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Background: Aberrant epithelial remodeling and/or abnormalities in mucociliary apparatus in airway 
epithelium contribute to infection and inflammation. It is uncertain if these changes occur in both large 
and small airways in non-cystic fibrosis bronchiectasis (non-CF bronchiectasis). In this study, we aim to 
investigate the histopathology and inflammatory profile in the epithelium of bronchi and bronchioles in 
bronchiectasis.
Methods: Excised lung tissue sections from 52 patients with non-CF bronchiectasis were stained with 
specific cellular markers and analyzed by immunohistochemistry and immunofluorescence to assess the 
epithelial structures, including ciliated cells and goblet cells morphology. Inflammatory cell counts and ciliary 
proteins expression levels of centrosomal protein 110 (CP110) and dynein heavy chain 5, axonemal (DNAH5) 
were assessed.
Results: Epithelial hyperplasia is found in both bronchi and bronchioles in all specimens, including 
hyperplasia and/or hypertrophy of goblet cells. The median cilia length is longer in hyperplastic epithelium 
[bronchi: 8.16 (7.03–9.14) μm, P<0.0001; bronchioles: 7.46 (6.41–8.48) μm, P<0.0001] as compared to non-
hyperplastic epithelium (bronchi: 5.60 μm; bronchioles: 4.89 μm). Hyperplastic epithelium is associated with 
overexpression of CP110 and decreased intensity of DNAH5 expression in both bronchial and bronchiolar 
epithelium. Though infiltration of neutrophils is predominant (63.0% in bronchi and 76.7% in bronchioles), 
eosinophilic infiltration is also present in the mucosa of bronchi (30.8%) and bronchioles (54.8%). 
Conclusions: Aberrant epithelial remodeling with impaired mucociliary architecture is present in both 
large and small airways in patients with refractory non-CF bronchiectasis. Future studies should evaluate the 
interplay between these individual components in driving chronic inflammation and lung damage in patients.
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Introduction

Non-cystic fibrosis bronchiectasis (non-CF bronchiectasis) 
is a suppurative lung disease characterized by dilated 
and distorted airway architecture and abnormal mucus 
production; patients present with chronic cough with 
purulent sputum production and recurrent infective 
exacerbations and progressive functional decline (1). Non-
CF bronchiectasis imposes a significant socioeconomic 
burden on patients (2). They need longer hospital stays, 
more frequent outpatient visits, and more extensive medical 
therapy than control subjects, with a cost of approximately 
$630 million annually in America (3). Mortality rate ranged 
10–16% over an approximate 4-year observation period (3).

The pathogenesis of non-CF bronchiectasis is still under 
investigation. Currently, the most widely accepted concept 
for its development is the “vicious cycle hypothesis” (4). It 
suggests that characteristic airway distortion and abnormal 
mucus impedes mucociliary clearance (MCC), which in turn 
promotes bacterial colonization, persistent neutrophilic 
inflammation and proteases production that perpetuate the 
process of airway destruction (5-7).

The airway epithelium forms the first line of defense 
to injurious external stimuli and regulates the immune 
functions that bridges both innate and adaptive immunity 
and might be an important regulator of this destructive 
process. In non-CF bronchiectasis, the epithelium 
is damaged and has increased susceptibility to injury 
as compared to normal airway epithelium. Failure of 
appropriate growth and differentiation of epithelial cells 
causes persistent mucosal injury (8). Ciliary dyskinesia and 
mucus over-production weakens clearance of respiratory 
pathogens from the airway (7). These dysregulated immune 
responses and repairment contribute to airway structural 
remodeling, characterized by epithelial hyperplasia, loss 
of cartilage and fibro-muscular tissues and fibrosis in the 
bronchi (3,5,9). These pathologic changes might lead 
to small airways obstruction, chronic inflammation, and 
progressive lung function impairment (1,9,10).

