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Background: Chronic rhinosinusitis with polyps (CRSwNP) is characterized by high heterogeneity and postoperative recurrence rate.
This study aimed to explore the clinical significance of activated leukocyte cell adhesion molecule (ALCAM) in endotyping CRSwNP
and predicting its recurrence.
Methods: We recruited 120 CRSwNP patients including 70 non-eosinophilic CRSwNP (neCRSwNP) and 50 eosinophilic CRSwNP
(eCRSwNP) patients, and 40 healthy controls (HCs). Serum and tissue samples were collected. Serum ALCAM levels were detected
by enzyme-linked immunosorbent assay (ELISA), and tissue ALCAM expression was assessed by reverse transcription-polymerase
chain reaction (RT-PCR), Western blotting (WB) and immunohistochemistry (IHC). The predictive values of ALCAM expression for
CRSwNP endotypes and postoperative recurrence were assessed.
Results: The serum levels of ALCAM were significantly increased in CRSwNP patients in comparison with HCs and were correlated
with the peripheral eosinophil count, tissue eosinophil counts, and percentage. Multivariate analysis and receiver operating character-
istic (ROC) curve highlighted that serum ALCAM levels were associated with CRSwNP endotypes. Tissue ALCAM expression was
significantly enhanced in CRSwNP patients, especially in eCRSwNP patients. At the end of the study, 110 patients completed the
follow-up schedule, 78 patients were categorized into the non-recurrent group, and the other 32 patients were included in the recurrent
group. The serum ALCAM levels were elevated in the recurrent group compared with the non-recurrent group, and ALCAM
expression in the tissue was significantly elevated. The ROC curve exhibited a high predictive ability of serum ALCAM in predicting
postoperative recurrence. Logistic regression and Kaplan–Meier curves demonstrated that serum ALCAM was an independent risk
factor for postoperative recurrence.
Conclusion: This is the first report suggesting that ALCAM expression was upregulated and associated with mucosal eosinophil
infiltration and CRSwNP recurrence. Serum ALCAM could be a promising biomarker for distinguishing endotypes and predicting
postoperative recurrence in CRwNP patients.
Keywords: activated leukocyte cell adhesion molecule, chronic rhinosinusitis with nasal polyps, endotypes, recurrence, biomarker

Introduction
Chronic rhinosinusitis (CRS) is a highly prevalent disease characterized by chronic inflammation of the nasal cavity and
sinuses, and it has impacted approximately 10% of the Chinese population.1,2 CRS is a multifactorial disease and is
frequently grouped into two phenotypes based on the presence or absence of nasal polyps: CRS with nasal polyps
(CRSwNP) and CRS without nasal polyps (CRSsNP).3,4 Accordingly, CRSwNP is a highly heterogeneous disorder with
massive infiltration of inflammatory cells and mediators in the tissue. Eosinophilic-driven Th2 inflammation is pre-
dominant in its underlying pathomechanism.5,6 CRSwNP is further categorized into noneosinophilic (neCRSwNP) and
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eosinophilic (eCRSwNP) types based on the eosinophil percentage in poly tissues.7,8 These subtypes of CRSwNP exhibit
distinct pathophysiological properties, clinical manifestations, prognosis and postoperative recurrence rates.9,10 Given
that, preoperatively discriminating CRSwNP endotypes and predicting postoperative recurrence are pivotal to achieving
personalized treatments and adjusting follow-up protocols. Therefore, it is urgently necessary to explore objective
indicators or biomarkers for distinguishing CRSwNP endotypes and predicting postoperative recurrence to develop
treatment strategies and treatment outcomes.

Activated leukocyte cell adhesion molecule (ALCAM; CD166) is a glycoprotein belonging to the immunoglobulin
superfamily, and it is expressed on a variety of cell types.11,12 Previous studies have demonstrated that ALCAM is
implicated in diverse pathophysiological processes, including tumor progression and metastasis and T cell activation and
proliferation, and it is involved in malignant tumors, autoimmune diseases, and inflammatory diseases.13–15 In recent
years, the role of ALCAM in the immune response has attracted attention; elevated ALCAM expression was observed in
the tissue and serum of patients with asthma and allergic rhinitis, suggesting that ALCAM may be involved in airway
inflammation.16–18 Thus, the present study explored the role of ALCAM in CRSwNP pathogenesis and evaluated its
value in discriminating CRSwNP endotypes and predicting postoperative recurrence.

