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Objective: To investigate the role of S100A8 in chronic rhinosinusitis with nasal polyps (CRSwNP) 
and assess its value in predicting disease recurrence after surgery. 
Methods: Thirty healthy controls (HC), 30 patients with chronic rhinosinusitis without nasal polyp 
(CRSsNP), and 60 patients with CRSwNP were enrolled. Serum S100A8 concentration was 
measured by ELISA. Immunohistochemistry (IHC), western blotting (WB), and reverse 
transcription-polymerase chain reaction (RT-PCR)were performed to examine tissue expression 
levels of S100A8. The potential values of S100A8 in predicting postoperative recurrence of 
CRSwNP were assessed by the receiver operating characteristic (ROC)curve. 
Results: Serum S100A8 concentrations in the CRSwNP group were higher than the HC group and 
the CRSsNP group， especially in the recurrent CRSwNP group (P < 0.05). Serum S100A8 levels 
were positively correlated with peripheral blood eosinophil numbers (r = 0.263, P = 0.043) and 
percentages (r = 0.336, P = 0.009), tissue eosinophil percentages (r = 0.273, P = 0.035), VAS 
score (r = 0.385, P = 0.002) and Lund-Kennedy score (r = 0.283, P = 0.029). IHC, WB, and RT- 
PCR results showed tissue S100A8 expression was significantly enhanced in the CRSwNP group, 
especially in the recurrence group (P < 0.05). Binary regression analysis showed that serum 
S100A8 concentration and tissue eosinophil percentage were correlated with postoperative 
recurrence of CRSwNP. ROC curve analysis showed that compared with tissue eosinophil per-
centage, the S100A8 level had a higher value for postoperative recurrence of CRSwNP. 
Conclusion: Serum and tissue S100A8 levels were elevated in patients with CRSwNP， especially 
in the recurrent CRSwNP patients, and were correlated with the degree of peripheral blood and 
tissue eosinophilic inflammation. S100A8 seemed to be a potential objective biomarker to predict 
the postoperative recurrence of CRSwNP.   

1. Introduction 

Chronic rhinosinusitis (CRS) is a common otolaryngology disease characterized by chronic inflammatory changes in the mucosa of 
the nasal cavity and sinuses, with a prevalence of about 4%–8% in China and increasing yearly [1–3]. Currently, CRS could be further 
classified into two phenotypes, CRS with nasal polyp (CRSwNP) and CRS without nasal polyp (CRSsNP), based on the presence or 
absence of polyps under nasal endoscopy [4,5]. In contrast to CRSsNP, CRSwNP is characterized by T helper 2 (Th2) type inflammation 
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and eosinophil infiltration as the main pathological feature, and the degree of eosinophil infiltration in the polyp tissue was found to be 
associated with the poor treatment outcomes and increase the risk of recurrence after surgery [6–8].Therefore, exploring strategies to 
prevent the postoperative recurrence of CRSwNP and identifying objective biomarkers for predicting its recurrence is extremely 
crucial. Although previous studies mentioned that the nasal microbiome, serum metabolites, and sinus CT score could be used to assess 
postoperative recurrence, the use of these indicators was limited by their lack of objectivity in clinical applications [9–11]. Thus, 
exploring an objective and reliable biomarker to predict the postoperative recurrence of CRSwNP is of great importance to guide 
disease treatment and achieve precise treatment. 

S100A8, a member of the calcium-binding protein family, is secreted by a variety of immune cells, such as eosinophils, neutrophils, 
and macrophages, and is essential for cell proliferation, migration, and differentiation [12–14]. Previous studies showed that S100A8 
could be involved in the development of various airway inflammatory diseases and autoimmune diseases by binding to its receptor and 
promoting the differentiation of Th2 cells and the production of related type 2 cytokines [13,15]. A previous study showed that serum 
S100A8 levels were significantly increased in asthma patients and its levels could potentially be used as a biomarker for asthma [16]. 
Another publication demonstrated that serum S100A8 levels were elevated in patients with inflammatory bowel disease and its levels 
were associated with disease recurrence [17]. However, the role of S100A8 in CRSwNP has not been reported. Therefore, this study 
aims to investigate the role of S100A8 in CRSwNP and the potential value of predicting postoperative recurrence. 

