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Abstract: Objective: This study explored and analyzed the expression of YAP1 in nasal polyps and its correlation with 
the epithelial-mesenchymal transition (EMT). Method: 58 patients with chronic sinusitis and nasal polyps, who were 
hospitalized in the otorhinolaryngology department of our hospital from January 2019 to May 2020 were recruited 
as the study cohort and placed in a nasal-polyp group, and, at the same time, another 30 nasal septum deviation 
with inferior turbinate hypertrophy patients were placed in a control group. The expressions of the YAP1 gene in the 
nasal polyp and turbinate mucosa tissues (using the immunohistochemical method), the YAP1 mRNA, E-cadherin 
mRNA, and vimentin mRNA expressions (using the RT-PCR method), and the YAP1, E-cadherin, and vimentin pro-
tein expressions (using Western blot) were measured, and the correlations between YAP1 and the expressions of 
E-cadherin and vimentin were analyzed. Results: The immunohistochemistry results revealed that the positive rate 
of YAP1 expression in the nasal-polyps group was critically higher than the YAP1 expression in the control group 
(P<0.05). According to the RT-PCR results, the YAP1 mRNA and vimentin mRNA relative expression levels in the 
nasal-polyps group were significantly higher than they were in the control group (P<0.05), but the E-cadherin mRNA 
relative expression level in the nasal-polyp group was notably lower than it was in the control group (P<0.05). Our 
Western blot analysis showed that the protein expressions of YAP1 and vimentin protein in the nasal-polyps group 
were significantly higher than the corresponding protein expressions in the control group (P<0.05), but the E-cad-
herin expression in the nasal-polyp group was especially lower than it was in the control group (P<0.05). In addition, 
in the nasal polyp tissues, the relative expression between the YAP1 mRNA and the E-cadherin mRNA reflected a no-
tably negative correlation (P<0.05), but the YAP1 mRNA and vimentin mRNA showed a positive correlation (P<0.05). 
Conclusion: High expressions of YAP1 and EMT occur in nasal polyp tissues, and YAP1 is likely to be involved in the 
regulation of EMT and might be one of the mechanisms in nasal polyps.
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Introduction

Chronic rhinosinusitis with nasal polyps 
(CRSwNP) is a common chronic inflammatory 
disease seen in clinical otorhinolaryngology 
head and neck surgery with a prevalence of 
1%-4%. CRSwNP has become an increasingly 
serious health problem globally [1]. At present, 
CRSwNP is primarily treated using comprehen-
sive drug treatment, including nasal corticoste-
roids, and with endoscopic sinus surgery. 
However, studies have shown that the recur-
rence rate of the disease can be as high as 

55.3% [2]. Therefore, it is particularly signifi-
cant to explore the pathogenesis of the disease 
and to seek more ideal curative methods to 
improve the cure rate of the disease. Studies 
have found that the epithelial mesenchymal 
transition (EMT) is an important cause of ch- 
ronic inflammatory tissue remodeling in multi-
ple organs, especially interstitial fibrosis, and it 
participates in the pathophysiological process 
of CRSwNP [3, 4]. Yap1 is the most critical core 
transcriptional co-activator in the downstream 
Hippo pathway, and is located on human chro-
mosome 11q22 [5, 6]. Current research of 
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tumor and kidney disease has found evidence 
that YAP1 participates in the regulation of EMT 
[7, 8], but the expression of YAP1 in nasal pol-
yps and its correlation with EMT have not yet 
been reported. This study explored and ana-
lyzed YAP1 gene expression in nasal polyps and 
its correlation with EMT.

Materials and methods

Research subjects

58 patients with chronic sinusitis and nasal 
polyps, who were hospitalized in the otorhino-
laryngology department of our hospital from 
January 2019 to May 2020 were recruited as 
the study cohort and placed in the nasal-polyp 
group, and, at the same time, another 30 nasal 
septum deviation with inferior turbinate hyper-
trophy patients were recruited to serve in the 
control group. This study was approved by the 
hospital’s ethics committee.