The histopathological changes of the airway epithelium 
in the bronchi and bronchioles in non-CF bronchiectasis 
have not been described. This is an important area to 
investigate as different lung compartments play different 
roles and interact to cause lung damage. In recent years, 
the small airway (<2 mm in diameter) is recognized to be 
the major site of airflow limitation in chronic inflammatory 
airway diseases such as asthma and chronic obstructive 
pulmonary disease (COPD) (11,12). However, small airways 

haven’t been well studied in non-CF bronchiectasis as 
thoracic high-resolution computed tomography (HRCT) 
and spirometric tests cannot accurately assess small 
airway dysfunction. Thus, we aim to investigate if there 
is any change in (I) epithelial remodeling (e.g., epithelial 
hyperplasia and metaplasia); and (II) morphology of goblet 
and ciliated cells. The results will contribute to a better 
understanding in pathogenesis of non-CF bronchiectasis.

Methods

Study patients and study design

The study conformed to guidelines of the amended 
Declaration of Helsinki and has obtained the approval from 
the Institutional Review Boards of The Third Affiliated 
Hospitals of Sun Yat-sen University [No. (2017) 2-22]. All 
patients have given their written consents. We evaluated 
lung tissues from 52 non-CF bronchiectasis patients aged 
from 17 to 50 years, who underwent a lobectomy between 
January 2010 and March 2014 at the First and Third 
Affiliated Hospitals of Sun Yat-sen University, China. 
The indications for surgery include: recurrent infection 
refractory to antibiotics and/or massive hemoptysis that 
were resistant to medical treatment. The diagnosis of non-
CF bronchiectasis was based on thoracic HRCT. Smokers 
were defined as current cigarette smokers with a smoking 
history of more than 10 pack years. Lung specimens and 
clinical information of included patients were collected for 
histological evaluation and analysis, respectively.

Histological evaluation

Immunohistochemical (IHC) staining
Intraoperative lung biopsies of bronchiectasis were 
embedded in paraffin and sectioned at 4 μm with a 
microtome (Leica, Wetzlar, Germany). IHC staining was 
performed with a modified horseradish peroxidase (HRP) 
technique with the Dako Cytomation EnVision+System-
HRP (Dako A/S). Sections were processed with Target 
Retrieval Buffer (Dako A/S). Endogenous peroxidase 
activity was blocked with 0.3% H2O2. Sections were then 
stained and incubated at 4 ℃ overnight. Eosinophils 
and lymphocytes were stained by hematoxylin and eosin 
(H&E). Neutrophils were stained with mouse anti-human 
neutrophil elastase monoclonal antibody (mAb) (Clone 
NP57; Dako A/S, Glostrup, Denmark). Cilia were stained 
with rabbit anti-human dynein heavy chain axonemal 
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(DNAH5) polyclonal antibody (pAb) (Abcam, Cambridge, 
MA).  The s l ides  were then incubated with Dako 
Envision +System-HRP (Dako A/S) at room temperature 
for 30 minutes followed by applying HRP substrate 
(diaminobenzidine) for color development. All slides were 
counterstained with hematoxylin.

Immunofluorescence (IF)
Ciliated cells were also assessed by IF staining with mouse 
anti-human type IV-β tubulin mAb (Clone, ONS.1A6; 
Abcam) and rabbit anti-human centrosomal protein 110 
(CP110) (Proteintech group, Chicago, USA). Tissue 
sections were processed with Target Retrieval Buffer 
(Dako A/S). The slides were then incubated with primary 
antibodies at 4°C overnight, 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, and mounted with Antifade reagent 
with 4’, 6-diamidino-2-phenylindole (DAPI; Molecular 
Probes).

Goblet cells were analyzed by staining with Alcian 
Blue periodic acid-Schiff (PAS). Sections were immersed 
in Alcian Blue pH 2.5 staining solution for 30 minutes, 
followed by periodic acid solution for 5 minutes, 
Schiff reagent for 15 minutes, and counterstained with 
hematoxylin.

