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Purpose: Nasal polyp (NP) is characterized by inflammation of the sinonasal mucosa with predominant inflammatory cell infiltration. 
Matrix metalloproteinases (MMPs) and tissue inhibitor of metalloproteinases (TIMPs) are recognized to play an important role in 
leukocyte migration in airway inflammation. Herein, efforts were made to confirm the expression levels of MMPs/TIMPs and study 
the relationship between the infiltration of inflammatory cells and local expression levels of MMPs/TIMPs in NPs.
Patients and Methods: NP tissues were obtained from 42 Chinese patients with bilateral nasal polyps during the endoscopic sinus 
surgery. Inferior turbinate (IT) tissues from 19 patients with septal deviation were taken during the rhinoplasty surgery as controls. 
mRNA and protein levels of MMP1, MMP9, MMP10, MMP12, TIMP1 and TIMP3 were assessed by quantitative PCR and 
immunohistochemistry.
Results: Eosinophilia (72%, 23/32 samples), neutrophilia (41%, 13/32 samples), and increase in macrophages (38%, 12/32 samples) 
were found in NP tissues. mRNA expression of MMP1 (10.9-fold), MMP9 (4.1-fold), MMP10 (6.7-fold) and MMP12 (3.5-fold) were 
significantly up-regulated, while TIMP1 (1.5-fold) and TIMP3 (6.0-fold) were significantly down-regulated in NPs (n=42) as 
compared to the controls (n=19). The immunostaining levels of all 4 MMPs and two TIMPs were higher in NPs than those in 
controls. The co-localization of MMP1/MMP10/MMP12 and macrophages were identified in NPs. MMP9 was mainly expressed in 
neutrophils, while TIMP1 or TIMP3 were mostly found in eosinophils in NPs.
Conclusion: The results of our study indicate that tissue remodeling is significant in NPs, where MMPs/TIMPs play important roles 
in both tissue remodeling and inflammatory cells infiltration.
Keywords: remodeling, inflammatory cells, extracellular matrix, matrix metalloproteinases

Introduction
Chronic rhinosinusitis (CRS) is divided into CRS with nasal polyp (CRSwNP) and CRS without NP (CRSsNP) by the 
presence or absence of NP.1 NPs are common chronic inflammatory disease that severely affect the quality of life of the 
patients.2 The etiology and pathophysiology of NPs are still not fully understood, and its medical treatment remains 
unsatisfactory. NPs are characterized by mucosal inflammation, high concentrations of inflammatory cells, and tissue 
remodeling including epithelial remodeling, edema, and extracellular matrix (ECM).3,4 However, the tissue remodeling 
and inflammatory cells infiltration patterns in NPs are still not fully understood.

Matrix metalloproteinases (MMPs) belong to the zinc-dependent endopeptidase family, which can break down the ECM.5 

Moreover, MMPs are considered to play an important role in leukocyte migration in airway inflammation, which, according to 
their degradation substrates, can be divided into six categories: collagenase (MMP1, MMP8, MMP13, MMP18), gelatinase 
(MMP2, MMP9), matrix hydrolases (MMP3, MMP10, MMP11), membrane-type MMPs (MMP14, MMP15, MMP16, 
MMP17), and other MMPs (MMP7, MMP12, MMP19, and MMP20).6 MMPs can be specifically inhibited by tissue inhibitor 
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of metalloproteinases (TIMPs)7 including TIMP1, TIMP2, TIMP3, and TIMP4.6 The dynamic balance of MMPs and TIMPs 
maintains the integrity of ECM.8 Previous studies have demonstrated higher levels of MMPs in NP tissues,9,10 also the possible 
role that these proteins play in sinonasal polyposis.11 MMP1 was found to be significantly higher in CRSwNP patients than that in 
controls,12 however, other studies found that the presence of MMP1 in the NP epithelium was debated.13,14 In NPs, significant 
high expressions of MMP9 and MMP10 were observed compared to those in controls.15 An animal experiment revealed that 
MMP12 was significantly up-regulated at 3 months in a murine model of chronic rhinosinusitis.16 However, another study found 
that the protein levels of MMP12 showed no statistical significance.17 Patients with CRSwNP showed significantly lower 
concentration of TIMP1 compared with patients with CRSsNP, whereas TIMP3 was not detectable.18 In contrast, another study 
demonstrated the increased expression of TIMP1 in asthmatics.8 Fazilat Mohammed et al19 claimed that TIMP3 was 
a physiological regulator of inflammation,20 but studies on TIMP3 in NPs have been rarely reported. These studies have 
shown that the expression of MMPs and TIMPs in airway inflammation is still unclear. Moreover, their relationship with 
inflammatory cells has not been fully understood too.

