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Histopathological features of antrochoanal polyps in Chinese 
patients*

Background: The pathogenesis and etiology of antrochoanal polyps (ACP) are unclear. The aim of this study is to characterize the 

features of inflammatory cellular infiltration, the epithelial remodeling patterns and their associations to clinical parameters in 

ACP.

Methods: A detailed histological study employing classic immunohistochemistry was performed. 33 ACPs, 49 classic bilateral 

nasal polyps (BNP) and 50 controls were obtained. The histological patterns and inflammatory cells infiltration were evaluated and 

analyzed for associations with clinical characteristics.

Results: Less severe epithelial hyperplasia and goblet cell hyperplasia were found in ACP compared to BNP. In ACP, 87.9% of 

cases demonstrated neutrophilia. Elevated proportions of macrophages and CD8+ T cells, and elevated infiltration of mast cells 

was observed. Eosinophil infiltration was found to be positively corelated with a history of asthma; macrophages proportion was 

analyzed to have a significantly negative correlation with epithelial hyperplasia and goblet cell hyperplasia; the infiltration of CD8+ 

T cell and squamous metaplasia were found to have a positive correlation.

Conclusion: Inflammation potentially has important roles in ACP. ACP may differ in its pathogenesis from classic bilateral nasal 

polyps.
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Introduction
The antrochoanal polyp (ACP) is a common benign sinonasal 

condition. It is defined as the maxillary sinus polyp originating 

from the maxillary sinus mucosa, passing through the ostium, 

and extending into the choana (1,2). It comprises 4-6% of nasal 

polyps and epidemiologically it affects more children and young 

adults (3). ACPs are invariably unilateral, and bilateral cases are 

extremely rare (1-4). Considerable efforts have been made to re-

search into the molecular and cellular basis of bilateral nasal po-

lyps (BNP) during the last 2 decades. Conversely little is known 

about the pathogenesis and etiology of antrochoanal polyps. 

This may be because of its relatively low incident rate (1,5). 

Epithelial remodeling is an important feature of airway disea-

ses, and epithelial hyperplasia, hyperplasia of goblet cells and 

squamous metaplasia are forms of abnormal epithelial remode-

ling (6,7). Additionally, both the innate immune response and the 

adaptive immune system contribute to the chronic inflamma-

tion in patients with nasal polyps (8). Epithelial remodeling has 

been well studied in the lower respiratory tract (9,10) and some 

upper respiratory tract diseases such as bilateral nasal polyps (11) 

and nasal inverted papilloma (12), but not in antrochoanal polyps, 

regardless of ethnicity. Comprehensive inflammatory cell 

studies have been performed to understand the pathogenesis 

of nasal polyps (11,13) and guide clinical therapies (14), but such 

studies in ACP are lacking.
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In light of the paucity of ACP research, we conducted a com-

prehensive histological study of a relative large sample size of 

Chinese ACP, to determine the features of inflammatory cellular 

infiltration, the epithelial remodeling patterns, their associations 

with clinical parameters, and compare those with bilateral nasal 

polyps and controls. 

Materials and methods
Patients and samples
Patients with biopsy-proven unilateral antrochoanal polyps 

(n=33) and bilateral nasal polyps (n=49), who subsequently 

underwent endoscopic nasal surgery, were recruited from the 

Department of Otolaryngology in the Second Affiliated Hospital 

of Shandong University, Shandong, China. Inferior turbinate (IT) 

biopsies were obtained from subjects (n=50) with symptomatic 

nasal septal deviation requiring septoplasty surgery and served 

as controls. None of the controls had chronic rhinosinusitis with 

or without NP. Atopy was confirmed by either serum speci-

fic immunoglobulin E (IgE) test or skin prick test to common 

aero-allergens. Asthma was defined as self-reported physician-

diagnosed asthma. History of recurrence was obtained during 

history taking and confirmed by intraoperative endoscopic 

evidence of prior nasal surgery. Smokers are defined as current 

cigarette smokers who consume one or more packs of cigaret-

tes a day, averaged over 1 year. Fresh specimens obtained were 

fixed in formalin and embedded in paraffin for histological 

evaluation. Approval for this study was obtained from the insti-

tutional review board (IRB) of the Second Affiliated Hospital of 

Shandong University, China.

