
ABSTRACT

Introduction: Angiogenesis and microvascular remodelling may play a vital 
role in the chronic inflammatory process within asthma. One of the most 
important factors involved in angiogenesis is vascular endothelial growth 
factor (VEGF). In this study we hypothesised that an increased expression 
of VEGF may be involved in airway remodelling in asthma patients. To this 
end, we compared the histology and expression levels of VEGF and one 
of its receptors (VEGFR1) in bronchial tissues of patients with asthma  
compared with control patients. We also investigated the effect of treatment 
with budesonide/formoterol (Symbicort®; AstraZeneca, Lund, Sweden) in 
the relationship between VEGF and airway remodelling.
Methods: Bronchial tissues were obtained from patients attending the West 
China Hospital from April to November 2006. Thirteen patients were di-
agnosed with moderate asthma and 10 others were treated as control. His-
tological and immunohistochemical comparisons between asthmatic and 
control patients were made at baseline, and (for asthmatic subjects) follow-
ing 6 months of treatment with budesonide/formoterol.
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INTRODUCTION

Asthma is a chronic disease charac-
terised by airway inflammation, airway 
hyper-responsiveness (AHR), reversible 
airway obstruction and airway remodel-
ling. Airway remodelling refers to airway 
structural alterations including epithelial 
shedding, goblet cell and submucosal gland 
hyperplasia, increased smooth muscle mass, 
subepithelial fibrosis and neovascularisa-
tion.1 Remodelling of the microvascula-
ture is probably an important contributor 
to increased inner airway wall thickness,  
luminal narrowing, and especially AHR in 
asthma.2,3 The inflammation and remod-
elling process are linked to aberrant acti-
vation of epithelial-mesenchymal-trophic 
units.4 Many cytokines and inflammatory 
mediators can be involved in different 

ways5 such as histamine,6 bradykinin,7 

leucotrienes,8 platelet-activating factors,9 

and substances released by autonomic 
nerves,10 which can induce vasodilation, 
as well as some cytokines present in the 
airways that could determine the forma-
tion of new blood vessels.

Angiogenesis and microvascular 
remodelling are recognised features 
of asthma and therefore may play a  
vital role in chronic inflammatory  
processes.11,12 Formation of new vessels 
and remodelling of existing ones are 
likely to be induced by multiple growth 
factors. Vascular endothelial growth 
factor (VEGF) is a potent angiogenic 
factor whose activities include endothe-
lial cell survival, proliferation and migra-
tion.13 VEGF acts as a pro-inflammatory  
cytokine by increasing endothelial  

Results: Compared with control patients, asthmatic patients had significant-
ly decreased respiratory parameters, including forced vital capacity (FVC) 
and forced expiratory volume in 1 second (FEV1) (% predictive). Further-
more, patients with asthma had submucosal gland hyperplasia, increased 
smooth muscle mass, increased subepithelial fibrosis and neovascularisa-
tion. Asthmatic patients also exhibited increased expression of VEGF and 
VEGFR1 within epithelial cells. The increased expression of VEGF and its 
receptor correlated well with airway remodelling, airflow obstruction and 
airway hyper-responsiveness. After treatment with budesonide/formoterol 
for 6 months, the expression of VEGF and VEGFR1 was decreased, with 
correlatory decreased airway remodelling in patients with asthma.
Conclusion: The increased expression of VEGF and VEGFR1 in asthmatic 
patients is accompanied by an increased number and size of blood vessels 
in asthmatic airways, as well as airway remodelling. Budesonide/formoterol 
therapy for 6 months can decrease the expression of VEGF and VEGFR1 
alongside airway remodelling in asthma. The inhibition of VEGF and its 
receptor may be a good therapeutic strategy for asthma. 

Keywords: airway remodelling; asthma; vascular endothelial growth factor; 
vascular endothelial growth factor receptor 1
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permeability and inducing expression of  
endothelial adhesion molecules that 
bind leucocytes.14,15

Corticosteroids are effective in 
achieving control of asthma. Corti-
costeroids reduce airway eosinophilic 
inflammation and expression of granu-
locyte macrophage colony-stimulating  
factor (GM-CSF), interleukin (IL)-4, 
IL-5, IL-11 and IL-17. It has been report-
ed that corticosteroids could decrease  
mucus production16 and smooth muscle 
cell proliferation17 in asthmatic patients. 
Also, beta-2 agonists reduce airway 
muscular tone and improve expiratory 
flow. Long-acting inhaled beta-2 ago-
nists (LABA) alone, modestly decrease 
airway eosinophilia.18 To be more effec-
tive, inhaled corticosteroids (ICS) have 
been recommended to be combined 
with LABA. It results in a similar con-
trol of the asthma compared with a high-
dose ICS.19 Budesonide/formoterol  
(Symbicort®; AstraZeneca, Lund,  
Sweden), a single Turbuhaler® equipped 
with combined ICS and LABA, is deliv-
ered and deposited preferentially in the 
distal airways. However, it is not clear 
whether budesonide/formoterol deposi-
tion in peripheral airways can influence 
airway remodelling.