Materials and Methods
Participants and Settings
We prospectively recruited 120 CRSwNP patients who underwent nasal endoscopic surgery in our tertiary clinic between
June 2018 and August 2018. CRSwNP was diagnosed based on disease history, physical examination, nasal endoscopy,
and sinus computed tomography (CT) findings according to the guidelines of the European Position Paper on
Rhinosinusitis and Nasal Polyps 2012.19 Accompanied with allergic rhinitis and asthma were confirmed by physicians
based on disease history, skin tests and/or specific IgE tests, and pulmonary function. The inclusion criteria were listed as
follows: 1) age over 18 years; 2) treatment with nasal endoscopic surgery; and 3) volunteering to participate in this study
and providing nasal polyp samples; patients with CRSwNP were excluded if they had other nasal or sinus diseases, such
as fungal sinusitis, allergic fungal rhinosinusitis, cystic fibrosis, or malignancy; autoimmune diseases or eosinophilic
diseases; or a history of immunotherapy, antibiotics, nasal or systemic corticosteroids, or anti-allergic drugs within four
weeks. We also excluded patients aged < 18 years or >70 years. Forty patients undergoing septoplasty without other nasal
diseases were recruited as the control group in the present study as previously described, and middle turbinate mucosa
was collected as control tissue.20 Control subjects were excluded if they were on immunotherapy, had severe heart and
kidney dysfunction, or had inflammatory or autoimmune conditions. This study was approved by the Medical Ethics
Committee of Xiangya Hospital of Central South University (permission no. 201801402). All subjects provided informed
consent before they were enrolled.

Endotyping CRSwNP
Nasal polyps were obtained from CRSwNP patients during the operation, immersed in 10% formalin and embedded in
paraffin wax. The embedded tissues were sectioned into 5-μm thickness sections and stained with hematoxylin and eosin
(H&E). Two independent pathologists who were blinded to the clinical data counted the numbers and percentages of
eosinophils in 10 randomly selected high-power fields (HPF). The diagnosis of eCRSwNP and neCRSwNP was
conducted as previously described: eCRSwNP was defined when the percentage of tissue eosinophils was > 10% of
the total inflammatory cells; otherwise neCRSwNP was diagnosed.20,21

Postoperative Follow-Up and Evaluation
Postoperative medical treatment was performed according to the standard recommendations, including nasal saline
irrigation, intranasal budesonide, and oral clarithromycin for three months after surgery, and patients with eCRSwNP
were suggested to receive intranasal budesonide for more than six months.22–24 A postoperative follow-up schedule was
performed for more than two years: weekly for one month, monthly for six months, every three months in the first year,
and subsequently, every six months. Recurrence was considered when CRSwNP symptoms were present despite the
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rescue regimen of antibiotics and oral steroids, and endoscopic evidence was obtained during outpatient clinic follow-up
as previously described.22,25,26

Serum ALCAM Level Detection
Non-anticoagulant peripheral venous blood samples were collected from CRSwNP patients and HCs preoperatively and
stored at room temperature for 1–2 hours. The coagulated blood samples were centrifuged, and the supernatants were
collected and stored at −80°C for subsequent experiments. All serum samples were thawed and centrifuged before use,
and the sources of the samples were blinded to the researchers who evaluated the clinical data to minimize the risk of
measurement bias. The serum ALCAM levels were quantified by a commercial ELISA kit (CUSABIO, Wuhan, China)
according to the manufacturer’s instructions. All samples were diluted at 1:20 and conducted in duplicate to improve the
assay precision.