Hematoxylin and eosin staining and immunohistochemical 
study
Biopsy samples (antrochoanal polyps, bilateral nasal polyps 

and controls) were fixed in formalin, embedded in paraffin and 

sectioned at 4 μm. Patterns of epithelial hyperplasia in biopsy 

specimens were evaluated based on hematoxylin and eosin 

(H&E) stained slides. Immunohistochemistry of a rabbit anti-

human MUC5AC polyclonal antibody (Santa Cruz, Dallas, TX, 

USA), a marker of goblet cell, was performed to confirm the 

presence of goblet cell hyperplasia. Immunohistochemistry of a 

mouse monoclonal anti-human Involucrin [Clone SY5](Abcam, 

Cambridge, United Kingdom), a marker of squamous metapla-

sia, was performed when the presence of squamous metaplasia 

was uncertain.

Eosinophils were highlighted by H&E staining. Other inflam-

matory cell infiltration patterns were detected by immunohis-

tochemical staining. The specific cellular marker and antibody 

information were: mouse monoclonal anti-human neutrophil 

elastase [clone NP57](Dako, Glostrup, Denmark) for neutrophils, 

mouse monoclonal anti-human CD68 [clone KP1](Abcam, Cam-

bridge, United Kingdom) for macrophages, mouse monoclonal 

anti-human Mast cell tryptase [clone AA1](Abcam, Cambridge, 

United Kingdom) for mast cells, mouse monoclonal anti-human 

CD4 [clone 4B12](Dako, Glostrup, Denmark) for helper T cells, 

mouse monoclonal anti-human CD8 [clone C8/144B](Thermo 

Scientific, Fremont, CA) for cytotoxic T cells, and mouse mono-

clonal anti-human Foxp3 [clone,236A/E7](Abcam, Cambridge, 

United Kingdom) for regulatory T cells. Tissues were embedded 

in paraffin and sectioned at 4 mm with a Leica microtome (Leica, 

Wetzlar, Germany). 

For immunohistochemistry, the cellular markers were stained by 

using a modified horseradish peroxidase (HRP) technique with 

the DakoCytomation EnVision + System-HRP (Dako). Sections 

were preheated with Target Retrieval Buffer (Dako) and were 

incubated with the primary antibodies at respective optimized 

dilution at 40C overnight. Then the slides were incubated with 

Dako EnVision+System-HRP (Dako) at room temperature for 30 

minutes. Diaminobenzidine was used as a substrate for color 

development. All slides were counterstained with hematoxylin.

RNA extraction and quantitative real-time PCR
Total RNA was extracted from frozen ACP, BNP and health control 

tissues in RNAlater using the mirVanaTM isolation kit (Applied 

Biosystems). 1 μg of total RNA was reverse transcribed with the 

TaqMan Reverse Transcription Reagents Kit (Applied Biosystems) 

according to the manufacturer’s protocol. The expression level 

of FOXP3 was evaluated by using SYBR Green gene expression 

assays (Promega, Madison, WI, USA). Relative gene expression 

was calculated using the comparative 2-∆∆Ct method with the 

housekeeping gene (glyceraldehyde-3-phosphate dehydro-

genase, GAPDH). FOXP3 and GAPDH amplification were perfor-

med with following primers: FOXP3 forward (5'-ACATTCCCA-

GAGTTCCTC-3'), FOXP3 reverse (5'-AGATCTCATTGAGTGTCCG-3'). 

GAPDH forward (5'-ACAGTTGCCATGTAGACC-3'), and GAPDH 

reverse (5'- TTTTTGGTTGAGCACAGG-3').

Evaluation of epithelium patterns
With regards to the evaluation of epithelial hyperplasia, an arbi-

trary scoring system was developed: score 1, normal epithelium 

(pseudostratified ciliated columnar epithelium) or no obvious 

hyperplastic epithelial structure (the layer of epithelial cells is 

≤4); score 2, mild epithelial hyperplasia (the layer of epithelial 

cells is >4 but ≤8); score 3, moderate epithelial hyperplasia (the 

layer of epithelial cells is >8 but ≤16); score 4, severe epithelial 

hyperplasia (the layer of epithelial cells is >16).