In this study we hypothesised that 
an increased expression of VEGF may 
exist and complicate airway remodel-
ling in asthma patients. To this end, 
we examined the expression levels of 
VEGF and VEGFR1 in bronchial tis-
sues of patients with asthma to inves-
tigate the relationship between VEGF 
and airway remodelling and the effi-
ciency of budesonide/formoterol on 
airway remodelling.

MATERIALS AND METHODS

Study Design

A single-centre, open-label study was 
conducted in adult patients with mod-
erate asthma to evaluate the effect of in-
haled budesonide/formoterol on VEGF,  
VEGFR1 and peripheral lung remodell- 
ing. The ethics committee of West China 
Hospital, Sichuan University approved 
the study, and all subjects gave written 
informed consent. Patients and the con-
trol subjects who met the inclusion crite-
ria had a baseline bronchoscopy, during 
which transbronchial and endobronchial 
lung biopsy specimens were obtained.  
Patients were then treated with budes-
onide/formoterol (160/4.5 μg twice daily) 
for 6 months. After 6 months of treatment, 
a second airway biopsy specimen was  
taken. The effect of budesonide/formoter-
ol on airway remodelling was measured by  
immunocytochemistry and Masson’s 
trichrome stain.

Subjects

Bronchial tissues obtained from  
fibreoptic bronchoscopy and bronchial 
biopsy in West China Hospital between 
April and November 2006 were prepared 
as previously described by Hoshino and 
colleagues.20 Thirteen patients were diag-
nosed with moderate asthma according to 
the Global Initiative for Asthma (GINA) 
2006 (www.ginasthma.org). All asthmatic 
subjects had not used any steroids within 
the preceding 180 days. Asthmatic sub-
jects’ inclusion criteria were typical clini-
cal symptoms, a baseline forced expiratory 
volume in 1 second (FEV1) between 60% 
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and 85% of the predicted value (%pred) 
and a ≥12% increase in FEV1 after usage 
of albuterol or a PC20 (provocative con-
centration of methacholine producing a 
20% fall in FEV1) of <8 mg/ml. The lung 
function tests were administrated accord-
ing to GINA 2006. Exclusion criteria were 
chronic bronchitis, cystic fibrosis, bron-
chiectasis and diffuse panbronchiolitis. 

Ten healthy control subjects were 
recruited from hospital personnel who 
answered negative to a screening question-
naire for respiratory symptoms, and who 
met inclusion criteria of FEV1 values of 
>80%pred, PC20 of >10 mg/ml, and nor-
mal findings on simple chest radiograms. 

All subjects were non-smokers and 
had no respiratory tract infections within 
2 weeks preceding the operation. The 
site of biopsy was randomised to either 
the right or the left lower lobe, and five 
to six endobronchial biopsy specimens 
were taken from the tertiary carinae of 
the right or left lower lobes under direct  
visualisation. 

Tissue Processing and Histological 
Analysis

To analyse the expression levels of 
VEGF and VEGFR1, bronchial sections 
were histologically analysed. The sec-
tions were fixed with 4% neutral buffered  
formaldehyde. Antihuman VEGF and 
VEGFR1 monoclonal antibodies were 
purchased from Santa Cruz Biotechnology 
(Santa Cruz, CA, USA) and diluted 1:100.  
Diaminobenzidine (DAB) was used to 
stain sections. 

The samples were de-waxed in xylene 
and dehydrated in a graded series of etha-
nol baths. Endogenous peroxidase activ-

ity was inhibited by incubating the slides 
with 3% H2O2 for 30 minutes, followed 
by washes in phosphate buffered saline 
(PBS) and finally heated for 15 minutes in 
a microwave (700W) in 10 mM citric acid 
(pH 6.0). The sections were inactivated 
by normal goat serum for 20 minutes at 
37°C. After repeated washes by PBS, the 
sections were incubated with MUC5AC 
antibody and put in a humid chamber at 
4°C overnight. Sections were washed in 
PBS and incubated at 37°C for 30 min-
utes with biotinylated rabbit anti-goat 
immunoglobulin, followed by repeated 
washes in PBS. The tissues were incubated 
with streptavidin peroxidase reagents for 
30 minutes at 37°C, following which fresh 
DAB was used to stain the sections. After 
repeated washes in PBS and rinsing in tap 
water, the slides were counterstained with 
haematoxylin.

