGF-β1) in the nasal 
polyp tissue, serum and peripheral blood eosinophils of 
patients with nasal polyposis and controls. Western blotting 
was used to measure the expression of TGF-β1 protein in nasal 
tissue and eosinophils and an enzyme-linked immunosorbent 
assay was used to measure serum level of TGF-β1 protein. A 
dual luciferase reporter assay was used to determine whether 
TGF-β1 was a target gene of miR-663. Compared with the 
control group, levels of TGF-β1 mRNA and protein were 
significantly increased in all three types of specimens from 
pediatric patients with nasal polyposis (P<0.05). miR-663 
expression was significantly decreased in nasal polyp tissue 
and peripheral blood eosinophils (P<0.05). The dual luciferase 
reporter assay confirmed that TGF‑β1 was a target gene of 
miR-663. The current study suggests that the upregulation 
of TGF-β1 may be associated with the downregulation of 
miR-663 in nasal polyposis in children. miR-663 may have 
regulatory effects on the pathogenesis of nasal polyposis by 

regulating TGF-β1 and may be developed as a genetic marker 
of nasal polyposis in children.

Introduction

Nasal polyps are chronic inflammatory lesions located in the 
nasal cavity or sinus mucosa. Previous studies have classified 
nasal polyposis as a subtype or progressive stage of chronic 
sinusitis (1-3). Epidemiological surveys demonstrated that 
2-4% of the global population was affected by nasal polyposis 
in 2003 (4-6). Nasal polyposis poses a threat to the health and 
quality of life of patients, particularly in pediatric patients (7,8). 
Nasal polyposis in pediatric patients may induce constriction 
of the nasal cavity and nasal meatus, which may cause difficul-
ties in postoperative cleanup and increase the susceptibility of 
patients to respiratory infections (9). 

Among the three isoforms of transforming growth factor 
β (TGF-β), TGF-β1 is the isoform predominantly expressed 
in nasal polyposis (10). TGF-β1 primarily originates from 
inflammatory cells, including eosinophils, macrophages and 
epithelial cells (11). TGF-β1 serves a key role in cell biological 
behaviors, including extracellular matrix formation and 
fibrosis, epithelial cell metaplasia, vascularization, immune 
hypersensitivity, embryonic development, cell senescence 
and apoptosis (12). Among these functions, promoting the 
formation of the extracellular matrix is the most prominent 
feature of TGF-β1 (13,14). TGF-β1 is one of the important 
signaling molecules secreted by inflammatory cells during 
inflammation (15,16). However, the role of TGF-β1 in the 
inflammation and regulatory mechanisms of pathogenesis 
in nasal polyposis in children remains unknown. It has been 
reported that microRNA-663 (miR-663) is an upstream 
regulator of TGF-β1 and inhibits the development of papil-
lary thyroid carcinoma and liver cancer through regulating 
TGF-β1 (17,18). However, whether miR-663 regulates TGF-β1 
in nasal polyposis of children is unknown.

The aim of the present study was to measure the expression 
of TGF-β1 mRNA and protein in nasal polyp tissue, serum 
and peripheral blood eosinophils using reverse transcrip-
tion-quantitative polymerase chain reaction, western blotting, 
bioinformatics prediction analysis and ELISA in pediatric 
patients with nasal polyposis. Additionally, the association 
between the expression of TGF-β1 and miR‑663 was verified 
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in order to evaluate their roles in the pathogenesis of nasal 
polyposis in children. 

Patients and methods

Participant recruitment and selection criteria. Nasal polyp 
tissue, serum and peripheral blood eosinophils were collected 
from 35 pediatric patients with nasal polyposis who had under-
gone nasal polypectomy in the Department of Otolaryngology 
in the Women and Children's Hospital of Qingdao (Qingdao, 
China) between August 2013 and August 2015. These patients 
were part of the patient group and there were 16 males and 
19 females with a median age of 11 years (age range, 7-14 years). 
The inclusion criteria and exclusion criteria for patients were as 
previously described (19). The diagnosis of nasal polyposis in 
all patients was confirmed by pathologists. The inferior nasal 
concha, serum and peripheral blood eosinophils were collected 
from 46 patients with nasal septal deviation complicated by 
inferior turbinate hypertrophy or patients with simple inferior 
turbinate hypertrophy undergoing surgical removal of inferior 
nasal concha. These patients were part of the control group 
and there were 18 males and 28 females with a median age 
of 10 years (age range, 6-14 years). Patients in the two groups 
were excluded if they were diagnosed with infection, diabetes, 
cancer, or autoimmune disease, or exhibited complications 
involving the heart, liver and kidney. Prior written informed 
consent was obtained from the patients' families and the 
present study was approved by the Ethics Review Board of the 
Women and Children's Hospital of Qingdao (Qingdao, China).