Goblet cell hyperplasia was defined as the presence of 2 or more 

layers of goblet cells in the epithelium. 

Squamous metaplasia was identified in specimens where the 

epithelium lacked the pseudostratified columnar epithelial 

structure and associated with the absence of goblet cells and 

cilia concurrently (these cells were replaced by squamous epi-

thelium). 
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lysis was used to assess the correlations between two selected 

parameters from clinical characteristics, epithelial hyperplasia 

and inflammatory cells infiltration. Statistical significance was 

determined by a p-value of less than 0.05.

Results 
Patient characteristics
The clinical characteristics are summarized in Table 1. The 

median age of ACP was 15 years old which was much younger 

than 49 years old in BNP. Both ACP and BNP were male predo-

minant in this study. In BNP, 34.7% (n=17) and 20.4% (n=10) of 

cases were associated with atopy and asthma respectively, but 

only 12.1% (n=4) and 6.06% (n=2) of ACP patients were atopic 

and asthmatic respectively. 27.3% of ACP cases had a history of 

recurrence, and in BNP it was 22.4%.

Prevalence of epithelial remodeling
All three types of epithelial remodeling (epithelial hyperplasia, 

goblet cell hyperplasia and squamous metaplasia) were found 

in ACP (Figure 1). According to our epithelial hyperplasia scoring 

system, 39.4% of ACP cases were classified as score 2 and were 

the largest proportion; whereas in BNP, 47.8% of the cases were 

score 4 and comprise the largest population. Epithelial hyper-

plasia in BNP was much more severe than in ACP (p=0.004) 

although ACP’s epithelial hyperplasia was still more severe than 

the control’s (p<0.001). Goblet cell hyperplasia was common in 

BNP epithelium and was observed in 78.3% of BNP cases. Howe-

ver, only 45.5% (n=15) of ACP cases had goblet cell hyperplasia 

in their epithelium, which was significantly less frequently seen 

compared to patients with BNP (P=0.003). With regards to squa-

mous metaplasia, no significant difference was found between 

ACP and BNP (Table 2).

Inflammatory cellular infiltration in two types of nasal 
polyps
87.9% (29 out of 33) of ACP tissues demonstrated neutrophilia, 

and in BNP, neutrophilic polyps comprise 42.9% (21 out of 49) of 

the study population (p<0.001). Meanwhile, only 15.2% (5 out of 

33) of patients with ACP showed tissue eosinophila, which was 

significantly lower than the 71.4% (35 out of 49) in patients with 

BNP (p<0.001) (Table 2).

The median percentages of the types of inflammatory cells are 

described in Table 3. In ACP, the most common infiltrating cells 

were neutrophils (median of 38.3% of all inflammatory cells), fol-

lowed by CD8+ T cells (17.1%), macrophages (13.8%), CD4+ T cells 

(12.9%), mast cells (3.6%) and eosinophils (3%). The ratio of CD4+ 

T cells to CD8+ T cells was 0.92, and Foxp3+ T-reg cells positive 

staining were observed and were 0.76 of all inflammatory cells 

in ACP. In BNP, the most common infiltrating cells were eosi-

nophils (median of 24.2% of all inflammatory cells), followed by 

CD8+ T cells (16.8%), macrophages (11.5%), CD4+ T cells (11.4%), 

Evaluation of inflammatory cell patterns
For each sample, the highest densities of inflammatory cell 

infiltration, as assessed by low-power microscopic examination, 

were chosen for high-power examination. Three high-power 

field (HPFs) (400×magnification) and at least 300 leukocytes 

were examined under the microscope. Structural cells including 

epithelial cells, fibroblasts, glandular cells, and endothelial cells 

were not counted. The proportion of each type of cell in the 

three HPFs with respect to the total number of inflammatory 

cells were calculated using the following formula: Proportion 

of type of cell = (n1 + n2 + n3)/(m1 + m2 + m3) × 100%, where 

n1, n2 and n3 were the numbers of the type of inflammatory 

cell investigated in question in three HPFs, and m1, m2 and m3 

were the number of inflammatory cells in these three HPFs. 