Mucus-secreting submucosal glands 
were visualised using Alcian blue–periodic 
acid Schiff (AB-PAS) stain and Masson’s 
trichrome stain was used for assessment 
of subepithelial fibrosis and hyperplasia 
of airway smooth muscle. AB-PAS21 and 
Masson’s trichrome22 staining were per-
formed following standard protocols.

Image Analysis

All images were generated by Spot Ad-
vanced software and analysed by IMAGE-
Pro Plus 4.5. Two pathologists blinded to 
the patients’ clinical data reviewed and 
analysed all the slides. High-power fields 
of airway epithelium were randomly  
sampled and calculations were performed 
on six images per section examined at ×200 
to ×600 magnification. The mean of six 
sections from each tissue was used for sta-
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tistical analysis. For immunohistochem-
istry, the ratios of the optical density of 
positively stained cell to background were 
recorded. For AB-PAS staining, the areas 
of positively stained submucosal glands 
were also recorded. For Masson’s trichrome 
staining, the areas of smooth muscle mass, 
thickness of smooth muscle mass, subepi-
thelial fibrosis, quantity and areas of ves-
sels, distance between the epithelial layer 
and the luminal aspect of the smooth mus-
cle layer and thickness of the reticular base-
ment membrane were recorded. 

Statistical Analysis

All data were expressed as the 
mean±standard error of the mean. Statis-
tical analyses were performed using SPSS 
12.0 software. Statistical significance was 
analysed with one-way analysis of variance 
(ANOVA), followed by the Student–
Newman–Keuls test to isolate significant 

difference. Chi-square test and Pearson 
correlation analysis were also used. A P 
value of less than 0.05 (two-tailed test) 
was considered statistically significant.

RESULTS

Subjects

The twenty-three patients were in two 
groups: the study asthma group (n=13) 
and a control group (n=10). The patients’ 
demographic characteristics are listed in 
Table 1.

The differences of age and gender 
between the asthma and control groups 
were not significant. Forced vital capac-
ity (FVC) %pred, FEV1 %pred, maximal 
expiratory flow in 75% vital capacity 
(Vmax75), in 50% vital capacity (Vmax50), in 
25% vital capacity (Vmax25), and PC20 were  
significantly decreased in the asthma 
group, compared with the control group. 

Table 1. Demographic characteristics of study subjects.

Asthma group        Asthma group Control group
pretreatment (n=13)         post-treatment (n=13) (n=10)

Mean age, years (range) 40 (35–43) 40 (35–43) 38 (30–42) 

Gender, male/female 8/5 8/5 6/4

FVC, %pred 75.7±3.28† 83.5±4.71†§ 95.6±4.21

FEV1, %pred 68.3±2.86* 78.9±3.34*‡ 103.2±6.95

PC20, mg/ml 1.23±0.45* 4.78±0.76*‡ >32

Vmax75 66.4±12.7* 75.3±9.8*§ 102.6±8.62

Vmax50 53.9±17.1* 72.4±8.2*‡ 94.3±10.8

Vmax25 59.1±18.5* 63.6±11.5*§ 96.0±24.5

*P<0.01 compared with normal control subjects; †P<0.05 compared with normal control subjects;
‡P<0.01 compared with asthma group subjects pretreatment; §P<0.05 compared with asthma group 
subjects pretreatment.
FEV1=forced expiratory volume in 1 second; FVC=forced vital capacity; PC20=provocative concentration 
of methacholine causing a 20% fall in FEV1; %pred=percentage of predicted value; Vmax25–75=maximal 
expiratory flow in 25%–75% vital capacity.
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Figure 1. Assessment of airway remodelling. A, D and G were the control group; B, E and H were the 
asthma group pretreatment; C, F and I were the asthma group after treatment with budesonide/formoterol. 
With Masson’s trichrome stain, the smooth muscle was stained in red colour, and the reticular basement 
membrane and subepithelial fibrosis were stained in blue colour. A, B and C revealed increased smooth 
muscle mass and thickness of reticular basement membrane in the asthma group; the arrow indicates the 
reticular basement membrane. D, E and F revealed increased subepithelial fibrosis. In AB-PAS stain, the 
sialic acid in the submucosal gland acinar cells stained blue, while polysaccharide and neutral mucin stained 
purple. H and I revealed submucosal gland hyperplasia in the asthma group.