Reagents and antibodies. The miRcute miRNA Isolation kit, 
miRcute miRNA cDNA first strand synthesis kit, miRcute 
miRNA quantitative fluorescence detection kit (FP401), 
SuperReal PreMix (SYBR Green; FP204) and TIANScript II 
cDNA first strand synthesis kit (KR107) were all purchased 
from Tiangen Biotech Co., Ltd. (Beijing, China). The 
rabbit anti-human TGF-β1 antibody (ab92486) and rabbit 
anti-human β-actin antibody (ab6276) were purchased from 
Abcam (Cambridge, MA, USA). TRIzol reagent (10606ES60; 
Shanghai YISHENG Biology Technology Co., Ltd., Shanghai, 
China), goat anti-rabbit secondary antibody (ab6721; Abcam), 
BCA Protein assay kit (RTP7102, Beijing Zhongke Ruitai, 
Beijing, China) and serum RNA extraction kit miRNeasy 
Serum/Plasma kit (JL217184; Guangzhou Jianlun Biological 
Technology Co., Ltd., Guangzhou, China) were also used in 
the current study. A TGF-β1 ELISA kit (ab100674; Abcam), 
enhanced chemiluminence (ECL) solution (FDO0142; 
Nanjing Aoduofuni Biotechnology Co., Ltd., Nanjing, China), 
miR-663 mimics (Guangzhou Ruibo Biological Technology 
Co., Ltd., Guangzhou, China) were purchased. Anti-cluster of 
differentiation (CD)16 immunomagnetic beads (YB-22355) 
were purchased from Yubo Biological Technology Co., 
Ltd., (Shanghai, China). Ficoll-Hypaque separation medium 
(Cedarlane Laboratories, Burlington, Canada) including 
Solution A (12%, density: 1.090), Solution B (9.0%, density: 
1.076) and Solution C (6.4%, density: 1.065) was also used in 
the current study. 

Specimen collection. Nasal polyp tissues were collected 
during surgery and frozen in liquid nitrogen. Peripheral blood 

was collected from all patients and stored at ‑20˚C and the 
serum was isolated by centrifugation at 400 x g for 10 min 
at 4˚C. Peripheral blood eosinophils were isolated using 
Magnetic activated cell sorting (MACS). Peripheral blood 
(100 µl) was collected and EDTA anticoagulant (0.1 mol/l, 
pH 7.7) and a specific dye for eosinophils (0.9 ml) were added. 
Eosinophils were then counted using an ECLIPSE TS100 
(Nikon Corporation, Tokyo, Japan) at a magnification of x100. 
The remaining blood was diluted with 6% dextran (1:5) and 
placed in a water bath at 37˚C for 40 min. The supernatant 
was centrifuged at 600 x g at room temperature for 10 min 
and the leukocyte specimen was collected. Subsequently, the 
leukocyte specimen was mixed with solutions A, B and C of 
the Ficoll-Hypaque separation medium and centrifuged at 
800 x g for 20 min at room temperature. Cell suspensions were 
divided into four layers and the eosinophil layer was aspirated 
and washed twice with PBS (0.01 mol/l). The total number 
of cells including eosinophils was counted using an ECLIPSE 
TS100 (Nikon Corporation). Four fields under x100 magnifi-
cation were randomly selected for cell counting. Anti-CD16 
MicroBeads (20 µl, pre‑cooled at 4˚C) were added to 1x107 
total cells, mixed well and incubated at 6‑12˚C for 15 min. 
The cell mixture was applied twice to the MACS column 
(Miltenyibiotec, Bergisch Gladbach, Germany). The magneti-
cally anti-CD16 labeled cells (neutrophils) were arrested in the 
separation column while unlabeled cells (eosinophils) passed 
through the column. Isolated eosinophils were collected and 
washed with PBS (0.01 mol/l). Cells were incubated in an 
atmosphere containing 5% CO2 at 37˚C. The eosinophils were 
counted at every step and stained with Trypan blue at room 
temperature for 3 min to evaluate cell activity. 