RNA Extraction and qRT-PCR Analysis
Tissue specimens were harvested during surgery and immediately snap-frozen in liquid nitrogen. Tissue total RNA was
extracted with Ncmzol reagent (New Cell & Molecular Biotech, Suzhou, China) and quantified by a Nanodrop 2000c
(Thermo Fisher Scientific, Pittsburg, USA). RNA was reverse transcribed into cDNA using a SureScript First-strand
cDNA synthesis kit (US EVERBRIGHT, Suzhou, China). Primers for ALCAM and glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) were designed and synthesized (Ruibo Biotechnology, Guangzhou, China). qRT-PCR was
performed using 100ng of cDNA and SYBR Green qPCR Supermix (US EVERBRIGHT, Suzhou, China) following the
manufacturer’s protocols. The mRNA expression was calculated using the comparative threshold cycle (2−ΔΔCT) method.
The primers used are shown in Table S1.

Western Blotting
Collected tissue specimens were completely lysed in cell lysis buffer, followed by centrifugation and the supernatants
collection. The protein concentrations were detected of by the BCA protein kit (New Cell & Molecular Biotech, Suzhou,
China) according to the instructions. Separated the extracted protein by gel electrophoresis (Beyotime Biotech, Shanghai,
China) and blotted onto PVDF membranes (0.45 mm). The PVDF membrane were sealed with 5% non-fat milk for 1 h,
then incubated with the primary antibodies anti-ALCAM and anti-GAPDH (Affinity Biosciences, Changzhou, China)
overnight at 4 °C. Then, the membranes were incubated with corresponding HRP-conjugated (1:5000) secondary
antibody for 2 h at room temperature. The blot bands were examined by Molecular Imager Chemidoc XRS System
(UVP, Ltd., USA), and the band densities were quantified with a computerized densitometer.

IHC Staining of ALCAM
Collected tissue specimens were fixed, embedded, sectioned, and stained, and IHC analysis was conducted by utilizing
a streptavidin-biotin complex (SABC) kit (Weiao Biological Technology) as previously described.27,28 The sections were
incubated overnight at 4 °C with primary antibody against ALCAM (Affinity Biosciences, Changzhou, China), and then
incubated with an anti-rabbit secondary antibody for 30 minutes, and 3′3-diaminobenzidine (DAB) was used for
visualization. The pathological changes in nasal tissues were assessed by two senior pathologists in a double-blinded
manner. Two representative images were selected in each group and displayed at 200x and 400x magnification.

Statistical Analysis
All data were recorded as the mean ± standard deviation. For normally distributed variables, one-way analysis of
variance (ANOVA) or Student’s t-test was performed; otherwise, Kruskal–Wallis H-test or Mann–Whitney U-test was
applied. Spearman correlation tests were utilized to assess the associations between ALCAM expression and the clinical
variables. Logistic regression analysis and receiver operating characteristic (ROC) curves were performed to determine
the ability of serum ALCAM to distinguish CRSwNP endotypes and predicting postoperative recurrence. Furthermore,
based on the cutoff value, relapse-free survival curves of postoperative recurrence were constructed utilizing the Kaplan-
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Meier method. All statistical analyses were performed using SPSS statistics software version 19.0 (IBM, Chicago, IL,
USA). For all tests, P < 0.05 was regarded as statistically significant.

Results
Baseline Data of All Subjects
The demographic and clinical data of all participants are shown in Table 1. Among 120 CRSwNP patients, 70 patients
were categorized into the neCRSwNP group, and 50 patients were classified into the eCRSwNP group. The typical H&E
staining of neCRSwNP, eCRSwNP, and HC are exhibited in Figure S1. Compared to the HC and neCRSwNP groups,
patients in the eCRSwNP group exhibited a higher rate of accompanying allergic rhinitis and asthma, and higher levels of
peripheral eosinophil count and percentage (P < 0.05). The tissue eosinophil count and percentage and disease duration in
the eCRSwNP group were increased compared with those in the neCRSwNP group (P < 0.05).

Serum ALCAM Level in CRSwNP and Its Association with CRSwNP Endotypes
The ALCAM concentrations were elevated in the serum of CRSwNP patients in comparison with the HCs, and the
ALCAM levels were markedly increased in the eCRSwNP group compared with those in the neCRSwNP (Figure 1, P <
0.05). The Spearman correlation results in Table 2 showed that elevated serum ALCAM levels were correlated with the
peripheral eosinophil count (r = 0.186, P = 0.042), tissue eosinophil count (r = 0.654, P < 0.001) and percentage (r =
0.680, P < 0.001). The binary logistic regression analysis results demonstrated that the peripheral eosinophil percentage
and serum ALCAM level were associated with CRSwNP endotypes (Table 3). The ROC curves shown in Figure 2
suggested that serum ALCAM (area under the curve (AUC) = 0.747) had a stronger ability to predict CRSwNP
endotypes than the peripheral eosinophil percentage (AUC = 0.681).