A B C

D E F

G H I

Masson’s trichrome stain ×600 (A, B, C)

Masson’s trichrome stain ×400 (D, E, F)

Alcian blue–periodic acid Schiff stain ×200 (G, H, I)
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After treatment with budesonide/formot-
erol, FVC %pred, FEV1 %pred, Vmax75, 
Vmax50 and Vmax25 increased while PC20 in-
creased significantly, compared with the 
pretreatment asthma group.

Assessment of Airway Remodelling 

Airway remodelling was assessed 
by determining the area and integrity 
of the epithelium, the smooth muscle 
mass, thickness of the reticular basement 
membrane, the degree of subepithelium 
fibrosis, area of the submucosal glands, 
quantity and areas of vessels, and the dis-
tance between the epithelium and air-
way smooth muscle on bronchial biopsy  
tissues (Figure 1). 

The mean total tissue area of the bi-
opsy specimens obtained in the asthma 
group did not differ significantly from 
that of the control group. The patients 
with asthma had submucosal gland hy-
perplasia, increased smooth muscle mass, 
increased thickness of reticular basement 
membrane, subepithelial fibrosis and 
neovascularisation, when compared to 
subjects in the control group. After treat-
ment with budesonide/formoterol, we 
observed decreased submucosal gland hy-
perplasia, smooth muscle mass, thickness 
of reticular basement membrane, neo-
vascularisation and subepithelial fibrosis 
(Table 2).

Correlation Analysis

Expression levels of VEGF and  
VEGFR1 correlated well with the degree 
of the airway remodelling and AHR, and 
were negatively correlated with the lung 
function data (Table 3).

VEGF and VEGFR1 Expression in 
Airway Epithelial Cells

To examine the correlation between 
angiogenesis, microvascular remodel-
ling and airway remodelling, immuno-
histochemical staining for VEGF and 
VEGFR1 were performed. VEGF was 
expressed mainly in the airway epithe-
lial cells and secondarily in the smooth 
muscle cells from patients in all groups. 
VEGFR1 was expressed mainly in the 
blood vessel endothelium and second-
arily in the airway epithelial cells and 
smooth muscle cells. The positive sig-
nals (brown colour) for both VEGF 
and VEGFR1 were mainly in the  
cytoplasm and secondarily on the cell 
membrane.

The more positively stained airway 
epithelial cells in the asthma groups 
showed increased expressions of VEGF 
and VEGFR1 than the control group 
(Figure 2). The mean optical densi-
ties of VEGF were 1.06±0.02 in the  
control group, 1.18±0.03 in the asthma 
group pretreatment and 1.15±0.03  
post-treatment. There was a significant 
increase in the expression of VEGF in the 
asthma group compared with the control 
group (P<0.05). The mean optical densi-
ties of VEGFR1 were 1.49±0.06 in the 
control group, 2.35±0.05 in the asthma 
group pretreatment, and 1.83±0.03 in the 
asthma group post-treatment. There was 
a significant increase in the expression of 
VEGFR1 in the asthma group compared 
with the control group (P<0.05).  

Budesonide/formoterol treatment 
decreased the expression of VEGF 
and VEGFR1 in patients with asthma 
(P<0.05 and P<0.05, respectively). 
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DISCUSSION

In this study, we examined the ex-
pression levels of VEGF and its receptor,  
VEGFR1, in bronchial tissues of patients 
with asthma to investigate the relation-
ship between VEGF and airway remodel-
ling. Increased expressions of VEGF and 
VEGFR1 were demonstrated in patients 
with asthma, which can result in mucosal 
engorgement and oedema, thus contrib-
uting to airway inner-wall thickening and 
subsequent airflow limitation; perhaps es-
pecially relevant in acute exacerbation of 

asthma. Accordingly, submucosal gland 
hyperplasia, smooth muscle mass, subepi-
thelial fibrosis and neovascularisation in-
creased in those patients. The up-regulated 
expressions of VEGF and its receptor corre-
lated well with airway remodelling, airflow 
obstruction and AHR. It indicates VEGF 
and its receptor may be involved in the pro-
cedure of airway remodelling in asthma.