Inclusion and exclusion criteria

Inclusion criteria: (1) Patients who agreed to 
undergo a partial resection of the inferior turbi-
nate, (2) Patients whose specimens were veri-
fied postoperatively by two or more patholo-
gists, and (3) Patients who signed the informed 
consent forms voluntarily.

Exclusion criteria: (1) Patients with a history of 
nasal polyps, allergic rhinitis, or asthma, (2) 
Patients with allergies or other systemic 
diseases.

Main test reagents and instruments

Rabbit anti-human YAP1 polyclonal antibody 
(Abcam, UK), Rabbit anti-human E-cadherin 
polyclonal antibody (Abcam, UK), Rabbit anti-
human vimentin polyclonal antibody (Abcam, 
UK), HRP-labeled anti-rabbit antibody (Fuzhou 
Maixin Biotechnology Development Co., Fujian), 
DAB chromogenic kits (Fujian Maixin Bio- 
technology Development Co.,), High-efficiency 
RNA extraction kits (Beijing Youshengte 
Biotechnology Co., Ltd.), cDNA preparation 
reverse transcription kits (Beijing Youshengte 
Biotechnology Co., Ltd.) and immunohisto-
chemical staining (SABC method) kits (Wuhan 
Boster Biological Technology Co., Ltd.).

YAP1 expressions measured using immunohis-
tochemistry

After they were removed, the specimens were 
immediately fixed in a formaldehyde solution 
and embedded in paraffin for preparation. We 
sectioned the paraffin specimens consecutive-
ly with a thickness of 5 μM, and performed  
routine HE staining. We routinely dewaxed the 
sections, rinsed them with distilled water three 
times, performed antigen repair for 10 minutes 
using citric acid, and let them cool naturally.  
We performed immunohistochemical staining 
according the kit’s instruction manual and  
DAB dyeing. We then lightly counterstained the 
sections with hematoxylin, dehydrated them, 
made them transparent, mounted them with a 
neutral gum, and then we observed them under 
a microscope. We adopted PBS as negative 
control instead of the first antibody, and set  
the existing positive sections as the positive 
control group.

Results determination: The staining expres-
sions of YAP1 after the immunohistochemistry 
were primarily located in cytoplasms and 
nuclei, and the positive cells were in yellow/
brown granules. We used the semi-quantitative 
method to judge the results: (1) Scoring the 
strength of the cell staining: 0 points indicated 
non-staining. The light yellow cells were scored 
1 point. The brown cells were scored 2 points, 
and the sepia cells were scored 3 points. (2) We 
randomly chose five high vision (400) to calcu-
late the percentage of the positive staining 
cells to the total number of cells was calculat-
ed: 0 points, <10%, 1 point, 10%-25%, 2 points, 
25%-50%, 3 points, 50%-75%, 4 points, >75%. 
We then multiplied the above two scores as the 
final score: 0-4 points for negative, and 5-12 
points for positive.

Measuring the YAP1 mRNA, E-cadherin 
mRNA, and vimentin mRNA expressions using 
RT-PCR

We took two sets of paraffin specimens, 
extracted their total RNA using kits, and deter-
mined the purity and concentration. We pre-
pared the cDNA according to cDNA preparation 
reverse transcription kit’s instructions. The 
PCR reaction system included: 2× SYBR Green 
Real-Time PCR Master Mix 10 μl, Primer Mix 1 
μl, ddH2O 7 μl, template cDNA 2 μl, and a total 
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volume of 20 μl. The reaction conditions of 
PCR: to complete 40 rounds at 95°C of 10 min, 
95°C of 10 s and 60°C for 1 min. We took 
GAPDH as an internal reference. The forward 
and reverse primers of YAP1 were 5’-TAGCC- 
CTGCGTAGCCAGTTA-3’ and 5’-TCATGCTTAGTC- 
CACTGTCTGT; E-cadherin: 5’-CGCATTGCCACAT- 
ACA-3’ and 5’-CGTTAGCCTCGTTCTCA-3’; vimen-
tin: 5’-CGCTTCGCCAACTACAT-3’ and 5’-AGGGC- 
ATCCACTTCACAG-3’; GAPDH: 5’-TGTTCGTCAT- 
GGGTGTGAAC-3’ and 5’-ATGGCATGGACTGTGG- 
TCAT. The relative expression in each targeted 
gene was calculated using the 2-ΔΔCt.