Evaluation of the Predictive Value of Serum ALCAM for CRSwNP Recurrence
A total of 110 patients completed the postoperative follow-up schedule; 32 patients experienced polyp recurrence and
were categorized into the recurrent group, and the other 78 patients were included in the non-recurrent group. The
demographics and clinical characteristics in the two groups were listed in Table 4. The rate of accompanying allergic
rhinitis, tissue eosinophil count and percentage, and the percentage of eCRSwNP were higher in the recurrent group than
in the non-recurrent group (P < 0.05). The serum ALCAM levels were increased in the recurrent group compared with
the non-recurrent group, and the serum ALCAM concentrations were significantly elevated in the recurrent eCRSwNP
group compared with the non-recurrent eCRSwNP and non-recurrent neCRSwNP groups (Figure 3, P < 0.05). The binary

Table 1 The Demographic and Clinical Features of Participants

Variables HC Group (n=40) neCRSwNP Group (n=70) eCRSwNP Group (n=50) P

Age, years 41.0±10.6 41.4±10.7 41.0±11.6 0.974
Gender (male/female) 21/19 39/31 27/23 0.946

Smoking (yes/no) 12/28 18/52 15/35 0.836

BMI, kg/m2 23.0±1.4 23.0±1.9 23.2±1.7 0.794
Allergic rhinitis (yes/no) 0/40 10/60 16/34 <0.001

Asthma (yes/no) 0/40 5/65 9/41 0.009

Peripheral eosinophil count (109/L) 0.1±0.1 0.2±0.1 0.3±0.1 <0.001
Peripheral eosinophil percentage (%) 2.6±1.3 3.1±1.3 3.9±1.1 <0.001

Tissue eosinophil count (n/HPF) – 16.5±6.5 47.6±20.6 <0.001

Tissue eosinophil percentage (%) – 6.4±1.9 22.0±8.6 <0.001
Disease duration, years – 3.0±2.5 3.4±3.5 0.022

Preoperative VAS score – 5.2±1.6 5.7±1.8 0.130

Preoperative Lund-Mackay score – 18.4±3.6 18.5±3.4 0.856

Abbreviations: neCRSwNP, non-eosinophilic chronic rhinosinusitis with nasal polyps; eCRSwNP, eosinophilic chronic rhinosinusitis with nasal polyps; HC, healthy control;
BMI, body mass index; HPF, high power field; VAS, visual analogue scale.
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logistic regression analysis results in Table 5 showed that serum ALCAM levels were associated with the recurrence of
CRSwNP. The ROC curves demonstrated that serum ALCAM presented a high predictive value for CRSwNP recurrence
(Figure 4A, AUC = 0.823). Patients were classified into the low ALCAM level group (< 24.1 ng/mL) and the high
ALCAM level group (> 24.1 ng/mL) according to the cutoff value of serum ALCAM cutoff value obtained from the
ROC curve, Kaplan-Meier curves showed that these two groups exhibited significantly different rates of postoperative
recurrence (Figure 4B, P < 0.05).

ALCAM Expression in Nasal Tissues
As shown in Figure 5, the ALCAM mRNA levels were significantly increased in the CRSwNP group than the HC group
(P = 0.047), especially in the eCRSwNP group (P = 0.003). No significant difference was observed between the non-
recurrent CRSwNP group and the recurrent CRSwNP group (P = 0.162). Figures 6 and 7 showed the representative IHC
images, ALCAM staining was mainly located in the nasal epithelium and gland areas, and the numbers of ALCAM

Figure 1 Comparison of serum ALCAM levels between CRSwNP patients and HCs. (A) ALCAM levels were significantly elevated in the CRSwNP group than the HC
group. (B) Serum ALCAM levels were markedly enhanced in the eCRSwNP group than the neCRSwNP and HC groups.
Abbreviations: ALCAM, activated leukocyte cell adhesion molecule; CRSwNP, chronic rhinosinusitis with nasal polyps; HC, healthy control; eCRSwNP, eosinophilic
chronic rhinosinusitis with nasal polyps; neCRSwNP, non-eosinophilic chronic rhinosinusitis with nasal polyps.