2. Materials and methods 

2.1. Participants and setting 

Ninety patients with CRS who were hospitalized in Hainan Cancer Hospital between February 2019 and January 2020 were 
included, including 30 CRSsNP patients and 60 CRSwNP patients. The inclusion criteria for the healthy control (HC) group were as 
follows: 1)18 < age <70; 2)undergoing nasal bone fracture or nasal benign tumor in our institution HC group and CRS group exclusion 
criteria were listed as follows: 1) fungal sinusitis, posterior nasal polyp, sinus cyst, aspirin triad, and acute respiratory infection; 2) 
other inflammatory diseases, autoimmune diseases, and immunodeficiency-like diseases; 3) severe underlying disease or severe 
organic cardiovascular disease; 4) use of antibiotics, steroid hormones, antihistamines, and leukotriene receptor antagonists within the 
last 1 month; 5) age <18 years or >70 years. The study was approved by the hospital ethics committee, and all patients were informed 
and signed the consent form. 

2.2. Collection of serum specimens and determination of S100A8 concentration 

Five milliliters of venous blood were collected and allowed to stand at room temperature for 1 h, then centrifuged at 3000 rpm for 5 
min at 4 ◦C, followed by aspiration of the supernatant into a 15 mL centrifuge tube, then centrifuged at 3000 rpm for 3 min, and finally 
stored in a − 80 ◦C refrigerator for subsequent use. The collected serum was thawed at room temperature and the concentration of 
S100A8 in the serum was measured using a commercial ELISA kit (CUSABIO, Wuhan, China) according to the commercial instructions. 

2.3. Immunohistochemical (IHC) 

Specimens were obtained during surgery and placed in formaldehyde fixative for paraffin embedding and partly in liquid nitrogen 
for subsequent experiments. A 4 μm section was excised from the paraffin-embedded tissue. For IHC staining, sections were incubated 
with primary antibodies to S100A8 (Affinity Biosciences, Changzhou, China) overnight at 4 ◦C. Thereafter, the sections were incubated 
with biotinylated secondary antibodies (Affinity Biosciences, Changzhou, China) for 30 min at 37 ◦C, and 3′3-diaminobenzidine (DAB) 
was used for visualization. The representative images were selected in each group, and tissue S100A8 protein expression levels were 
represented as the average optical density (IOD/Area) (HPFs, 200 × ). 

2.4. Western blotting (WB) 

Tissue was removed in liquid nitrogen and proteins were extracted. The operation was as described previously [18]. Total proteins 
of tissues were extracted in a mixture of RIPA lysis buffer with protease inhibitors. Equal amounts of proteins were electrophoresed on 
SDS-PAGE in 10 % Tris-glycine gels and transferred to PVDF membranes (Millipore, Massachusetts, USA). The membranes were closed 
with 5 % skim milk for 1 h at room temperature and incubated overnight with primary antibodies against S100A8 and Tubulin 
(Affinity Biosciences, Changzhou, China). After the membranes were incubated with secondary antibodies and developed using ECL 
Ultrasensitive Luminol. Band intensities were quantified by the Image system. 

2.5. Reverse transcription-polymerase chain reaction (RT-PCR) 

Total RNA was prepared from tissues using TriZol reagent (Invitrogen). complementary DNA (cDNA) was synthesized using reverse 
transcriptase (Invitrogen). mRNA expression was determined using an ABI PRISM 7500 detection system (Applied Biosystems, Foster 
City, CA) and a SYBR Green qPCR kit (Accurate Biology, Hunan, China). Primers were selected based on published data after 
normalizing the average transcript levels of genes to GAPDH. The primer sequences are as follows.: S100A8, Forward primer (5′–3′) 
GATCTGCACAGGCATGGTCGT, Reverse primer (5′–3′) AACAGAGTGCCTCGGGACAGGA; GAPDH, Forward primer (5′–3′) 
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TGCACTTACCTGTGCTCCCACTCCTG, Reverse primer (5′–3′) ACAGGGCAAGCCCACCCCTTCTCTA. 

2.6. Statistical analysis 

Continuous variables were expressed as mean ± standard deviation, and comparisons between two groups were conducted using 
Student’s -T test, and among three groups with one-way ANOVA. Correlations between serum S100A8 levels and clinical variables 
were explored by correlation analysis. Binary regression analysis and the operating characteristic curve (ROC) were used to analyze the 
predictive value of serum S100A8 on postoperative recurrence of CRSwNP. P < 0.05 was considered a statistically significant 
difference. 