Two researchers independently evaluated each section. Where 

discrepancies in evaluation arose, a blinded third researcher 

evaluated the section independently, followed by discussion 

with both researchers to resolve the discrepancy.

Specimens were categorized as eosinophilic or neutrophilic 

whereby the proportion of eosinophils or neutrophils, respec-

tively, exceeded 10% of the total number of inflammatory cells. 

This cutoff was chosen because the median proportions of these 

two types of inflammatory cells hovered around 10% of all in-

flammatory cells in our preliminary study. This cutoff value was 

in line with other studies that classified polyps into eosinophilic 

or neutrophilic polyps, based on which of these two types of 

cells were found in higher proportions.

Statistical analysis
All statistical analyses of data were conducted using SPSS 

statistical software version 22.0 (SPSS Inc., Chicago, IL, USA). 

Mann-Whitney U test and chi-square test were employed to 

assess for differences between groups. The Spearman rank ana-

Table 1. Demographics and clinical characteristics of patients.

ACP (n = 33) BNP (n = 49) Controls (n = 50)

Gender 
(Male/female)

27/6 37/12 43/7

Age * (years) 15 (9.5-26.5) 49 (38.5-56) 32 (19-47)

Atopy # 4 (12.1%) 17 (34.7%) 9 (18.0%)

Asthma § 2 (6.06%) 10 (20.4%) 0

Recurrence 9 (27.3%) 11 (22.4%) NA

Smoking ¶ 4 (12.1%) 18 (36.7%) 8 (16.0%)

* Age is presented as the median and the 25th-75th percentiles (inter-

quartile range) in parenthesis. # By either positive serum specific immu-

noglobulin E (IgE) test or positive skin prick test to common allergens. 
§ By self-reported physician-diagnosed asthma. ¶ History of cigarette 

smoking up to 4 weeks before surgery. ACP = antrochoanal polyps; BNP 

= bilateral nasal polyps; NA = not applicable.
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neutrophils (7.7%) and mast cells (5.3%). The ratio of CD4+ T cells 

to CD8+ T cells was 0.68, and Foxp3+ T-reg cells positive staining 

were observed (2.06% of all inflammatory cells) in BNP.

Figures 2 and 3 show typical inflammatory cells infiltration in 

three types of tissues. The median proportion of neutrophils 

(38.3% vs 7.7%, 38.3% vs 1.9%) was significantly higher in ACP 

compared to BNP and controls (both p<0.001). The median 

proportions of macrophages (13.8% vs 6.6%, p<0.001) and CD8+ 

T cells (17.1% vs 13.1%, p<0.01) were significantly higher in ACP 

compared to controls, but no significant differences were found 

between ACP and BNP. Eosinophil infiltration in ACP was signifi-

cantly lower compared to BNP (3.0% vs 24.2%, p<0.001) but still 

significantly higher than controls (3.0% vs 0.34%, p<0.001). Mast 

cells and Foxp3+ T-reg cells infiltration in ACP were significantly 

lower compared to both BNP (3.6% vs 5.3%, p<0.01; 0.76 % vs 

2.06%, p<0.01) and Control (3.6% vs 7.1%, p<0.001; 0.76 % vs 

1.3%, p<0.01).

Quantitative PCR evaluation
FOXP3 showed higher expression levels in BNP than in ACP and 

control subjects, despite a lack of significant difference (p=0.31 

and p=0.19, respectively; Figure 3).

Relationships of clinical characteristics and histopathologi-
cal features in ACP
In ACP, eosinophil infiltration was found to be positively correla-

ted with the history of asthma (r = 0.378, p = 0.026). The percen-

tage of macrophage in ACP tissues had a significantly negative 

correlation with epithelial hyperplasia (r = - 0.503, p = 0.003) and 

goblet cell hyperplasia (r = - 0.511, p = 0.002). The infiltration of 

CD8+ T cell and squamous metaplasia had a positive correlation 

(r = 0.346, p = 0.048). No other statistically significant relation-

ships in ACP were found between the types and proportions 

of inflammatory cells and clinical characteristics or epithelial 

remodeling listed in Table 1 and Table 2.