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Frozen tissues (pulverized in liquid nitrogen) 
were lysed thoroughly using 1 ml TRIzol reagent and total 
RNA was extracted using the phenol chloroform method (20). 
Total RNA was extracted using the serum RNA extraction 
kit miRNeasy Serum/Plasma kit. Gel electrophoresis and 
spectrophotometry were conducted to measure the optical 
density (OD) 260/280 ratio and measure the concentration and 
quality of RNA. Total RNA (1 µg) was reverse transcribed into 
cDNA using the TIANScript II cDNA first strand synthesis 
kit according to the manufacturer's protocols. The SuperReal 
PreMix (SYBR Green) was used during qPCR with the 
following primers: TGF-β1, forward, 5'-GGA CAC CAA CTA 
TTG CTT CAG-3' 160 base pairs (bp) and reverse, 5'-TCC 
AGA CTC CAA ATG TAG-3'; β-actin, forward, 5'-TTC CAG 
CCT TCC TTC CTG G-3' 224 bp and reverse, 5'-TTG CGC TCA 
GGA GGA GGA AT-3'. The reaction conditions of qPCR were 
as follows: Pre‑denaturation at 95˚C for 2 min, 30 cycles of 
denaturation at 94˚C for 45 sec, annealing at 55˚C for 55 sec, 
extension at 72˚C for 1 min and a final cycle at 72˚C for 10 min. 
Relative quantification of TGF‑β1 was calculated as the ratio 
of TGF-β1/β-actin using the 2-ΔΔCq method (21). 

The miRcute miRNA Isolation kit was used to isolate 
miR‑663 from cells. An miRcute miRNA cDNA first strand 
synthesis kit was used to obtain cDNA. To detect miR-663, 
the miRcute miRNA quantitative fluorescence detection 
kit was used and U6 was the internal control. The primers 
used were as follows: U6, forward, 5'-CTC GCT TCG GCA 
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GCA CA-3' and reverse, 5'-AAC GCT TCA CGA ATT TGC 
GT-3'; miR-663, forward, 5'-TGC GGA GGC GGG GCG CCG 
CGG G-3' and reverse, 5'-CCA GTG CAG GGT CCG AGG T-3'. 
The reaction conditions were as follows: Pre-denaturation at 
95˚C for 3 min, 40 cycles of denaturation at 94˚C for 30 sec, 
annealing at 56˚C for 30 sec and extension at 72˚C for 20 sec. 
The ratio of miR-663/U6 was calculated using the 2-ΔΔCq 
method (21). 

Western blotting. The total proteins were extracted using a 
protein extraction kit (310003; BestBio Company, Shanghai, 
China) following the manufacturers' instructions. The concen-
tration of protein was measured using the BCA protein assay 
kit. Protein samples (30 µg/lane) were analyzed using 10% 
SDS-polyacrylamide gel electrophoresis and transferred to a 
PVDF membrane. The membrane was then blocked with 5% 
non-fat milk for 1 h at room temperature. Primary antibodies 
against TGF-β1 (1:500) and β-actin (1:5,000) were added 
and incubated at 4˚C overnight. Goat anti‑rabbit secondary 
antibody (1:3,000; cat no. ab6721; Abcam) were added and 
incubated at room temperature for 1 h. The PVDF membrane 
was placed in the ECL detection system and imaged using 
Image Lab Software version 3.0 (Bio-Rad Laboratories, Inc., 
Hercules, CA, USA) to acquire and analyze imaging signals 
of protein bands. The relative density of target protein was 
defined as the ratio of gray values between the target protein 
and β-actin. 