Table 2 Relationship Between Serum ALCAM and Clinical Variables in
CRSwNP Patients

Variables r P

Age, years −0.038 0.675

BMI, kg/m2 −0.159 0.083

Peripheral eosinophil count (109/L) 0.186 0.042
Peripheral eosinophil percentage (%) 0.008 0.388

Disease duration, months 0.083 0.365

Preoperative VAS score 0.112 0.221
Preoperative Lund-Mackay score −0.149 0.104

Tissue eosinophil count (n/HPF) 0.654 <0.001

Tissue eosinophil percentage (%) 0.680 <0.001

Abbreviations: CRSwNP, chronic rhinosinusitis with nasal polyps; BMI, body mass index; VAS,
visual analogue scale; HPF, high power field.
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protein positive cells were significantly greater in CRSwNP patients in comparison with HCs, especially in eCRSwNP
patients (Figure 8A). Compared with non-recurrent CRSwNP, ALCAM expression was markedly enhanced in nasal
epithelial cells, submucosal cells, and glandular cells in the tissue of recurrent CRSwNP (Figure 8B). Moreover, Western
blotting (WB) results presented that the protein expression levels of ALCAM were enhanced in eCRSwNP patients than
neCRSwNP patients and HCs, and this difference was also observed between non-recurrent CRSwNP and recurrent
CRSwNP groups (Figure 9).

Discussion
In the present prospective study, we first detected the soluble form and membrane-bound form of ALCAM in serum
and tissue samples by ELISA, qRT-PCR and IHC, respectively, and we found that both forms of ALCAM were
markedly increased in CRSwNP, especially in eCRSwNP and recurrent CRSwNP. Moreover, we revealed that serum
ALCAM levels were correlated with the degree of mucosal eosinophil infiltration and were closely associated with
eCRSwNP and an increased risk of postoperative recurrence. Taken together, these results indicated that ALCAM

Figure 2 The ROC curves of potentially predictive biomarkers for discriminating eCRSwNP. (A) serum ALCAM; (B) peripheral eosinophil percentage.
Abbreviations: ROC, receiver operating characteristic; eCRSwNP, eosinophilic chronic rhinosinusitis with nasal polyps; ALCAM, activated leukocyte cell adhesion
molecule.

Table 3 Binary Logistic Regression Analysis of Factors Associated with eCRSwNP

Variables OR 95% CI P

Allergic rhinitis (yes/no) 1.677 0.544–5.164 0.368
Asthma (yes/no) 1.891 0.475–7.529 0.366

Peripheral eosinophil count (109/L) 3.227 0.009–1171.23 0.697

Peripheral eosinophil percentage (%) 1.627 1.079–2.452 0.020
Disease duration, years 1.074 0.928–1.242 0.339

Serum ALCAM level (ng/mL) 1.155 1.074–1.243 <0.001

Abbreviations: CRSwNP, chronic rhinosinusitis with nasal polyps; OR, odds rate; CI, confidence interval.

https://doi.org/10.2147/JIR.S350609

DovePress

Journal of Inflammation Research 2022:151068

Zhang et al Dovepress

Powered by TCPDF (www.tcpdf.org)

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


expression was associated with the development of eCRSwNP and CRSwNP recidivation, and serum ALCAM could
be a novel biomarker to distinguish endotypes and predict postoperative recurrence in CRSwNP patients.