Normal adjacent lung tissue as healthy controls

As it’s not feasible to obtain open lung biopsy samples from 
healthy subjects, and the heterogeneity of pathological 
changes throughout the bronchial tree in patients with 
bronchiectasis, comparisons were made with the normal 
lung tissue areas without inflammatory cell infiltration and/
or epithelial hyperplasia/remodeling, from the same tissue 
sections (hereafter referred to as ‘healthy controls’).

Bronchi and bronchioles

Based on the histological  cr i ter ia  for  c lass i fying 
intrapulmonary structures, airways with wider and non-
collapsed lumen, lined with pseudostratified columnar 
epithelium and the presence of hyaline cartilage plates, 
goblet cells and glands were defined as bronchi. Airways 
with narrow collapsible lumen, simple columnar ciliated or 
cuboidal non-ciliated epithelium without cartilage plates, 
glands or goblet cells (except larger respiratory bronchioles) 

were defined as bronchioles (13,14).

Evaluation of epithelium 

In bronchi, epithelium with >4 layers was considered 
hyperplastic and severe epithelial hyperplasia as >6 
layers (15). In bronchioles, epithelium with ≥2 layers was 
considered hyperplastic and severe epithelial hyperplasia as 
>4 layers (14). Squamous metaplasia was determined by the 
appearance of the stratified squamous epithelium.

Inflammatory cell infiltration evaluation

Five individual fields with infiltration of inflammatory cells 
were selected for total and differential cells counts. Total 
cells counts were derived from counting 200 leukocytes 
(under ×400 magnification). Differential cell counts of the 
inflammatory cells were expressed as the percentage—
number of positive staining cells/200 leukocytes ×100%. 
Inflammatory cell infiltration is categorized by more than 
10%. 

Goblet cell evaluation

In bronchi, goblet cell hyperplasia was defined if they 
were in ≥2 layers, and goblet cell hypertrophy was defined 
when doubling in the volume (14). Generally, goblet cells 
disappear in subsequent divisions in bronchioles. Therefore, 
goblet cell hyperplasia was defined when it appeared in 
bronchiolar epithelium. 

Cilia length evaluation

Cilia length was evaluated on hyperplastic and non-
hyperplastic epithelium in bronchi and bronchioles by 
assessing type IV-β tubulin staining at ×400 magnifications, 
as previously described (15). Five areas of the cilia staining 
from the tissue sections or cytospin cells were randomly 
selected. Cilia length was measured using Image J software. 
The mean value of cilia length was calculated from 20 
measurements for each paraffin section. 

Evaluation of CP110 and DNAH5

Staining images were captured at ×400 magnifications with 
a fluorescence microscope. Protein expression of these 
cilia related genes were analyzed by Image J, through 
calculating the value of the positively stained area and the 
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mean fluorescence intensity (MFI) for each marker. Total 
fluorescence intensity (TFI) measurements were performed 
through multiplying the positive area by MFI and corrected 
by subtracting the background autofluorescence (15). The 
low intensity of DNAH5 positive staining was defined as 
DNAH5 abnormal expression (16).

Microbiological examination

Patients were routinely received microbiological testing 
using sputum smear microscopy and sputum culture before 
operations. After surgery, microorganisms such as fungi and 
tubercle bacillus will be also detected in the lung specimen. 
However, as most patients have received long course of 
antibiotic treatment, microbiological examinations cannot 
completely explain their etiologies.

Statistical analysis

All data were analyzed using the SPSS statistical software 
V18.0 (SPSS Inc., Chicago, USA). Continuous variables 

were expressed using mean ± standard deviation if 
normally distributed or median (interquartile range) if 
not. Categorical variables were expressed by percentage. 
Differences in continuous variables were compared by 
using Student’s t-test or non-parametric test such as 
Wilcoxon signed rank test, and in categorical variables were 
compared by using the Chi-squared test or Fisher exact test. 
Correlation analysis was performed using Spearman r. In all 
analyses, differences were considered significant if P<0.05.