3. Results 

3.1. Comparison of clinical data of participants 

One hundred and twenty patients were included in this study. The clinical data of all participants are shown in Table 1. Peripheral 
blood eosinophil count and percentage, VAS score, and Lund-Kennedy score are significantly higher in the CRSwNP group than in the 
HC and CRSsNP groups (P < 0.05). Gender, age, and body mass index (BMI) exhibit no statistical difference among the three groups (P 
> 0.05). As shown in Table 2, the percentages of peripheral blood and tissue eosinophils were significantly higher in the recurrent 
CRSwNP group than in the primary CRSwNP group (P < 0.05). 

3.2. Serum S100A8 expression in CRSwNP and correlation with clinical variables 

As shown in Fig. 1, S100A8 levels were significantly higher in the CRSsNP and CRSwNP groups (P < 0.05) (Fig. 1A). In addition, the 
expression of S100A8 was significantly upregulated in the recurrent CRSwNP compared with that in the primary CRSwNP group 
(Fig. 1B). The correlation analysis showed that serum S100A8 levels were positively correlated with peripheral blood eosinophil 
number and percentage (Fig. 2A–B), tissue eosinophil percentage, VAS score, and Lund-Kennedy score (Fig. 2D–F),but serum S100A8 
levels did not correlate significantly with tissue eosinophil counts (Fig. 2C). 

3.3. Evaluation of tissue S100A8 expression in CRSwNP 

The IHC results showed that the positive number of cells stained with S100A8 was significantly increased in the CRSwNP group 
compared with the HC group and CRSsNP group (Fig. 3A). In contrast to primary CRSwNP, the S100A8 expression enhanced in the 
recurrent CRSwNP group (Fig. 3B). In addition, WB analysis suggested that tissue S100A8 levels were higher in the CRSwNP group 
(Fig. 4A), especially in the recurrent CRSwNP group (Fig. 4B). RT-PCR likewise revealed that tissue S100A8 mRNA levels were higher 
in the CRSwNP group compared to the HC group and the CRSsNP group (Fig. 5A), especially in the recurrent CRSwNP group (Fig. 5B). 

3.4. Assessment of the values of serum and tissue S100A8 in predicting CRSwNP recurrence 

These variables with the statistical difference in Table 2 and serum S100A8 were included in binary regression analysis. The results 
in Table 3 showed that tissue eosinophil percentage and serum S100A8 were correlated with postoperative recurrence in patients with 
CRSwNP. The ROC curve indicated that serum S100A8 exhibited potential value and reliability in predicting postoperative recurrence 
in CRSwNP (Fig. 6). The detailed data are presented in Table 4. Furthermore, we further suggested that tissue S100A8 mRNA level was 
a potential indicator in predicting postoperative recurrence in CRSwNP (Fig. 7). 

4. Discussion 

In the present study, we found that serum S100A8 levels were increased in the serum samples of CRSwNP patients, especially in the 
recurrent CRSwNP cases. The elevated circulating S100A8 levels were positively correlated with the peripheral blood and tissue 

Table 1 
Comparison of clinical data among three groups.  

Variables HC group n = 30 CRSsNP group n = 30 CRSwNP group n = 60 P-valve 

Gender, male/female 18/12 20/10 34/26 0.659 
Age, year 43.0 ± 12.3 41.6 ± 12.7 41.7 ± 13.5 0.889 
BMI, kg/m2 24.6 ± 2.9 25.1 ± 3.1 25.4 ± 3.5 0.300 
Blood eosinophil count, 106/L 102.0 ± 33.7 149.8 ± 56.0 236.5 ± 114.2 <0.001 
Blood eosinophil percentage, % 2.3 ± 0.3 3.1 ± 0.7 6.3 ± 1.4 <0.001 
VAS score – 5.2 ± 1.5 6.9 ± 2.2 <0.001 
Lund-Kennedy score – 4.2 ± 1.5 7.7 ± 2.5 <0.001 

HC, healthy control; CRSsNP, chronic rhinosinusitis without nasal polyp; CRSwNP, chronic rhinosinusitis with nasal polyp; BMI, body mass index; 
VAS, visual analogue scale. 
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Table 2 
Comparison of clinical data between the two groups.  