Table 4 Demographic Characteristics Between Primary and Recurrent CRSwNP Patients

Variables Non-Recurrent Group
(n=78)

Recurrent Group
(n=32)

P

Age, years 41.2±10.9 42.0±12.0 0.750

Gender (male/female) 44/34 15/17 0.404

Smoking(yes/no), n 24/54 7/25 0.484
BMI, kg/m2 23.1±1.8 22.6±1.8 0.192

Allergic rhinitis(yes/no), n 12/66 11/21 0.022

Asthma(yes/no), n 8/70 4/28 0.743
Peripheral eosinophil count (109/L) 0.3±0.1 0.3±0.1 0.097

Peripheral eosinophil percentage (%) 3.4±1.3 3.6±1.3 0.455
Disease duration, years 3.2±2.9 3.2±3.2 0.989

Preoperative VAS score 5.3±1.7 5.7±1.8 0.315

Preoperative Lund-Mackay score 18.7±3.4 17.9±3.6 0.191
Tissue eosinophil count (n/HPF) 24.3±17.7 43.9±23.1 <0.001

Tissue eosinophil percentage (%) 10.5±7.9 18.8±10.8 <0.001

neCRSwNP/eCRSwNP 52/26 12/20 0.006

Abbreviations: neCRSwNP, non-eosinophilic chronic rhinosinusitis with nasal polyps; eCRSwNP, eosinophilic chronic rhinosi-
nusitis with nasal polyps; BMI, body mass index; HPF, high power field; VAS, visual analogue scale.

Figure 3 The serum ALCAM levels in the non-recurrent CRSwNP patients and the recurrent CRSwNP patients. (A) Serum ALCAM concentrations were elevated in the
recurrent CRSwNP group than the non-recurrent CRSwNP group. (B) Serum ALCAM levels were significantly enhanced in the recurrent eCRSwNP group than the non-
recurrent eCRSwNP and non-recurrent neCRSwNP groups.
Abbreviations: ALCAM, activated leukocyte cell adhesion molecule; CRSwNP, chronic rhinosinusitis with nasal polyps; HC, healthy control; eCRSwNP, eosinophilic
chronic rhinosinusitis with nasal polyps; neCRSwNP, non-eosinophilic chronic rhinosinusitis with nasal polyps.
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ALCAM is a type I transmembrane molecule expressed on several immune and non-immune cells, especially dendritic
cells (DCs), and it plays a major role in mediating the immune response.29–31 Growing evidence has demonstrated that
ALCAM is overexpressed in malignant tumors, inflammatory diseases, and autoimmune diseases, and the soluble form of
ALCAM has increasingly utilized as a biomarker in the diagnosis, disease progression, and prognosis in various clinical
disorders.14,32,33 A recent publication found that urinary soluble ALCAM levels were increased in systemic lupus erythe-
matosus patients and that elevated ALCAM concentrations closely associated with disease activity and the occurrence of
lupus nephritis.34 Kim et al13 reported that ALCAM expression was enhanced in the serum and lung tissue of allergic asthma
models and the sputum and serum of asthma patients, and they speculated that ALCAM might be a potential target. In the
present study, we revealed that the ALCAM level was increased in both serum and tissue samples of CRSwNP patients and
differentially expressed in eCRSwNP and neCRSwNP. The statistical analysis results demonstrated that serum ALCAM
exhibited promising value in predicting CRSwNP endotypes. Therefore, we speculated that ALCAM played a crucial role in
eosinophilic inflammation in CRSwNP and contributed to the development of eCRSwNP, but the underlying mechanism
remained uncertain. The Th2 cytokines mediated immune response is predominates in the pathogenesis of CRSwNP, and
tissue eosinophil infiltration is closely related to the pathological feature of eCRSwNP.8,10,35 ALCAM is an essential molecule
for stabilizing the immunological synapses (ALCAM-CD6) between DCs and T cells and promoting DC-mediated T cell

Figure 4 The ROC curve (A) and Kaplan-Meier survival analysis (B) for serum ALCAM level in the prediction of CRSwNP recurrence.
Abbreviations: ROC, receiver operating characteristic; ALCAM, activated leucocyte cell adhesion molecule; CRSwNP, chronic rhinosinusitis with nasal polyps.