ELISA. The TGF-β1 ELISA kit was used to perform ELISA. 
ELISA plates were classified into standard, serum and blank 
wells. Standard samples (50 µl) and serum (10 and 40 µl sample 
diluent) were added to the wells, whereas no solution was added 
to blank wells. Subsequently, horseradish peroxidase-labeled 
goat anti-rabbit secondary antibody (cat no. ab6721; Abcam; 
100 µl) was added to each well and incubated at 37˚C for 1 h. 
The plates were then washed 5 times and substrates A (50 µl) 
and B (50 µl), respectively, were added. Following incubation 
for 15 min at 37˚C, stop solution (50 µl) was added. The absor-
bance value at OD 450 nm was measured within 15 min on 
the Multiskan FC microplate reader (Thermo Scientific Inc., 
Waltham, MA, USA). 

Bioinformatics predictions of upstream‑regulatory miR 
for TGF‑β1. Bioinformatics prediction is one of the major 
approaches for functional studies of miR. To further 
determine the regulatory mechanism of upstream miRs 
in the pathogenesis of nasal polyposis, target gene predic-
tion software, including miRanda (http://www.microma.
org/rnicroma/home.do), TargetScan 2.0 (www.targetscan.org) 
and PicTar (http://pictar.mdc-berlin.de/) were used to identify 
the potential genes that have regulatory effects on TGF-β1. 
The procedures were performed according to the instructions 
on each website. 

Dual‑luciferase reporter assay. The wild-type and mutant 
type 3'-untranslated region (UTR) in TGF-β1 were chemically 
synthesized in vitro. The wild-type and mutant type 3'-UTR 
were added to the restriction enzyme cleavage sites of SpeI 
and HindIII and cloned into a pMIR-REPORT luciferase 
reporter plasmid (cat no. AM5795; Ambion; Thermo Fisher 

Scientific, Inc.). 293T cells (Cobioer Biosciences Co., Ltd., 
Nanjing, China) were co-transfected with plasmid with wild 
type 3'-UTR (0.8 µg) and miR-663 mimics (100 nM), or 
co-transfected with mutant type 3'-UTR (0.8 µg) and miR-663 
mimics (100 nM) (synthesized by Sangon Biotech Co., Ltd., 
Shanghai, China). 293T cells transfected with empty plasmid 
were considered to be negative controls. Cells were incubated 
at 37˚C for 24 h and then lysed. Fluorescence was measured 
using a GloMax® 20/20 luminometer according to the instruc-
tions of the dual luciferase reporter system kit (Promega 
Corporation, Madison, WI, USA). Renilla fluorescent activity 
was considered as an internal reference. 

Statistical analysis. All data were analyzed using SPSS 18.0 
software (SPSS, Inc., Chicago, IL, USA). Measurement data 
were expressed as mean ± standard deviation. Normality tests 
were conducted for all data and a T test was used for compar-
ison between two independent groups. One-way analysis of 
variance (ANOVA) was used to compare data of more than 
two independent groups. For data with homogeneity of vari-
ance, least significant difference and Student‑Newman‑Keuls 
methods were used following ANOVA; otherwise, Tamhane's 
T2 or Dunnett's T3 method was used. P<0.05 was considered 
to indicate a statistically significant difference.

Results

mRNA expression of TGF‑β1 in dif ferent specimens. 
RT-qPCR was performed to detect the expression of TGF-β1 
mRNA in different specimens. The results demonstrated 
that, compared with controls, the expression of TGF-β1 
mRNA was significantly upregulated in nasal polyp tissue 
(P<0.01; Fig. 1A), serum (P<0.05; Fig. 1B) and peripheral 
blood eosinophils (P<0.01; Fig. 1C) of pediatric patients with 
nasal polyposis. These results indicate that TGF-β1 may serve 
an important role in the pathogenesis of nasal polyposis in 
children. 