Results

Patient characteristics

The demographics and clinical characteristics of patients 
were summarized in Table 1 .  Their mean age was  
49.06 years old. There were significantly more male 
smokers (21.15%) than female smokers (5.77%, P=0.017). 
Pseudomonas aeruginosa (5.77%), Haemophilus influenzae 
(3.85%) and Haemophilus parainfluenzae (1.92%) showed 
positive in bronchial wash culture in 11.54% patients. 
Aspergillus species (15.38%) and mycobacterium tuberculosis 

Table 1 Clinical characteristics and microbiological results

Characteristics All patients (n=52) Male (n=24) Female (n=28) P§

Age, year 49.06±12.49 52.25±12.7 46.32±11.85 0.088

Smoker 14 (26.93) 11 (48.53) 3 (10.71) 0.017

Positive sputum cultures 6 (11.54) 3 (12.50) 3 (10.71) NA

Pseudomonas aeruginosa 3 (5.77) 1 (4.17) 2 (7.14) NA

Haemophilus influenzae 2 (3.85) 2 (8.33) 0 NA

Haemophilus parainfluenzae 1 (1.92) 0 1 (3.57) NA

Infection* 16 (30.77) 6 (25.00) 10 (35.71) NA

Aspergillus species 8 (15.38) 3 (12.50) 5 (17.86) NA

Mycobacterium tuberculosis 6 (11.53) 2 (8.33) 4 (14.28) NA

Bacterial infection 2 (3.85) 1 (4.16) 1 (3.57) NA

Inflammatory cell infiltration**

Eosinophilic 32 (61.53) 15 (62.50) 17 (60.71) NA

Neutrophilic 41 (78.84) 22 (91.67) 19 (67.85) 0.142

Lymphocytic 39 (75.00) 15 (62.50) 24 (85.71) 0.046

Data are presented as number (%) and mean ± standard deviation. §, the statistical analysis was performed using chi-square tests; *, 
infection is evidenced by histopathological examination with specific stain in the excised lung tissue; as for TB detection, patients were 
diagnosed through the specific pathologic change of tuberculosis in patients’ biopsy samples, such as caseous necrosis; **, inflammatory 
cell infiltration is categorized by more than 10%.
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(MTB, 11.53%) were the main pathogens identified in 
pathologic analysis in lung biopsy specimens. Lymphocytic 
inflammation was more prevalent among females as 
compared to males (62.5% vs. 85.7%, P=0.046).

Histopathological examinations

We were able to identify airway epithelium in 51 out of 52 
patient specimens – bronchi only, bronchioles only and both 
bronchi and bronchiole structures were seen in 7, 24 and 20 
specimens respectively. Table 2 summarizes the histological 
differences between the bronchi and bronchioles.

Epithelium hyperplasia/squamous metaplasia

In bronchiectatic airways (Figure 1A) compared to the non-
diseased areas, there was an increase in epithelial hyperplasia 
in both the bronchi (Figure 1B) and in bronchioles 
(Figure 1C). There was no difference in the prevalence 
or severity of epithelial hyperplasia between the bronchi 
and bronchioles (92.6% vs. 97.7%, P=0.141, Figure 1D).  
Squamous metaplasia was noted in 2 specimens (1 bronchi 
and 1 bronchiole specimen, Figure 1B,C,D).

Goblet cell hyperplasia and hypertrophy

The prevalence of goblet cell hyperplasia (Figure 2) was 
similar in both bronchi and bronchioles (74.1% vs. 79.6%, 
P=0.592). The prevalence of goblet cell hypertrophy 

(Figure 2) was significantly higher in bronchi compared to 
bronchioles (63.0% vs. 22.7%, P=0.001). The prevalence 
of both goblet cell hyperplasia and hypertrophy was higher 
in bronchi than in bronchioles (55.6% vs. 20.5%, P=0.004). 
Two specimens did not contain goblet cells (identified by 
PAS staining).