Table 5 Binary Logistic Regression Analysis of Factors Associated with the Recurrence of
CRSwNP

Variables OR 95% CI P

Allergic rhinitis (yes/no) 2.549 0.816–7.961 0.107

Tissue eosinophil count (n/HPF) 1.053 0.990–1.120 0.103

Tissue eosinophil percentage (%) 0.887 0.751–1.048 0.160
neCRSwNP/eCRSwNP 1.642 0.282–9.542 0.581

Serum ALCAM level (ng/mL) 1.233 1.099–1.383 <0.001

Abbreviations: CRSwNP, chronic rhinosinusitis with nasal polyps; OR, odds rate; CI, confidence interval.
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polarization toward Th2.12,15 When the nasal mucosa is exposed to irritants, allergens and bacteria, the allergens are captured
by DCs, and the expression of ALCAM is enhanced. Elevated levels of ALCAM promote DC activation and Th2 immune
response, and then aggravate tissue eosinophilic inflammation.4,36,37 Furthermore, the overexpression of ALCAM in nasal
polyps could infiltrate into peripheral blood as a soluble form and increase circulating levels of ALCAM, and the elevated
serum ALCMA, in turn, can promote the recruitment of eosinophils into local tissue (Figure 10).

Currently, functional endoscopic sinus surgery remains the mainstream choice when the first line of medical
treatment is ineffective in CRSwNP patients.38–40 Although there is a significant improvement in symptoms and
quality of life, a large number of patients respond poorly and suffer a high risk of recurrence, especially in
eCRSwNP cases.37,41,42 Therefore, predicting the recurrence of CRSwNP is challenging and urgently needed in
clinical rhinology. Although several methods and indicators have been reported to be associated with postoperative
recurrence, including computed tomography25 and peripheral eosinophilic and basophilic trends,40 there is no
objective biomarker with high sensitivity and specificity currently available in clinical practice. Here, we observed
that ALCAM levels were significantly enhanced in the serum and tissue of the recurrent CRSwNP group,
particularly in recurrent eCRSwNP patients. Additionally, the statistical analysis results showed that serum
ALCAM was closely associated with postoperative recurrence. Prior publications have identified that the degree
of Th2 inflammation and eosinophil infiltration in tissue were closely correlated with postoperative recurrence in
CRSwNP.10,43,44 In our study, we found that the elevated serum ALCAM levels were positively correlated with
blood and tissue eosinophilia, and the rate of eCRSwNP was higher in the recurrent group, which suggested that
ALCAM might promote eosinophilia and be involved in recurrence. Recent publications have revealed that soluble
ALCAM is an inflammatory biomarker and it is associated with eosinophilic inflammation in asthma and allergic
rhinitis.16,18 High concentrations of ALCAM in peripheral blood promote DC-dependent Th2 inflammatory
responses and enhance tissue eosinophilia, resulting in a poor prognosis and a high risk of recidivation
(Figure 10). All the above results implied that serum ALCAM seemed to be a powerful biomarker for preopera-
tively predicting recurrence in CRSwNP patients.

Some weaknesses should be mentioned in our study. First, this study was limited to a small sample size in a single
medical center among patients with the same ethnicity in Changsha, which may increase the risk of selection bias and

Figure 5 Comparison of ALCAM mRNA levels in the tissue of CRSwNP patients and HCs. (A) ALCAM mRNA expressions were elevated in the CRSwNP group than the
HC group. (B) ALCAM mRNA levels were significantly increased in the eCRSwNP group than the neCRSwNP group. (C) no significant difference was observed in mRNA
levels between the non-recurrent CRSwNP group and the recurrent CRSwNP group.
Abbreviations: ALCAM, activated leukocyte cell adhesion molecule; CRSwNP, chronic rhinosinusitis with nasal polyps; HC, healthy control; eCRSwNP, eosinophilic
chronic rhinosinusitis with nasal polyps; neCRSwNP, non-eosinophilic chronic rhinosinusitis with nasal polyps.
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influence its generalization. Second, there is a lack of international consensus on the diagnostic criteria for eCRSwNP
and recurrent CRSwNP. Last, the period of follow-up was relatively short, which may weaken the conclusions. Further
nationwide studies with a larger sample size and unified diagnostic criteria are needed to confirm and investigate the role
of ALCMA in CRSwNP.