Measuring the YAP1, E-cadherin, and vimentin 
expressions using Western blot

We took the two sets of paraffin specimens, 
extracted the total protein using PIPA, and mea-
sured its concentration using the bicinchoninic 
acid (BCA) method. We prepared 10% SDS-
PAGE gel, and adjusted the protein content of 
each sample to the same level according to its 
protein concentration. The protein loading 
amount was about 10 μg, the concentration gel 
of 60 V, and the separation gel of 120 V, and 
the measurement lasted for about 1.5 h. We 
used 80 mA transfer membrane for semi-dry 
transferring in 30 min. After the completion of 
the transmembrane, we sealed the membrane 
in a shaker with a blocking solution at room 
temperature for 1 h. After finishing the closure, 
the membrane was rinsed with TBSST three 
times, and then a primary antibody (YAP1, 
1:1500; E-cadherin, 1:2000; vimentin: 1:1200) 
was added and incubated overnight at 4°C. We 
then incubated the second antibody (1:4000) 
at room temperature. We prepared a HRP sub-
strate working solution, placed the contact sur-

25.0. The measurement data was represented 
by (
_
x  ± s), the two groups of measurement data 

were compared using t-tests, the enumeration 
data were expressed as percentages, and the 
two sets of enumeration data were compared 
using X2 tests. A difference of P<0.05 was 
treated as statistically significant.

Results

Clinical data

The comparative differences in the clinical data 
between the two sets of were insignificant 
(P>0.05), as shown in Table 1.

The YAP1 expressions measured using immu-
nohistochemistry

The YAP1 expressions in the two groups were 
quantified using the immunohistochemical 
method. In the nasal-polyp group, 41 patients 
had positive YAP1 expressions in their nasal 
polyp tissue, so the positive rate was 70.69%. 
In the control group, six patients had positive 
YAP1 expressions in their turbinate mucosa tis-
sue, so the positive rate was 20.00%. The posi-
tive rate of YAP1 expression in nasal-polyp 
group was critically higher than it was in the 
control group (X2=20.417, P<0.0001), as  
shown in Table 2 and Figure 1.

The YAP1 mRNA, E-cadherin mRNA, and 
vimentin mRNA expression measured using 
RT-PCR

The YAP1 mRNA, E-cadherin mRNA, and vimen-
tin mRNA relative expressions in the two sets of 
subjects were determined using RT-PCR. 
According to the results, the relative expression 

Table 1. Comparison of the clinical data between the two groups

Group Number 
of cases

Gender Age (years,  _
x  ± s)

BMI (kg/m2,  _
x  ± s)Male Female

Nasal-polyps group 58 31 27 42.84±9.37 21.47±3.94
Control group 30 17 13 41.70±8.95 21.22±3.50
t/X2 - 0.083 0.549 0.293
P - 0.774 0.584 0.770

Table 2. YAP1 expressions in the tissues of the two groups
Group n positive cases Positive rate (%) X2 P
nasal-polyp group 58 41 70.69 20.417 0.000
control group 30 6 20.00

face of the membrane and glue 
face up in a clean container, 
the solution and incubated it at 
room temperature for 5 min. 
Finally, we drained the remain-
ing liquid, wrapped it with pre-
servative film to avoid bubbles 
and wrinkles, and put it into a 
cold CCD imaging system for 
shooting. The internal refer-
ence was taken by β-actin. 

Statistical analysis

The data processing and analy-
sis were conducted with SPSS 



YAP1 in nasal polyps

6571 Am J Transl Res 2021;13(6):6568-6575

levels of YAP1 mRNA and vimentin mRNA in the 
nasal-polyps group were remarkably higher 
than the corresponding expressions in the con-
trol-group (P<0.05), but the relative expression 
level of E-cadherin mRNA in the nasal-polyp 
group was notably lower than it was in the con-
trol-group (P<0.05), as illustrated in Table 3 
and Figure 2.