The present study aimed to investigate the expression levels of MMP1, MMP9, MMP10 and MMP12, which belong 
to four major categories of the MMPs family and TIMP1, TIMP3 in NPs. In particular, the relationship between the 
inflammatory cells and MMPs/TIMPs in NPs was highlighted.

Materials and Methods
Patients and Tissue Samples
A total of 61 patients from the Department of Otolaryngology Department of Qilu Hospital of Shandong University were enrolled. 
The diagnosis of NP was based upon the presence of relevant clinical symptoms, computed tomographic scans of the sinuses, as 
well as endoscopic findings. The diagnostic criteria for CRSwNP have been established by following the document of European 
Position Paper on Rhinosinusitis and Nasal Polyps (EPOS2012).21 NP tissues from 42 patients with bilateral polyps were obtained 
during the endoscopic sinus surgery. Tissue biopsies of inferior turbinate (IT) from 19 patients with nasal septal deviation were 
taken during the rhinoplasty surgery as controls. Because some samples were too small, we have prioritized in retaining RNA 
samples, therefore only 32 NPs and 15 ITs underwent staining experiments. None of the NP patients and control subjects had any 
history of malignancy, cystic fibrosis, ciliary dyskinesia, allergic fungal sinusitis, maxillary antrochoanal polyps, upper or lower 
respiratory tract infections within 2 weeks preoperatively, or any other autoimmune diseases. Written consent forms were obtained 
from all participants, and the procedure to conduct the study was approved by The Medical Ethics Committee of Qilu Hospital of 
Shandong University (No.2015086).

Evaluation of Nasal Epithelium and Inflammatory Cell Infiltration
In the microscopic evaluation of the epithelium structure, epithelium with more than 4 layers of cells was determined as epithelial 
hyperplasia.22 Goblet cell hyperplasia was defined as more than 2 layers of goblet cells in the epithelium. Squamous metaplasia 
was identified in specimens where the epithelium had lost its pseudostratified columnar epithelial structure with absence of goblet 
cells and ciliated cells, which was replaced by squamous epithelium. Eosinophils and neutrophils were randomly counted in three 
high power fields (HPF, 400× magnification) from the lamina propria. Eosinophilia or neutrophilia or macrophage cells infiltration 
was respectively defined as eosinophils or neutrophils or macrophage cells exceeding 10.3

mRNA Expression in Nasal Tissues
A portion of NP or control nasal mucosa was stored in RNAlater solution (Applied Biosystems, Foster City, CA). Total 
cellular RNA was isolated from nasal tissues with RiboPure Kit (Applied Biosystems), followed by cDNA reverse 
transcription. mRNA levels of the selected genes were determined by TaqMan gene expression assays (Applied 
Biosystems) including MMP1 (Hs00899658_m1), MMP9 (Hs00957562_m1), MMP10 (Hs00233987_m1), MMP12 
(Hs00159178_m1), TIMP1 (Hs00159178_m1) and TIMP3 (Hs00165949_m1). Relative gene expression was calculated 
using the comparative 2−ΔΔCt method,23 with GAPDH (Hs02786624_g1) as a house keeping gene.
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Histological, Immunohistochemical, and Immunofluorescent Staining
NP tissues were fixed with formalin and embedded in paraffin. The samples were sectioned with microtome (Leica, Wetzlar, 
Germany), and slides were stained with hematoxylin and eosin (H&E) for general histology evaluation eosinophil infiltration. 
Goblet cells were highlighted by staining with Alcian Blue periodic acid–Schiff (PAS). The sections were immersed in Alcian 
Blue pH 2.5 stain solution for 30 minutes followed by periodic acid solution for 5 minutes and Schiff reagent for 15 minutes, 
which were also counterstained with hematoxylin. The control group was given the same procession.