Figure 1. Four types epithelium stained with H&E staining. All the photos are taken under a light microscope at ×400 magnification. A) (1) Epithelial 

hyperplasia from ACP, (2) Epithelial hyperplasia from BNP, (3) Non-remodeling epithelium from controls; B) (1) Goblet cell hyperplasia from ACP, (2) 

Goblet cell hyperplasia from BNP, (3) MUC5AC staining from controls; C) (1) Squamous metaplasia from ACP, (2) Squamous metaplasia from BNP, (3) 

Involucrin staining from controls, (4) Squamous metaplasia - Involucrin staining from nasal inverted papilloma.
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Discussion
In this study, we conducted a comprehensive microscopic exa-

mination of ACP from Northern China, and established several 

important clinical and histological features and their associati-

ons. We also compared these parameters in ACP with BNP and 

Control.  We recognize that Control tissues should be ideally 

taken from the maxillary antrum (postulated origin of ACP).  

Unfortunately this is ethically unsound in patients with non-

diseased sinuses, hence biopsies of inferior turbinate mucosa 

were obtained as controls. A moderate epithelial hyperplasia 

(score 2) was the most common forms of epithelial change in 

the ACPs. A variety of inflammatory cell types were infiltrated in 

the ACP mucosa, with neutrophils being the dominant inflam-

matory cell type.

It is known that ACPs most commonly occur in children and 

young adults (1). Recently, a study from South Korea found that 

Table 2. Histopathology features in ACP, BNP and controls.

ACP 
(n = 33)

BNP 
(n = 49)

Controls 
(n = 50)

ACP vs. BNP 
P Value

ACP vs. IT 
P Value

BNP vs. IT 
P Value

Epithelial hyperplasia *,# 0.004 < 0.001 < 0.001

    Score 1 4 (12.1%) 3 (6.5%) 40 (80%)

    Score 2 13 (39.4%) 4 (8.7%) 10 (20%)

    Score 3 8 (24.2%) 17 (37.0%) 0

    Score 4 8 (24.2%) 22 (47.8%) 0

Goblet cell hyperplasia § 15 (45.5%) 36 (78.3%) 4 (8%) 0.003 < 0.001 < 0.001

Squamous metaplasia ¶ 5 (15.2%) 9 (19.6%) 0 NS 0.018 0.003

Eosinophil and neutrophil

    Eosinophilia **  5 (15.2%) 35 (71.4%) 2 (4%) < 0.001 NS < 0.001

    Neutrophilia ## 29 (87.9%) 21 (42.9%) 3 (6%) < 0.001 < 0.001 < 0.001

* Three bilateral nasal polyps tissue samples with poor epithelial structure were not evaluated. # For the evaluation of epithelial hyperplasia, an arbi-

trary scoring system was developed: score 1, normal or no obvious hyperplastic epithelial structure (the layer of epithelial cells is ≤4); score 2, mild 

epithelial hyperplasia (the layer of epithelial cells is >4 but ≤8); score 3, moderate epithelial hyperplasia (the layer of epithelial cells is >8 but ≤16); 

score 4, severe epithelial hyperplasia (the layer of epithelial cells is >16). § Goblet cell hyperplasia was defined as 2 or more 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 cilia and was replaced by squamous epithelium. ** Infiltration of eosinophils in nasal tissues was categorized as eosino-

philia when the percentage of eosinophils exceeded 10%. ## Infiltration of neutrophils in nasal tissues was categorized as neutrophilia when the per-

centage of neutrophils exceeded 10%. ACP = antrochoanal polyps; BNP = bilateral nasal polyps; NS = not significant.

Inflammatory or im-
mune cell percentage 

or ratio *

ACP 
(n = 33)

BNP 
(n = 49)

Controls 
(n = 50)

ACP vs. BNP
P Value

ACP vs. IT
P Value

BNP vs. IT
P Value

Eosinophil 3.0 (0.83, 7.7) 24.2 (7.5, 45.3) 0.34 (0.0, 1.9) < 0.001 < 0.001 < 0.001

Neutrophil 38.3 (17.5, 58.0) 7.7 (3.2, 22.1) 1.9 (0.72, 4.1) < 0.001 < 0.001 < 0.001