Ciliary impairment

The median cilia length was significantly longer in both 
bronchi [8.16 (7.03–9.14) μm, P<0.0001] and bronchioles 
[7.46 (6.41–8.48) μm, P<0.0001] in bronchiectasis airways 
with epithelial hyperplasia, compared to healthy controls 
[5.60 (4.99–6.61) and 4.89 (4.50–5.99) μm respectively] 
(Figure 3A,B). There was a higher expression of CP110 
in both bronchi (2.57-fold, P=0.0007) and bronchioles 
(2.18-fold, P=0.0005) with airway hyperplasia, compared 
to healthy controls (Figure 3C). There was a positive 
correlation between cilia length and CP110 expression 
in both bronchi (r=0.410, P=0.007) and in bronchioles 
(r=0.406, P=0.004) (Figure 3D,E). Decreased intensity 
of DNAH5 (by IHC staining) was found in 12 (54.4%) 
bronchial and 19 (57.6%) bronchiolar specimens (Figure 4). 

Inflammatory cell infiltration

In 51 samples, we found three different patterns of 
inflammatory cell infiltration (Figure 5). The patterns of 
inflammatory cell infiltration were summarized in Table 3.  

Table 2 Differences in histology in bronchi and bronchioles

Histological change Bronchi (n=27)* Bronchioles (n=44)* P

Epithelial hyperplasia 25 (92.6) 43 (97.7) 0.141

Mild-moderate# 13 (48.2) 29 (65.9) 0.139

Severe## 12 (44.5) 14 (31.8) 0.284

Goblet cell hyperplasia 20 (74.1) 35 (79.6) 0.592

Goblet cell hypertrophy 17 (63.0) 10 (22.7) 0.001

Goblet cell hyperplasia and hypertrophy 15 (55.6) 9 (20.5) 0.004

Squamous metaplasia 2 (7.4) 1 (2.3) 0.141

Cilia length, µm 8.16 (7.03–9.14) 7.46 (6.41–8.48) <0.0001**

Data are presented as number (%), and median (interquartile range). #, mild-moderate epithelial hyperplasia is defined as the presence of 5–6 
cell layers in bronchi and 3–4 cell layers in bronchioles; ##, Severe epithelial hyperplasia is defined as >6 cell layers in bronchi and > 4 cell 
layers in bronchioles; *, Bronchi only, bronchioles only and both bronchi and bronchiole structures were seen in 7, 24 and 20 specimens 
respectively; **, Compared to median lengths of bronchi and bronchioles in non-diseased control regions i.e., 5.60 (4.99–6.61) µm and 4.89 
(4.50–5.99) µm respectively.
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Figure 1 Epithelium of bronchi and bronchioles. Bronchi has large lumen, pseudostratified columnar epithelium and hyaline cartilage plates 
with glands in the wall, which were showed by “↑”. Bronchioles simple cuboidal epithelium without cartilage and glands in the wall, and 
goblet cell disappear. “↑” showed an enlarged bronchioles (as compared to the adjacent pulmonary vein) (A, ×40 magnification; scale bar 
=200 μm). The common epithelium, epithelial hyperplasia, severe hyperplasia and squamous metaplasia in bronchi (B, ×400 magnification; 
scale bar =20 μm) and in bronchioles (C, ×400 magnification; scale bar =20 μm). Comparison of epithelial hyperplasia and squamous 
metaplasia (D, Fisher exact test) in bronchi and bronchioles.
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Figure 2 Goblet cell hyperplasia and hypertrophy. The goblet cell hyperplasia and hypertrophy in bronchi and bronchioles (A, ×400 
magnification; scale bar =20 μm). Comparison (B, Fisher exact test) of goblet cell hyperplasia and hypertrophy in bronchi and bronchioles.
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There was more severe eosinophilic infiltration in the 
bronchioles (31.0%) compared to the bronchi (3.8%, 
P=0.008). Neutrophils were the predominant cell type in 
both bronchi (62.9%) and bronchioles (76.8%). Besides, we 
noted lymphocytic infiltration in over half of the bronchi 
and bronchiole specimens (70.4% and 59.1%, respectively). 
Furthermore, mixed neutrophilic and eosinophilic 
inflammation was seen in 6 bronchial (22.2%) and 18 
bronchiolar (42.9%) specimens. A small group (<20%) 
exhibited mixed neutrophilic/eosinophilic/lymphocytic 
airway infiltration.