Expression of TGF‑β1 protein in nasal polyp tissue and 
eosinophils. Western blotting was performed to detect the 
expression of TGF-β1 protein in nasal polyp tissue and 
peripheral blood eosinophils. The results demonstrated that, 
compared with controls, expression of TGF-β1 was significantly 
upregulated in the nasal polyp tissue (Fig. 2A) and peripheral 
blood eosinophils (P<0.01; Fig. 2B) of pediatric patients with 
nasal polyposis. To confirm these results, TGF‑β1 levels in 
serum were measured using ELISA. Compared with controls, 
levels of TGF-β1 protein were significantly upregulated in 
the serum of pediatric patients with nasal polyposis (P<0.05; 
Fig. 2C). These results suggest that changes in the expression 
of TGF-β1 protein are positively associated with changes in 
the expression of TGF-β1 mRNA. Thus, upregulated TGF-β1 
levels may have regulatory effects on the pathogenesis of nasal 
polyposis in children. 

Expression of miR‑663 expression in different specimens. To 
detect the level of miR-663 in nasal polyp tissue, serum and 
peripheral blood eosinophils of pediatric patients with nasal 
polyposis, RT-qPCR was performed. As presented in Fig. 3, 
the expression of miR-663 was significantly decreased in 
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the nasal polyp tissue (P<0.05; Fig. 3A) and peripheral blood 
eosinophils (P<0.01; Fig. 3C) of pediatric patients with nasal 
polyposis compared with controls. However, there was no 
significant difference in miR‑663 expression in the serum of 
patients with nasal polyposis compared with controls (P>0.05; 
Fig. 3B). These results suggest that miR-663 may serve a role 
in the pathogenesis of nasal polyposis. 

Dual‑luciferase reporter assay. To identify whether TGF-β1 
is a target of miR-663, a bioinformatics prediction was 
conducted. It was determined that miR-663 is one of the regu-
latory genes for TGF-β1 and the binding sequence is presented 
(Fig. 4A). A dual-luciferase reporter assay was conducted to 
verify this result. Following co-transfection with miR-663 
mimics and wild-type 3'UTR, the f luorescence values 

Figure 2. Analysis of TGF-β1 protein expression. The expression of TGF-β1 in (A) nasal polyp tissue and (B) peripheral blood eosinophils was measured by 
western blotting. The protein expression of TGF-β1 in (C) serum was measured using ELISA. Data are presented as the mean + standard deviation. *P<0.05 
and **P<0.01 vs. Control. TGF-β1, transforming growth factor-β1; NP, patients with nasal polyposis.

Figure 3. Analysis of miR-663 expression. miR-663 expression in (A) nasal polyp tissue, (B) serum and (C) peripheral blood eosinophils was detected using 
reverse transcription-quantitative polymerase chain reaction. All data are presented as the mean + standard deviation. *P<0.05 and **P<0.01 vs. Control. NP, 
patients with nasal polyposis; miR-663, microRNA-663.

Figure 1. Analysis of TGF-β1 mRNA expression. The expression of TGF-β1 mRNA in (A) nasal polyp tissue, (B) serum and (C) peripheral blood eosinophils 
was measured using reverse transcription-quantitative polymerase chain reaction. All data are presented as the mean + standard deviation. *P<0.05 and 
**P<0.01 vs. Control. NP, patients with nasal polyposis; TGF-β1, transforming growth factor-β1.
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decreased significantly (P<0.05; Fig. 4B). By contrast, there 
was no significant difference in the fluorescence value of the 
mutant group compared with the negative control (Fig. 4B). 
These findings suggest that miR‑663 binds to the 3'‑UTR of 
TGF-β1 to regulate TGF-β1 expression. 

Discussion

In the present study, the expression of TGF-β1 and its 
upstream gene miR-663 were detected in nasal polyp tissue, 
serum and peripheral blood eosinophils of children with nasal 
polyposis. A dual-luciferase reporter assay was performed 
to confirm the binding of miR-663 and TGF-β1 and to 
evaluate whether miR-663 contributes to the pathogenesis of 
nasal polyposis. 