(P<0.05), but the YAP1 mRNA and the vimentin 
mRNA showed a positive correlation (P<0.05), 
as illustrated in Figure 4.

Discussion

The current mechanism of nasal polyps has yet 
been fully elucidated. A large number of studies 
on the pathogenesis of nasal polyps has 
focused on epithelial cells, body immunity, and 
pathogens, considering that the damage to the 
epithelial barrier is the cause of the pathogenic 
invasion. In the case of immune imbalance, 
damage to the epithelial barrier promotes the 
occurrence of chronic inflammation and tissue 
remodeling of the nasal mucosa, which is then 
histologically characterized by interstitial 
edema, a thickening of the basement mem-
brane, and an infiltration of inflammatory cells 
[9, 10]. EMT is the chronic inflammatory tissue 
remodeling of multiple organs, and it partici-
pates in the pathophysiological process of 
CRSwNP [11]. As the first cellular defense line 
of respiratory tract immunity, epithelial cells 
both work as the natural physical barrier, and 
as the origin of the inflammatory response [12]. 
Under certain circumstances, the epithelial 
cells turn into mesenchymal phenotype cells 

Table 3. The relative expressions of YAP1 mRNA, E-cadherin 
mRNA, and vimentin mRNA in the two sets of patients (

_
x  ± s)

Group Number 
of cases YAP1 mRNA E-cadherin 

mRNA
vimentin 

mRNA
Nasal-polyps group 58 2.107±0.337 0.729±0.164 1.478±0.251
Control group 30 1.264±0.283 1.527±0.301 0.920±0.231
t - 11.721 16.133 10.151
P - 0.000 0.000 0.000

Figure 1. The YAP1 expressions in the two groups of tissues using IHC (×400). 
Note: (A) The nasal-polyps group. (B) The control group.

Figure 2. The expressions of YAP1 mRNA, E-cadherin 
mRNA, and vimentin mRNA in the two sets of sub-
jects. Note: Compare with control group, *P<0.05.

The YAP1, E-cadherin, and 
vimentin expressions mea-
sured using Western blot

The expressions of YAP1, 
E-cadherin and vimentin were 
quantified using Western blot. 
The analysis indicated that 
the YAP1 and vimentin expres-
sions in the nasal-polyps 
group were significantly high-
er than they were in the con-
trol group (P<0.05), but the 
E-cadherin expression in the 
nasal-polyp group was espe-
cially lower than it was in the 
control-group (P<0.05), as 
presented in Table 4 and 
Figure 3.

Correlation analysis

In the nasal polyp tissues, the 
relative expressions between 
the YAP1 mRNA and the 
E-cadherin mRNA presented 
a notably negative correlation 



YAP1 in nasal polyps

6572 Am J Transl Res 2021;13(6):6568-6575

using given procedures, which are called the 
epithelial-mesenchymal transition (EMT). EMT 
plays a crucial role in diseases such as embry-
onic development, chronic inflammation, tissue 
reconstruction, cancer metastasis, and various 
tissue fibroses, and is activated by hypoxia and 
a variety of inflammatory mediators (such as 
TGF-β, the EFG family, VEGF, FGF, IL-6, etc.),  
and mediated by signaling pathways of recep-
tor tyrosine kinase, Notch, SMAD, Wnt, STAT3, 
and gp130-Src-YAP [13, 14]. We cultured 
human airway epithelial cells (BEAS-2B) in our 
previous study, and found that under hypoxic 
conditions (1% O2), the E-cadherin expression 
decreased, and α-SMA expressions increased. 
This suggests that hypoxia induces EMT in air-
way epithelial cells, which may be a significant 
part of nasal mucosal tissue remodeling and 
polyp formation. Therefore, starting from the 
regulatory mechanism of EMT, further exploring 
these important targets involved in the process 
is of great significance for finding new and 
effective ways to prevent CRSwNP and improve 
the disease prognosis.