Immunohistochemical staining was performed using a modified horseradish peroxidase (HRP) technique with the 
Dako Cytomation EnVision+System-HRP (Dako A/S) in NP and control groups. The sections were processed with 
Target Retrieval Buffer (Dako A/S), and endogenous peroxidase activity was blocked with 0.3% H2O2. Sections were 
then stained with primary antibodies at 4°C overnight. The slides were then incubated with Dako EnVision+SystemHRP 
(Dako A/S) at room temperature for 30 minutes, followed by applying HRP substrate (diaminobenzidine) for color 
development. All slides were counterstained with hematoxylin. The observers who read the slides were blinded to 
clinical information of the subjects. The primary antibodies included MMP1 and MMP9, rabbit anti-human pAB 
(Abcam, Cambridge, MA); MMP10, rabbit anti-human pAB (ABclone, Wuhan, CHINA); MMP12, rabbit anti-human 
pAB (Proteintech, Chicago, US); and TIMP1/TIMP3: mouse anti-human mAB (Santa Cruz Biotechnology, Dallas, US). 
Neutrophils were stained with mouse anti-human neutrophil elastase monoclonal antibody (mAb) (Dako A/S, Glostrup, 
Denmark), and macrophages with mouse anti-human CD68 mAb (Abcam, Cambridge, UK).

Specimens in NP were also assessed by immunofluorescence staining. Tissue sections were processed with Target Retrieval 
Buffer (Dako A/S). The slides were incubated with primary antibodies at 4°C overnight and then incubated with Alexa Fluor 488 
or 594 conjugated secondary antibodies (goat-anti mouse or rabbit immunoglobulin G [IgG], H+L; Molecular Probes, Carlsbad, 
CA) at 1:400 in the dark at room temperature for 1 hour, which were later mounted with Antifade reagent with DAPI (molecular 
probes). In addition to the primary antibodies mentioned above, there is also a primary antibody labeled with eosinophils, which is 
rabbit anti-human (Eosinophil peroxidase) EPX polyclonal antibody (pAb) (EPO) (Biorbyt, Wuhan, CHINA).

Statistical Analysis
Data generated in this study were analyzed using GraphPad Prism 8 and SPSS version 26.0 (SPSS Inc., Chicago, IL). 
Continuous data were represented as mean with standard deviation (SD) and were assessed for normality and equal 
variation. In order to compare the demographic distribution and clinical variables among the different groups, Chi-square 
test was applied for categorical variables and clinical variables between 42 NP patients and 19 controls and Mann– 
Whitney U-test was carried out to assess for the staining differences between 32 NP patients and 15 controls. Correlation 
analysis was performed using Spearman correlation by comparing smoking and squamous metaplasia. Statistical 
significance was determined by a p value of <0.05, and confidence intervals (CIs) were established at 95%.

Results
Demographic and Clinical Characteristics
Demographic and clinical characteristics of the NP and control groups are summarized in Table 1. Atopy was confirmed 
by either skin prick test or serum specific immunoglobulin E (Ig E) test to common inhalant allergens. Smokers were 

Table 1 Characteristics of Subjects Enrolled in the Study

Characteristics NP (n=42) Control (n=19) p value

Age, mean ±SD 47.74 ±12.9 41.42 ±13.0 0.08

Female, (%) 8 (19.0) 3 (15.8) 0.76
Atopy, No (%) 12 (28.6) 4 (21.1) 0.28

Asthma, No (%) 11 (26.2) 2 (10.5) 0.31

Drink, No (%) 14 (33.3) 5 (26.3) 0.58
Smoking, No (%) 12 (28.6) 1 (5.3) 0.04

Abbreviations: SD, standard deviation; No, number; NP, nasal polyp.
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defined as current cigarette smokers who consume 1 or more packs of cigarettes a day, averaged over 1 year. A regular 
drinker was defined as a person who drank alcoholic beverages at least once a month. No significant differences were 
observed between the two groups in age, sex, allergy, asthma, and drinking, but smoking was considered statistically 
different between the two groups (p<0.05) (Table 1). Then, we performed the correlation analysis in NP group and found 
a correlation between smoking and squamous metaplasia (correlation coefficient is 0.494, p<0.01).

Tissue Remodeling Patterns in NPs
Epithelial remodeling was more prominent in NP patients than those in controls (Figure 1A–D), with 88% (28/32) of NP 
samples showing hyperplastic epithelium, 25% (8/32) exhibiting squamous cell metaplasia, and 19% (6/32) presenting 
goblet cell hyperplasia (Figure 1B–D and Table 2). The percentages of epithelium hyperplasia and squamous metaplasia 
were significantly larger in NPs than those in control group (p<0.05) (Table 2), while no significant difference was 
observed in the epithelium goblet cell hyperplasia between the two groups (p>0.05). A significant increase in eosino
philia (72%, 23/32 samples), neutrophilia (41%, 13/32 samples), and macrophages (38%, 12/32 samples) was found in 
NP tissues as compared to those in controls (p<0.05, Figure 1D–F and Table 2).