Discussion

In the present study, we found a complex histopathological 
condition with infection in bronchi and bronchioles of 
patients with non-CF bronchiectasis. We demonstrated that 
impaired ciliated cells with lengthened cilia structures on 
the hyperplasic epithelium in both bronchi and bronchioles 

of the patients. These histological findings can be of 
important in understanding the pathogenesis causing acute 
and chronic airway infection and inflammation, clinical 
symptoms of coughing and expectoration, and give more 
evidences to the current “vicious cycle hypothesis”.

MCC is characterized by the upward movement of 
mucus by ciliary motion that requires a balance between the 
volume and composition of the mucus, and normal ciliary 
beat frequency (17,18). In our study, we showed hyperplasia 
and/or hypertrophy of the goblet cells in both the large 
and small airways epithelium, which contributed directly to 
the over-secretion of the mucus and impairment of MCC 
in the patients. Mucus production, secretion and clearance 
play a critical role in maintenance of airway health because 
it maintains hydration in the airway and traps particulates, 
bacteria, and viruses (18,19). Furthermore, airway goblet 
cells are proinflammatory effector cells which are able 
to secrete pro-inflammatory cytokines, chemokines, and 
growth factors. These inflammatory mediators released 
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Figure 3 Cilia impairment. CP110 (red) were double stained with cilia (βIV-tubulin, green) in non-hyperplastic and hyperplastic epithelium 
in bronchi and bronchioles respectively (A, ×400 amplifications; scale bar =20 μm). Statistical analysis was performed in non-hyperplastic 
and hyperplastic epithelium in bronchi and bronchioles in cilia length in paraffin section (B, Mann-Whitney two-tailed U test; Median 
values with 25th and 75th percentiles are indicated by horizontal red lines). CP110 were evaluated by TFI (C, Mann-Whitney two-tailed U 
test; Median values with 25th and 75th percentiles). The correlations between TFI of CP110 and cilia length (one-to-one) were analyzed 
respectively (D and E). 
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Figure 4 Abnormal DNAH5 expression pattern. DNAH5 was evaluated by IHC staining (A, upper: ×40 amplifications; scale bar =200 μm; 
down: ×400 amplifications; scale bar =20 μm). Statistical analysis was performed in non-hyperplastic and hyperplastic epithelium in bronchi 
and bronchioles in DNAH5 expression (B, Fisher exact test).
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from goblet cells may act in an autocrine and paracrine 
manner to enhance inflammation in diseases such as asthma 
and leading to airway goblet cell hyperplasia (20,21). Our 
findings therefore present pathological evidences to the 
current “vicious cycle hypothesis” in the development of 
bronchiectasis.

Although different types of epithelial cells contribute 
to the MCC function, ciliated cells play a central role in 
maintaining MCC function and preventing chronic airway 
diseases (18,22). Among the tissue specimens, significantly 
lengthened cilia are present on the hyperplasic epithelium 
both in bronchi and bronchioles. As we described 
previously (15), these lengthened cilia are accompanied with 
impairment of MCC function, which is a potential cause 
of chronic mucosal inflammation or infection in chronic 
airway diseases (e.g., rhinosinusitis). In patients with non-
CF bronchiectasis, this abnormal-cilia structure will 

contribute to impaired MCC, making airways susceptible 
to chronic infection and microbial colonization, favoring a 
continuous inflammatory response that persists even after 
infection has been controlled (3,5,7).