In conclusion, we confirmed an association between ALCAM and CRSwNP. We demonstrated that ALCAM was
upregulated and associated with mucosal eosinophilia and CRSwNP recurrence. Our findings also suggested that serum
ALCAM could be an effective biomarker to distinguishendotypes and predict postoperative recurrence in CRSwNP
patients and provide a novel intervention target to improve precision treatment.

Figure 6 The ALCAM protein expression in the tissue based on IHC. Representative images of ALCAM staining from HCs (A and B), eCRSwNP patients (C and D) and
neCRSwNP patients (E and F).
Abbreviations: ALCAM, activated leukocyte cell adhesion molecule; HC, healthy control; eCRSwNP, eosinophilic chronic rhinosinusitis with nasal polyps; neCRSwNP, non-
eosinophilic chronic rhinosinusitis with nasal polyps; IHC, immunohistochemistry.
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Figure 7 The ALCAM protein expression in the nasal polyps tissue based on IHC. Representative images of ALCAM staining from non-recurrent CRSwNP patients (A and
B) and recurrent CRSwNP patients (C and D).
Abbreviations: ALCAM, activated leukocyte cell adhesion molecule; CRSwNP, chronic rhinosinusitis with nasal polyps; IHC, immunohistochemistry.

Figure 8 Quantitative analysis of ALCAM immunoreactivity in nasal poly and HC samples. (A) ALCAM positive cell number was significantly greater in the eCRSwNP group
than the neCRSwNP and HC groups. (B) ALCAM positive cell number was significantly greater in the recurrent CRSwNP group than the non-recurrent CRSwNP group
and.
Abbreviations: ALCAM, activated leukocyte cell adhesion molecule; CRSwNP, chronic rhinosinusitis with nasal polyps; HC, healthy control; eCRSwNP, eosinophilic
chronic rhinosinusitis with nasal polyps; neCRSwNP, non-eosinophilic chronic rhinosinusitis with nasal polyps.
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Abbreviations
CRSwNP, chronic rhinosinusitis with polyps; ALCAM, activated leukocyte cell adhesion molecule; HCs, healthy
controls; ELISA, enzyme-linked immunosorbent assay; qRT-PCR, quantitative real-time polymerase chain reaction;
IHC, immunohistochemistry; ROC, receiver operating characteristic; CRS, chronic rhinosinusitis; CRSsNP, chronic
rhinosinusitis without nasal polyps; H&E, hematoxylin and eosin; HPF, high-power fields; SABC, streptavidin-biotin
complex; DAB, diaminobenzidine; AUC, area under the curve; ANOVA, one-way analysis of variance.

Data Sharing Statement
The datasets used and/or analyzed during the current study are available from the corresponding author on reasonable
request.

Figure 9 The ALCAM protein expression in the tissue based on WB. (A) WB images of ALCAM among eCRSwNP, neCRSwNP and HC groups. (B) WB images of ALCAM
between the recurrent CRSwNP and non-recurrent CRSwNP groups. (C) comparison of ALCAM relative protein level among eCRSwNP, neCRSwNP and HC groups. (D)
comparison of ALCAM relative protein level between the recurrent CRSwNP and non-recurrent CRSwNP groups.
Abbreviations: ALCAM, activated leukocyte cell adhesion molecule; WB, Western blotting; CRSwNP, chronic rhinosinusitis with nasal polyps; HC, healthy control;
eCRSwNP, eosinophilic chronic rhinosinusitis with nasal polyps; neCRSwNP, non-eosinophilic chronic rhinosinusitis with nasal polyps.
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Figure 10 Hypothetical model showing association between ALCAM expression and eosinophil infiltration and recurrence in CRSwNP. On allergens derived from irritants
and bacteria challenge, DCs were activated and the production of ALCAM was increased, releasing its soluble form (sALCAM). This promoted the ALCAM–CD6
interactions and enhanced Th2 immune responses, then induced the eosinophil tissue infiltration and aggravation of eosinophilic inflammation, resulting in tissue eosinophilia
and recurrence in CRSwNP.
Abbreviations: ALCAM, activated leukocyte cell adhesion molecule; CRSwNP, chronic rhinosinusitis with nasal polyps; DC, dendritic cell; sALCAM, soluble activated
leukocyte cell adhesion molecule.
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