Expression of MMP1, MMP9, MMP10, MMP12 in NPs and Controls
The mRNA expression of MMP1 (10.9-fold), MMP9 (4.1-fold), MMP10 (6.7-fold) and MMP12 (3.5-fold) were 
significantly up-regulated in NPs (n=42) as compared to those in controls (n=19) (p<0.05) (Figure 2A). The immunos
taining showed that these MMPs were mainly expressed in epithelium, ECM, and subepithelial cells in which NP group 
displayed a strong positive staining of all these MMPs. Furthermore, we also quantified the positive cells numbers in 
ECM, which also presented higher levels in NPs as compared to controls (p<0.05) (Figure 2B and C).

Expression of TIMP1 and TIMP3 in NPs
The mRNA level and immunostaining expression of TIMP1 and TIMP3 in NPs and controls are shown in Figure 3. 
TIMP1 (1.5-fold) and TIMP3 (6.0-fold) were significantly downregulated in NPs (n=42) as compared to controls 

Figure 1 The H&E staining in two groups. The H&E staining in control group (A). The PAS staining and H&E staining in NP group (B–D). Immunohistochemistry staining for 
neutrophils (E) and macrophages (F) in nasal polyps. Black Arrows indicated inflammatory cells that expressed the corresponding markers. All the pictures were taken 
under a light microscope at ×400 magnification (Scale bar = 20μm). 
Abbreviations: H&E, hematoxylin and eosin; NP, nasal polyp; Alcian Blue periodic acid–Schiff, PAS.

https://doi.org/10.2147/JIR.S438581                                                                                                                                                                                                                                    

DovePress                                                                                                                                                 

Journal of Inflammation Research 2024:17 32

Duan et al                                                                                                                                                            Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


(p<0.05) (n=19) (Figure 3A). However, the immunostaining levels of the two TIMPs were higher in NPs than those in 
controls (p<0.05) (Figure 3B and C). Considering changes in the translational process from mRNA to protein, this 
inconsistence in the expression level of mRNA and immunohistochemical might reflect the complexity of the abnormal 
regulation mechanism involved in NPs.

Relationships Between MMPs/ TIMPs and Inflammatory Cells in NPs
In order to understand the relationships between MMPs/TIMPs and positive cells in ECM, immunofluorescence staining 
of MMPs/TIMPs and inflammatory cells were performed. The co-localization of MMP1/MMP10/MMP12 and macro
phages were identified in nasal polyps. Furthermore, MMP9 was mainly expressed in neutrophils which were identified 
by neutrophil elastase, while TIMP1 or TIMP3 were mostly found in eosinophils in NPs (Figure 4).

Discussion
Herein, the clinical and histological characteristics of the study subjects were analyzed, and it was found that there were 
more smokers in NPs than in controls. Moreover, a statistical difference in squamous metaplasia was observed between 
these two groups. Then, we perform the correlation analysis in NPs and found a correlation between smoking and 
squamous metaplasia. This result was consistent with our previous study that smoking has a strong association with 
squamous metaplasia in NPs.24 Besides, in this study, NP samples showed more hyperplastic epithelium, squamous cell 
metaplasia, and goblet cell hyperplasia than controls, indicating that the epithelial remodeling was common in NPs.

Furthermore, we found that eosinophil infiltration was predominant in NPs (72%), and the increase of neutrophilia 
(41%) and macrophage (38%) was also found in NP tissues. Besides, mixed infiltration of multiple inflammatory cells 
was also common in NPs. Although previous studies have demonstrated that a significant proportion of NPs in Asians 
present a neutrophil-predominant cellular infiltration instead of the eosinophil-predominant cellular infiltration in 
Caucasians,25–27 the percentage of type 2 signature disease in patients with CRS has been increasing (“eosinophilic 
shift”) in several Asian countries over the last 20 years.28 Determining the causes and pathophysiology for this 
eosinophilic shift still requires additional research. Besides, there are other findings indicating that neutrophils are also 
activated in eosinophilic CRSwNP, and the eosinophil–neutrophil dualism has been revaluated.29,30 CRS endotypes have 
stressed the complexity of CRS with a frequent presentation of mixed inflammatory patterns and cellular diversity, 
making it obvious that type 1 or type 2 inflammation alone is not sufficient to explain the pathophysiology,29 Chinese 
studies found that 35.8% of the patients with CRSwNP displayed a mixed phenotype, associated with type 2 
inflammation.31 The results of our study are consistent with this opinion.