N-cadherin, and the low level of E-cadherin can 
be detected on the surfaces of highly-expressed 
YAP cells, indicating that YAP may be an effec-
tive inducer of EMT. In cholangiocarcinoma, 
prostate cancer and breast cancer, the overex-
pression of YAP overcomes the contact restraint 
of the cells and EMT, thereby promoting tumor 
metastasis [21-23]. This research explored and 
analyzed YAP1 expression in nasal polyps and 
its correlation with EMT.

The immunohistochemistry results showed 
that the positive rate of YAP1 expression in the 
nasal-polyps group was critically superior to the 
positive rate of YAP1 expression in the control 
group. This is similar to the results of other 
scholars [24], and YAP1 expression may be reg-
ulated in the occurrence of nasal polyps. The 
RT-PCR and Western Blot results were consis-
tent, indicating that the relative expression lev-
els of YAP1 and vimentin in the nasal-polyps 
group were remarkably superior to the levels in 
the control-group, but the relative expression 
level of E-cadherin in the nasal-polyp group was 

Table 4. The expressions of YAP1, E-cadherin, and vimentin in the 
two groups

Group Number 
of cases YAP1 E-cadherin vimentin

Nasal-polyps group 58 1.208±0.271 0.875±0.115 0.902±0.284
Control group 30 0.984±0.197 1.462±0.317 0.364±0.093
t - 4.008 12.639 10.076
P - 0.000 0.000 0.000

Figure 3. The expressions of YAP1, E-cadherin, and vimentin in the two sets 
of subjects. Note: (A) A Grey-analysis chart of the protein expression, com-
pared with the control group, *P<0.05; (B) Western bolt protein expression. 
a: The nasal-polyps group. b: The control group.

YAP1 is the most critical core 
transcriptional co-activator 
that exists downstream of the 
Hippo pathway. The Hippo sig-
naling pathway, which has 
attracted much attention in 
recent years, is an important 
signaling pathway that regu-
lates organ growth and tissue 
size. It is highly conserved in 
mammals, and it plays a cru-
cial role in measuring cell pro-
liferation and differentiation 
[15, 16]. The Hippo signaling 
pathway was initially discov-
ered in Drosophila. It affects 
cell proliferation and apopto-
sis by controlling the growth, 
differentiation, and regenera-
tion of different tissues [17, 
18]. As a transcriptional co-
activator, YAP can negatively 
regulate the Hippo signaling 
pathway, thereby regulating 
cell growth, proliferation, and 
apoptosis. YAP1 has currently 
been found to be involved in 
the regulation of EMT [19, 20]. 
The high levels of snail and 
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notably lower than it was in the control-group. 
Vimentin and E-cadherin are molecular mark-
ers of EMT. Researchers have suggested that 
high expressions of vimentin and the deficiency 
of E-cadherin in tumor cells can boost the 
occurrence of EMT and tumor metastasis [25, 
26]. The results of this study are consistent 
with our previous hypotheses, namely that high 
expressions of YAP1 and the activation of EMT 
occur in nasal polyps, further confirming that 
EMT may be one of the mechanisms responsi-
ble for nasal polyps. In addition, in nasal polyp 
tissues, the relative expression between YAP1 
mRNA and E-cadherin mRNA reflects a notably 
negative correlation, while YAP1 mRNA and 
vimentin mRNA show a positive correlation. 
This is consistent with the findings of other 
scholars [27, 28], namely that YAP1 may be a 
regulatory protein of EMT, and its high expres-
sion can promote the occurrence of EMT, and 
there may be high expressions of YAP1 and the 
activation of EMT in nasal polyp disease, and 
there is a significant correlation between them.

However, our study cohort was small, and there 
is a lack of an in-depth analysis of the regula-
tory pathway between YAP1 and EMT. There- 
fore, it is necessary to further expand the  
sample size and clarify the regulatory mecha-
nism between YAP1 and EMT.

To conclude, high expressions of YAP1 and EMT 
both exist in nasal polyp tissues, and YAP1 is 
likely to be involved in the regulation of EMT, 
and these factors may be two of the mecha-
nisms involved in nasal polyps.
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