Macrophage 13.8 (8.2, 19.0) 11.5 (7.4, 15.0) 6.6 (4.4, 7.7) NS < 0.001 < 0.001

Mast cell 3.6 (2.7, 6.0) 5.3 (3.8, 8.3) 7.1 (5.6, 10.7) < 0.01 < 0.001 NS

CD4+ T cell 12.9 (10.0, 17.9) 11.4 (8.0, 14.4) 16.5 (11.9, 20.0) NS NS < 0.001

CD8+ T cell 17.1 (11.1, 22.7) 16.8 (12.4, 24.0) 13.1 (9.9, 15.5) NS < 0.01 < 0.001

CD4+ / CD8+ ratio 0.92 (0.54, 1.10) 0.68 (0.54, 0.84) 1.11 (1.03, 1.46) < 0.01 < 0.001 < 0.001

Regulator T cell (Foxp3+) 0.76 (0.43, 1.25) 2.06 (0.38, 3.38) 1.3 (0.75, 2.1) < 0.01 < 0.01 NS

Table 3. Immunopathological features of ACP, BNP and controls.

* Percentages and ratios are presented as the median and the 25th-75th percentiles (interquartile range) in parenthesis. ACP = antrochoanal polyps; 

BNP = bilateral nasal polyps; NS = not significant.
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approximately 40% of their ACP cases were between 30 and 

65 years (5), and claimed that ACPs may manifest at any age. In 

our study, although the median age of 33 ACP patients was 15 

years old, we do have 12 ACP cases older than 18 ranging from 

22 to 39 years old, and one patient as old as 79. Therefore, the 

findings in our study were consistent with previous reports (1,5,15-

17). Several previous studies reported a male predominance in 

ACP (5,15-17), and our data confirmed this characteristic in Chinese 

ACP cases. Allergic background of ACP patients was reported in 

some cases but no association was found between them (18,19).

We have identified 4 allergic ACP cases in our study, but no sta-

tistical significant correlations were found between allergy and 

histological features, therefore it seems that in these 4 cases, the 

allergic process may be coincident with the polyps but did not 

significantly contribute to their pathogenesis. However, asthma 

background in our study was found to be positively correlated 

with eosinophil infiltration in mucosa, which might imply that 

asthma does not significantly contribute to the pathogenesis 

of ACP because of the low infiltration of eosinophils in most 

mucosa of ACP. The generally accepted treatment of ACPs is en-

doscopic surgical removal because of its shorter recovery time 

and relatively few side effects (3). Recurrence of ACPs is often 

postulated to be due to the regrowth of any missed residual 

polypoid lesions within the maxillary sinus (20). In this study, the 

recurrence rate of ACPs was 27.3%, but because the previous 

surgeries of the recurrent patients were not performed in our 

hospital, details and circumstances of the previous operations 

cannot be found and verified. However, no statistical significant 

relationships were found between recurrence and the types 

and proportions of inflammatory cells or epithelial remodeling 

in ACPs. This is in contrast to eosinophilic infiltration in mucosa, 

which was found to predict nasal polyp recurrence in BNP (21). 

This may imply a very different inflammatory pathogenesis 

between ACP and BNP.

Epithelial hyperplasia involves excessive proliferation of basal 

cells inclining towards cellular renewal, at the expense of dif-

ferentiation. This leads to an imbalance of ciliated and secretory 

cells and may affect mucociliary clearance and other functions 

Figure 2. Infiltration and distribution of eosinophils (A), neutrophils (B), macrophages (C) and mast cells (D) in antrochoanal polyps (ACPs), bilateral 

nasal polyps (BNPs) and controls. Original magnification 400× (scale bar = 50 μm). Comparisons of inflammatory cell counts between groups were 

made by Mann-Whiney two-tailed test (E–H). Scatter dot plots were shown with median and interquartile range values.
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of nasal mucosa (22). Epithelial hyperplasia and goblet cell hyper-

plasia are typical histopathological features of nasal polyps (11,23). 