Differential expression patterns of MMPs and TIMPs in NPs and control subjects were demonstrated that MMPs and 
their inhibitors are critical in tissue repair and remodeling,32–40 but the involvement and role of MMPs/TIMPs in NP 
pathology is controversial.17 Our study further confirmed that the mRNA expression and protein levels of MMP1, 
MMP9, MMP10, MMP12 were higher in NPs than controls. Moreover, we also demonstrated that these MMPs were 

Table 2 Histopathological Patterns

NP (n=32) Control (n=15) p value

Epithelium remodeling

-Hyperplasia 28 2 < 0.001

-Squamous metaplasia 8 0 0.03
-Goblet cell hyperplasia 6 2 0.65

Inflammatory cell pattern

-Eosinophilia 23 1 < 0.001
-Neutrophilia 13 1 0.018

-Macrophage 12 1 0.028

Abbreviation: NP, nasal polyp.
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Figure 2 Quantitative determination of mRNA by means of real-time RT-PCR and the immunostaining for MMPs in two groups. The mRNA expression of MMP1, MMP9, 
MMP10 and MMP12 were significantly up-regulated in NP as compared to those in controls (p<0.05) (A). MMPs were expressed in epithelium, ECM, and subepithelial cells, 
in which NP group displayed a strong positive staining (B). The positive cells numbers in ECM, which also presented higher levels in NP groups compared to control groups 
(p<0.05) (C). Black Arrows indicated MMPs positive cells that expressed the corresponding markers. Original magnification ×200 (Scale bar = 50μm). 
Abbreviations: RT-PCR, reverse transcription polymerase chain reaction; MMPs, matrix metalloproteinases; ECM, extracellular matrix; NP, nasal polyp.
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mainly expressed in ECM and subepithelial cells, in which NP group displayed a strong positive staining of all these 
MMPs, suggesting that the formation of NP is closely related to the high expression of MMPs.

As the inhibitor of MMPs, TIMPs also mattered considerably in NP remodeling, but the expression level of TIMP1 
was still controversial,17 and few studies were conducted on the expression of TIMP3 in nasal inflammatory diseases. In 
our study, the mRNA expression levels of TIMP1 and TIMP3 were significantly down-regulated in NPs as compared to 
controls. However, TIMPs displayed a strong positive staining in subepithelial cells and the numbers of positive cells 
presented higher levels in NPs as compared to controls. mRNA expression represents the transcriptional level of TIMPs 
in the entire polyp tissue, while the immunostaining is able to show the expression levels of TIMPs in the individual 
inflammation cells. Perhaps, some biological changes may occur during the transcriptional process of mRNA to protein 
in NPs, which need to be studied in future. Besides, it may suggest that MMPs/TIMPs are active in both matrix 
degradation and synthesis in NPs. MMPs/TIMPs interact and balance each other. When the ratio of the two is 
imbalanced, it can cause obstacles to the decomposition and synthesis of ECM, leading to the tissue remodeling in 
NPs. In addition, the mechanisms by which MMPs/TIMPs are synthesized need to be further investigated. We can further 
investigate the subepithelial cells which MMPs/TIMPs expressed.

Figure 3 Quantitative determination of mRNA by means of real-time RT-PCR and the immunostaining for TIMP1 and TIMP3 in two groups. The mRNA expression of 
TIMP1 and TIMP3 were significantly down-regulated in NP as compared to those in controls (p<0.05) (A). TIMPs displayed a strong positive staining in subepithelial cells (B). 
The numbers of positive cells presented higher levels in NP groups compared to control groups. (p<0.05) (C). Black Arrows indicated MMPs positive cells that expressed 
the corresponding markers. Original magnification ×200 (Scale bar = 50μm). 
Abbreviations: RT-PCR, reverse transcription polymerase chain reaction; TIMPs, tissue inhibitor of metalloproteinases; NP, nasal polyp.
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MMPs and TIMPs have been reported to be secreted by a wide variety of cells, including epithelial cells, fibroblasts and 
inflammatory cells such as macrophages and neutrophils in response to a noxious stimulus.41,42 Neutrophils are a major source of 
MMP9 that have been implicated in the process of dentinogenesis. MMP9 has been reported to be associated with neutrophilic 
inflammation.43–45 In addition, macrophages form the main source of MMP9 in normal lungs, but neutrophils secrete MMP9 in 
chronic obstructive lung disease.46 Macrophages are an important source of MMPs, such as MMP10 and MMP12 in urolithiasis.47 