The structural damage to the airways is responsible for 
progressive small airways obstruction and dilation. Gilley 
and colleagues reported that conditional deletion of motile 
cilia in the lung of the adult mouse results in slower cilia 
beating frequency and the development of bronchiectasis (23).  
They found that airway dilation in bronchiectasis was due 
to morphological changes of airway epithelial cells with 
cellular hyperplasia and proliferation of club cells, and led 
to loss of cilia and MCC impairment. In bronchiectasis, 
the mucus itself is often abnormal and more complex. 
Tracheobronchial clearance in bronchiectasis has been 
shown to be slower than in normal control subjects 
independent of the presence of infection (3,5,7). Over 
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time, retained sputum can cause mucous plugs and 
airway obstruction, obliteration, and damage resulting 
in more advanced bronchiectasis (6,7). These structural 
abnormalities in small airways allow for mucus stasis, which 
favors continued chronic infection and the persisted vicious 
cycle in patient with bronchiectasis (8,24).

CP110 is a key marker in ciliogenesis process (25,26). Our 
previous study demonstrated that the increased expression 
of CP110 in mucosa from patients with chronic rhino 
sinusitis (CRS) was associated to the poor ciliation (15).  
DNAH5 encode for dynein proteins of ciliated airway, and 
DNAH5 mutations is a common cause of primary ciliary 
dyskinesia with outer dynein arm defects (16). In this study, 
we assessed the length of cilia in bronchi and bronchioles 
and found significantly longer cilia with abnormal 
expression of ciliogenesis markers (e.g., CP110 and 
DNAH5) in hyperplasic epithelium as compared to normal 
lung tissue. The longer and messy cilia with outer dynein 
mutations may cause MCC dysfunction, and decrease 
the efficacy of pathogens elimination (22). As such, the 
continual local microbial invasion and inflammatory damage 
were contribution to permanent lung tissue alteration and 
airway structural remodeling (6,7). To our knowledge, this 
is the first study reporting a positive correlation between 
cilia length and CP110 in bronchiectasis.

An ongoing cycle of airway tracts infection and 

inflammation may be established following a combination 
of defection in host defense and bacterial infection (4,7,10). 
In consistent with previous studies (27-29), inflammatory 
cells infiltration around airways of non-CF bronchiectasis, 
including eosinophils, neutrophils and lymphocytes, could 
be found in both bronchi and bronchioles. As the MCC 
function is compromised, repeating pathogens infection or 
colonization led to inflammation, which caused persistent 
infiltration of different inflammatory cells. Interestingly, 
the high percentage of eosinophils in respiratory epithelium 
were observed in patients with bronchiectasis in our study. 
In fact, most of these patients didn’t have asthma according 
to their clinical records. Thus, the fungal infection might 
be a potential cause to recruit eosinophils infiltration into 
airways (30), because Aspergillus species infection was found 
to be the most common pathogen in these excised lung 
tissue sections from patients with non-CF bronchiectasis.

There are several limitations in this study. This is a 
retrospective study with a relatively small sample size. 
As a retrospective study, differences in demographic and 
clinical characteristics should be matched and compared 
with the healthy controls, which is not available due to the 
ethics. There is no standard reference of the qualitative and 
quantitative measures on goblet and ciliary cells in both 
bronchi and bronchioles, we could therefore only use the 
control measures obtained from the same specimens in a 

Figure 5 Inflammatory cell infiltration. Inflammatory cell infiltration pattern (A, lower powder view: ×100 amplifications; scale bar =100 μm; 
B, ×400 amplifications; scale bar =20 μm). 
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relative non-diseased area. In this study, the mean age of 
patients was 49.06 years old, which was younger than the 
average age in other large-sample reports. However, some 
studies on surgical treatment of bronchiectasis reported that 
the median age of these patients was less than 50 years old 
(31,32). This may be explained by that older patients are 
more likely accompanied by comorbidities and therefore be 
less eligible for surgery.

In conclusion, our data demonstrates the different 
pathologic patterns in bronchi and bronchioles and the 
impairments of cilia architecture in patients with refractory 
non-CF bronchiectasis. These findings are of significant 
importance to our understanding of the “viscous cycle 
hypothesis” in the development of non-CF bronchiectasis.
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