Variables Primary CRSwNP group n = 32 Recurrent CRSwNP group n = 28 P-value 

Gender, male/female 21/11 13/15 0.134 
Age, year 39.3 ± 12.8 43.4 ± 14.0 0.242 
BMI, kg/m2 24.7 ± 2.6 26.2 ± 4.2 0.058 
Blood eosinophil count, 106/L 210.1 ± 109.8 266.7 ± 113.6 0.055 
Blood eosinophil percentage, % 5.9 ± 1.6 6.8 ± 1.0 0.016 
Tissue eosinophil count, n/HPF 25.4 ± 11.5 27.8 ± 9.9 0.397 
Tissue eosinophil percentage, % 9.7 ± 3.4 12.5 ± 5.1 0.013 
VAS score 7.0 ± 2.1 6.7 ± 2.3 0.624 
Lund-Kennedy score 7.6 ± 2.4 7.8 ± 2.7 0.719 

CRSsNP, chronic rhinosinusitis without nasal polyp; CRSwNP, chronic rhinosinusitis with nasal polyp; BMI, Body mass index; VAS, visual analogue 
scale; HPF, high-power field. 

Fig. 1. Serum S100A8 levels were increased in CRSwNP group. (A) Serum expression level of S100A8 among the three groups. (B) Serum expression 
level of S100A8 between primary CRSwNP group and recurrent CRSwNP group. *P < 0.05, ***P < 0.001, ****P < 0.0001. HC, healthy control; 
CRSsNP, chronic rhinosinusitis without nasal polyp; CRSwNP, chronic rhinosinusitis with nasal polyp. 

Fig. 2. Correlation between serum S100A8 levels and clinical variable. (A) Blood eosinophil number, (B) Blood eosinophil percentage, (C) Tissue 
eosinophil number, (D) Tissue eosinophil percentage, (E) VAS score, (F) TNSS score. 

X. Deng et al.                                                                                                                                                                                                           



Heliyon 10 (2024) e24295

5

eosinophil percentages, and clinical disease severity. The tissue expression levels were consistent with the serological findings. 
Moreover, we demonstrated that both serum and tissue S100A8 levels showed potential values in predicting postoperative recurrence. 
These results suggested that S100A8 was involved in the pathological mechanism, and it might serve as a novel biomarker for 
monitoring the severity and predicting postoperative recurrence in patients with CRSwNP. 

S100A8 is a crucial protein in eosinophils and macrophages and acts as an important component of the innate immune system [19, 
20]. Previous studies proved that S100A8 was a potent ligand for Toll-like receptor 4 (TLR4), which mediated pathway activation 
promotes Th2 cell differentiation and release of type 2 cytokines [21–24]. Recent publications found that serum S100A8 concen-
trations were significantly elevated in asthma patients, and their levels were positively correlated with the severity of the disease [25]. 
In another study, tissue S100A8 levels were also found to be increased in inflammatory bowel diseases, especially in active inflam-
matory bowel diseases [26]. Intriguingly, the serum S100A8 levels were found to be increased in patients with systemic lupus 

Fig. 3. IHC staining of S100A8 in different groups. S100A8 protein expression was significantly enhanced in the CRSwNP group(A), especially in 
the recurrent group(B), and concentrated in the epithelial region of the nasal mucosa (200 × ). **P < 0.01, ***P < 0.001, ns, no significance. IHC, 
immunohistochemistry. HC, healthy control; CRSsNP, chronic rhinosinusitis without nasal polyp; CRSwNP, chronic rhinosinusitis with nasal polyp. 
IOD/Area, average optical density. 

Fig. 4. S100A8 protein level in different groups. WB result showed that S100A8 protein expression was significantly enhanced in the CRSwNP 
group (A), especially in the recurrent CRSwNP group (B). **P < 0.01, ***P < 0.001. WB, western blotting; HC, healthy control; CRSsNP, chronic 
rhinosinusitis without nasal polyp; CRSwNP, chronic rhinosinusitis with nasal polyp. 
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Fig. 5. S100A8 mRNA level in different groups. RT-PCR results showed that compared to the HC group and CRSsNP group, S100A8 level was 
significantly enhanced in the CRSwNP group(A), especially in the recurrent CRSwNP group(B). *P < 0.05, ***P < 0.001. RT-PCR, reverse 
transcription-polymerase chain reaction; HC, healthy control; CRSsNP, chronic rhinosinusitis without nasal polyp; CRSwNP, chronic rhinosinusitis 
with nasal polyp. 