Various studies have been conducted to elucidate the relationship between MMPs and macrophages.48 M1 macrophages could 
release MMP10 to induce vascular remodeling and pulmonary arterial hypertension.49 MMP12, also called macrophage elastase, 

Figure 4 Immunofluorescent staining of MMP1, MMP10 and MMP12 (green) with CD68 (red); MMP9 (green) with neutrophil elastase (red); TIMP1 and TIMP3 (green) with 
EPO (red) in NP. DAPI (blue) stained in cell nucleus. White Arrows indicated the double staining cells of MMPs and inflammatory cells that expressed the corresponding 
markers. Original magnification ×400 (Scale bar = 20μm). 
Abbreviations: MMPs, Matrix metalloproteinases; TIMPs, tissue inhibitor of metalloproteinases; NP, nasal polyp; EPO, EPX polyclonal antibody.
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could mediate a variety of pathological processes. Besides, MMPs secreted by other cells can induce macrophage infiltration. 
Several MMPs, including MMP1, MMP9, and MMP12, can process on macrophages to its active form, which might evoke the 
constitutive release of TNF from macrophages to induce tissue damage.50 Another study showed that TIMP1 was associated with 
eosinophilic cells.51 However, these studies did not identify the main MMPs/TIMPs sources in NPs. In our study, immunofluor
escence was performed on MMPs and inflammatory cells, which showed that MMP1/MMP10/MMP12 positive cells were 
identified in macrophages with positive expression of CD68, suggesting that macrophages might produce these MMPs in NPs. 
Then, we performed co-staining of MMP9 and neutrophils elastase, which showed that neutrophils are the main source of MMP9 
in NPs. Furthermore, up-regulation of TIMP1 or TIMP3 positive cells was mostly found in eosinophilic NPs.

Overall, this study provides evidence for the pathogenic roles of MMPs and TIMPs in the formation of NPs. Our 
findings are endowed with the potential to identify key factors enhancing tissue remodeling, making it necessarily 
important to further reveal the pathogenesis of NP. Meanwhile, these findings indicate that tissue remodeling is 
significant in NPs, where MMPs/TIMPs play an important role in tissue remodeling. Furthermore, we found that 
inflammatory cells can secrete MMPs/TIMPs, which may consequently promote the infiltration of inflammatory cells. 
Therefore, there may be a possibility to reduce tissue remodeling via the pharmacological interventions on certain MMPs 
or TIMPs in the inflammatory cells. We may also reduce inflammatory cell infiltration by controlling the expressional 
levels of MMPs/TIMPs. However, these hypothesizes need to be further investigated and confirmed in NPs.

There are several limitations to this study. The pathophysiology and pathogenesis of nasal polyps are complex. There 
are many types of inflammatory cells infiltrated in NPs, and we only investigate three of them. In the future, we need to 
include other inflammatory cells, such as lymphocytes and mast cells. Second, the PCR results of TIMPs were 
inconsistent with immunohistochemical staining. It indicates that some changes may occur during the translational 
process from mRNA to protein, which was not investigated in this study. Finally, this study was performed only in the 
Chinese patients with a relatively small sample size, which may limit the external validity of this research. Further 
studies with large sample size and an ethnically diverse population are needed to validate the outcomes of this study.

Conclusion
The results of our study indicate that tissue remodeling is significant in NPs and MMPs/TIMPs play important roles in 
both tissue remodeling and inflammatory cells infiltration in NPs. In addition, MMPs/TIMPs-related pathways could be 
regarded as new therapeutic targets in the treatment of epithelial hyperplasia in patients with inflammatory.

Abbreviations
CRS, Chronic rhinosinusitis; CRSwNP, CRS with NP; CRSsNP, CRS without NP; NP, Nasal polyp; MMPs, Matrix 
metalloproteinases; ECM, extracellular matrix; TIMPs, tissue inhibitor of metalloproteinases; IT, inferior turbinate; H&E, 
hematoxylin and eosin; PAS, Alcian Blue periodic acid–Schiff; mAb, monoclonal antibody; pAb, polyclonal antibody; 
HRP, horseradish peroxidase; EPX, Eosinophil peroxidase; EPO, EPX polyclonal antibody; SD, standard deviation; CIs, 
confidence intervals; No, number; RT-PCR, reverse transcription polymerase chain reaction.
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