In this study, ACPs showed less severe epithelial hyperplasia and 

goblet cell hyperplasia compared to BNPs, and interestingly, 

the increased infiltration of macrophages in ACP mucosa had a 

significantly negative correlation with epithelial hyperplasia (r 

= - 0.503, p = 0.003) and goblet cell hyperplasia (r = - 0.511, p = 

0.002). As macrophage polarization is increasingly recognized as 

an important pathogenetic factor in inflammatory and neoplas-

tic diseases (24), macrophages in ACP might play a protective role 

in its pathogenesis. Squamous metaplasia represents a particu-

larly severe form of nasal epithelial remodeling as there was a 

complete loss of cilia and goblet cells, and the associated loss of 

the fundamental features of nasal epithelium: mucus production 

and ciliary clearance (11). An association was established in this 

study that the infiltration of CD8+ T cell was positively associa-

ted with squamous metaplasia in ACP that might promote the 

understanding of the pathophysiologic significance of epithelial 

remodeling in antrochoanal polyps.

Research in CRS showed that eosinophilic CRS could be associ-

ated with steroid responsiveness; whereas neutrophilic polyps 

are less sensitive to glucocorticosteroids (GCSs) (14). Mucosal eosi-

nophilia may help predict recurrence of nasal polyp (21). All these 

data serve to remind us that immunopathological studies in ACP 

is important and necessary. Tissue eosinophilia and neutrophilia 

in nasal polyps, especially BNP exhibits significant geographic 

and ethnic differences: pronounced eosinophilic infiltration is 

predominant in Western white patients, whereas bilateral nasal 

polyps in East Asia presents with more mucosal neutrophilia (21). 

A study (25) of 8 ACP patients from Europe showed low eosinop-

hils and high neutrophils infiltration in mucosa, which is in line 

with eosinophils and neutrophils infiltration patterns in our 

study. Currently, no different patterns of mucosa eosinophilia 

and neutrophilia were found to be associated with geographic 

and ethnic differences.

Recently, a subset of mast cells was reported to found in 

bilateral nasal polyps’ glandular epithelial cells that produced 

tryptase, carboxypeptidase A3, and chymase (26). Because chy-

Fig. 3. Infiltration and distribution of T cell subsets including CD4+ T cells (A), CD8+ T cells (B) and FoxP3+ T-reg cells(C) in antrochoanal polyps (ACPs), 

bilateral nasal polyps (BNPs) and controls. Original magnification 400× (scale bar = 50 μm). Comparisons of inflammatory cell counts be among 

groups were made by Mann-Whiney two-tailed test (D–G). Scatter dot plots were shown with median and interquartile range values.
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mase is a known inducer of mucus, it is hypothesized that these 

specialized mast cells may play a role in the overproduction of 

mucus commonly seen in bilateral nasal polyps (26). We found a 

lower rate of goblet cell hyperplasia and less infiltration of mast 

cells in ACP compared to BNP, but no significant correlation was 

found between mast cells infiltration and goblet cell hyperplasia 

in ACP. Therefore, the causal relationship between the two in 

ACP needs to be explored and dissected further.

Studies on regulatory T (Treg) cells are arising in recent years, 

but the role of Treg cells in CRS is still controversial (8). Some 

studies showed that Treg cells were impaired in CRSwNP, thus 

leading to an imbalance in pro-inflammatory and anti-inflam-

matory responses (27,28). But some studies reported increased 

number of Treg cells in nasal polyps (13,29).

For the first time, our study reported decreased Treg cells 

infiltration in antrochoanal polyps compared to nasal polyps 

and inferior turbinate mucosa from controls. And bilateral nasal 

polyps in our study revealed an elevated number of Treg cells. It 

is likely due to the fact that there is very low number of FOXP3 

producing cells in the lamina propria of polyp tissue with low 

detectable mRNA expression levels of FOXP3, therefore the re-

sults of qPCR might not be parallel to those of immunohistoche-

mical staining. However, further studies examining Treg cells are 

needed to elucidate their role and whether they are importan in 

the pathology of ACP and CRS.

Conclusion
The antrochoanal polyp (ACP) is likely associated with none type 

2-driven inflammation with increased infiltration of neutrophils, 

macrophages and CD8+ T cells and decreased FOXP3+ T-reg 

cells, which reflect the activity of cell-mediated innate immune 

response. Less severe epithelial hyperplasia and goblet cell 

hyperplasia compared to bilateral nasal polyps (BNP) might 

explain the relative mild clinical symptoms in ACP. ACP and BNP 

may differ in their pathogenesis. 
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