Table 3 
Binary regression analysis of clinical variables associated with postoperative recurrence of CRSwNP.  

Clinical variables OR 95%CI P-value 

Blood eosinophil percentage, % 1.596 0.960–2.652 0.071 
Tissue eosinophil percentage, % 1.176 1.017–1.359 0.029 
SerunS100A8, pg/mL 2.012 1.001–2.035 0.004 

CRSwNP, chronic rhinosinusitis with nasal polyp; OR, odd ratio; CI, confidence interval. 

Fig. 6. ROC curves evaluating the predictive values of serum S100A8 levels and tissue eosinophil percentage for recurrence of CRSwNP. ROC, 
receiver operating characteristics; CRSwNP, chronic rhinosinusitis with nasal polyp. 

Table 4 
ROC curve analysis to explore the predictive value.  

Clinical variables AUC 95%CI Sensitivity Specificity P-value Cut-off value 

Tissue eosinophil percentage, % 0.655 0.631–0.882 0.46 0.88 0.039 11.52 
Serum S100A8, pg/mL 0.757 0.512–0.799 0.79 0.72 0.001 705.19 

ROC, Receiver operating characteristic; AUC, area under the curve; CI, confidence interval. 
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erythematosus, and decreased significantly after treatment, suggesting that S100A8 could be used as a reference indicator of disease 
activity and help guide disease treatment and prognosis assessment [27]. In addition, Previous studies have shown that the degree of 
tissue type 2 inflammation and eosinophilic inflammation were significantly correlated with CRSwNP disease severity [28,29]. 
Interestingly, Waddell et al. [30] S100A8 could be involved in disease progression by interacting with eosinophil chemokines, thereby 
promoting migratory aggregation of eosinophils. These studies implied that the changes in S100A8 levels were closely related to the 
development of inflammatory diseases, but the relationship between S100A8 and CRSwNP is currently unclear. Our results demon-
strated that serum and tissue S100A8 levels were significantly higher in the CRSwNP group and its serum levels were positively 
correlated with the peripheral blood and tissue eosinophil ratios, VAS scores, and Lund-Kennedy scores. These results suggested that 
altered serum S100A8 concentrations were involved in the development of CRSwNP and might be associated with tissue eosinophilic 
inflammation, but the specific pathological mechanisms need to be further investigated. 

Currently, although surgical treatment is one of the effective treatment modalities to improve clinical symptoms in patients with 
CRSwNP, not all patients achieve good prognoses due to its uncertain etiology and high disease heterogeneity [31]. It was well 
established that the degree of eosinophil infiltration and type 2 inflammation in the mucosa profoundly influenced the risk of CRSwNP 
recurrence after surgery [32–34].In the present study, we found that serum and tissue S100A8 levels were significantly upregulated in 
patients with recurrent CRSwNP compared to patients with primary CRSwNP. Moreover, serum S100A8 levels were positively 
correlated with peripheral blood and tissue eosinophil percentages. ROC curves further indicated that both serum and tissue S100A8 
exhibited potential values in predicting postoperative recurrence of CRSwNP. Accumulating evidence showed that S100A8 promoted 
the release of Th2 cytokines and eosinophil chemotaxis through binding to the receptor TLR4, which contributed to the development of 
tissue Th2 inflammation and eosinophilia [35,36]. Therefore, we hypothesized that high levels of S100A8 could exacerbate the 
migratory infiltration of eosinophils into nasal mucosal tissues by promoting Th2 cell differentiation and cytokine production, 
aggravating type 2 inflammation and eosinophilia in nasal mucosal tissues and increasing the risk of postoperative recurrence of 
CRSwNP. 

In summary, serum and tissue S100A8 levels were significantly increased in CRSwNP patients and correlated with postoperative 
recurrence. Serum S100A8 might be used as a novel and objective biomarker for predicting the postoperative recurrence of CRSwNP. 
However, the findings of this study are yet to be confirmed by further large-sample, multicenter studies. 

Ethics approval statement 

This study complies with the Declaration of Helsinki and was approved by the ethics committee of Hainan Cancer Hospital. 

Data availability statement 
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Fig. 7. ROC curves evaluating the predictive values of tissue S100A8 levels for recurrence of CRSwNP. ROC, receiver operating characteristics; 
CRSwNP, chronic rhinosinusitis with nasal polyp. 
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