Nasal polyposis is a type of refractory rhinologic disease 
in children characterized by an unknown pathogenesis, 
persistent activity and difficulty of treatment (22). In the 
past, it was thought that nasal polyposis was caused by an 
allergic reaction (23). However, recent studies suggest that 
the clinical features of nasal polyposis are similar to those 
of eosinophilic non-allergic rhinitis (24,25). The concept of 
eosinophilic non-allergic rhinitis was proposed in 1979 and it 
was suggested that eosinophils may serve a key role in inflam-
mation, similar to their role in chronic sinusitis. However, this 
hypothesis cannot explain the accumulation of eosinophils 
that occurs in nasal polyp tissue. Previous studies have inves-
tigated the mechanism of eosinophil accumulation in nasal 
polyposis (26-28), which emphasizes nasal polyps as the prod-
ucts of inflammatory reactions, regulated by cytokines in the 
local microenvironment. Nasal polyp cells, including epithe-
lial cells and fibroblasts, can secrete cytokines that stimulate 
and prolong the cell cycle of inflammatory cells, particularly 
eosinophils (29). Furthermore, eosinophils themselves are able 
to synthesize and secrete important inflammatory cytokines 
and regulatory factors, which in turn can stimulate inflamma-
tory cell proliferation (30). 

TGF-β1 is produced by eosinophils. Studies have demon-
strated that TGF-β1 promotes the production of interleukin 
(IL)‑6 from human fibroblasts and the growth of fibroblasts 
and osteoblasts by regulating the transcription of IL-6 (31-33). 
TGF-β1 may promote the formation of the extracellular matrix 
and serve an important role in cell morphogenesis, prolifera-
tion and differentiation in muscle tissue (34-36). In vivo studies 
have demonstrated that the upregulation of TGF-β1 in local 

tissue can promote wound healing and the formation of typical 
granulation tissue (37). In the present study, TGF-β1 expres-
sion was upregulated in all specimens taken from pediatric 
patients with nasal polyposis. This upregulation may promote 
the proliferation of fibroblasts and the formation of typical 
granulation tissue; these effects are closely associated with 
the formation of nasal polyposis (38,39). Thus, TGF-β1 may 
promote the pathogenesis of nasal polyposis. 

The regulation mechanism of TGF-β1 expression has not 
been fully elucidated. Studies have suggested that nemo-like 
kinase and Smad protein may be regulate TGF-β1 (40,41). In 
addition, specific miRs can negatively regulate the expression 
of TGF-β1 by cleaving TGF-β1 mRNA and inhibiting its 
translation. This inhibitory effect is important in maintaining 
the balance of the physiological and pathological states of the 
human body (42,43). Recent studies have demonstrated that 
TGF-β1 mRNA regulates miR in nasal polyposis and it was 
determined that miR-1343 may regulate the expression of 
TGF-β1 receptors (44-46). In the current study, bioinformatic 
predictions revealed that miR-663 is an upstream miR, which 
may have regulatory effects on TGF-β1 expression. The results 
also demonstrated that levels of miR-663 decrease following 
the upregulation of TGF-β1 mRNA and protein. Furthermore, 
the results of the dual-luciferase reporter assay determined 
that miR-663 contributes to the targeted regulation of TGF-β1 
by binding to the 3'-UTR of TGF-β1 and ultimately impacts on 
the pathological features of nasal polyposis. However, in the 
current study, serum levels of miR-663 did not change mark-
edly, even though levels of serum TGF-β1 increased. It was 
thus speculated that the elevation of TGF-β1 was primarily 
caused by the abundant release of inflammatory cells rather 
than the downregulation of miR-663. 

In conclusion, the present study demonstrated that miR-663 
serves important biological functions in the regulation of 
TGF-β1 gene expression and the onset and development of 
nasal polyposis. The results of the current study may therefore 
provide experimental evidence for the prevention and treat-
ment of pediatric patients with nasal polyposis in clinical 
practice. 

Acknowledgements

The present study was supported by a grant from the Natural 
Science Foundation of Shandong Province of China (grant 
no. ZR2013HM024). 

Figure 4. The regulating effects of miR-663 on the expression of TGF-β1. (A) Bioinformatics prediction result. (B) Result of dual-luciferase reporter assay. All 
data are presented as the mean + standard deviation. **P<0.01 vs. NC. TGF-β1, transforming growth factor-β1; NP, patients with nasal polyposis; NC, negative 
control; miR-663, microRNA-663; 3'UTR, 3'untranslated region.
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