Treatment with ICS/LABA is the 
recommended maintenance treatment 
option for adults with persistent asthma. 
The formoterol component is associated 
with a rapid onset of bronchodilatory ef-

A B C

D E F

Figure 2. Expression of vascular endothelial growth factor (VEGF) and vascular endothelial growth factor 
receptor 1 (VEGFR1) in airway epithelial cells (ICH ×400). A, B and C were incubated with VEGF 
antibody and stained with DAB (brown), while D, E and F were incubated with VEGFR1 antibody and 
stained with DAB (brown). A and D were the control group; B and E were the asthma group pretreatment; 
C and F were the asthma group after treatment with budesonide/formoterol. VEGF was expressed mainly 
in the airway epithelial cells and secondarily in the smooth muscle cells from patients in all groups. 
VEGFR1 was expressed mainly in the blood vessel endothelium and secondarily in the airway epithelial 
cells and smooth muscle cells. The asthma groups showed more positively stained airway epithelial cells 
than the control group. Budesonide/formoterol treatment decreased the expression of VEGF and 
VEGFR1 in patients with asthma.
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fect. Budesonide, on the other hand, has a 
prolonged dwell time in the airway tissues, 
resulting in a long duration of anti-inflam-
matory effect and modulating collagen 
deposition, and the expression of alpha-
smooth muscle actin in peripheral air-
ways.23 Budesonide/formoterol decreased 
the expression of VEGF and VEGFR1 and 
therefore decreased airway remodelling in 
patients with asthma in our study. VEGF 
is a specific and powerful angiogenic factor 
that can induce capillary hyper-permeabil-
ity in vivo. It has been shown to increase 
fluid permeability from blood vessels when 
injected intradermally and promote the 
growth of new blood vessels when admin-
istered into healing rabbit bone grafts or rat 
corneas.24 Increased vessel numbers, vascu-
lar surface area, and exaggerated expression 
of VEGF were demonstrated in the asth-
matic airway in our findings. Increase in the 
number and size of vessels can contribute 
to thickening of airway wall, which leads to 
critical narrowing of bronchial lumen when 
bronchial smooth muscle contraction oc-
curs.25 VEGF also increases vascular per-
meability so that plasma protein, including 
inflammatory mediators and cells, can leak 
into the extravascular space to allow the 
migration of inflammatory cells into the 
airways.26,27 This supports the concept that 
VEGF may indeed be an active participant 
in the microvascular remodelling process.

VEGFR1 and VEGFR2 are the two 
main receptors for VEGF signalling in  
human airways.21 Both receptors are  
located on the vascular endothelium, but 
have divergent functions in vivo. VEGFR2 
has been demonstrated to be the active re-
ceptor involved in the mediation of major 
growth and permeability actions of VEGF, 
whereas VEGFR1 has been postulated to act 

as a modulating decoy to VEGFR2, thereby 
inhibiting VEGFR2–VEGF binding.28  
Interestingly, it is the decoy receptor  
VEGFR1 that has the higher affinity for 
the VEGF ligand,29 emphasising its po-
tential strategic importance. In our study, 
increased expressions of VEGF and 
VEGFR1 correlated with the increased 
number and size of vessels in asthmat-
ic airway. The expression of VEGFR1 
was seen to be secondarily in the air-
way epithelial cells and smooth muscle 
cells and this may indicate the influence  
of VEGF–VEGFR1 on these cells. 

Matrix metalloproteinase-9 (MMP-9) 
is one of the major proteinases involved 
in airway inflammation and bronchial 
remodelling in asthma.30,31 In addition, 
MMP-9 induces migration of eosinophils, 
lymphocytes and neutrophils across base-
ment membranes.32,33 There is also a close 
relationship between VEGF and MMP-9 
expression in that inhibition of VEGFR1 
down-regulates the expression of MMP-9, 
which suggests that VEGF signalling regu-
lates MMP-9 expression and plays a criti-
cal role in initiation and maintenance of 
asthma.34 This indicates that VEGF and its 
receptor are mediators of vascular and ex-
travascular remodelling and inflammation 
that enhances antigen sensitisation and is 
crucial in adaptive Th2-cell-mediated in-
flammation. Therefore inhibition of the 
VEGF receptors may be a good therapeutic 
strategy.35,36

Some earlier studies have also sug-
gested that airway structural changes 
are associated with airflow limitation or 
AHR.37–39 Together, these findings sug-
gest that airway structural changes can 
impair respiratory function and aggravate 
asthmatic symptoms even in patients with 
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mild asthma. Although inhalation of ste-
roids can inhibit airway inflammation 
in asthma, whether it can reverse airway 
structural changes is controversial.40 

The combination inhaler of budes-
onide/formoterol has been shown to re-
duce the expression of VEGF and VEGFR1, 
submucosal gland hyperplasia, smooth 
muscle mass, thickness of reticular base-
ment membrane, subepithelial fibrosis and 
neovascularisation after treating patients 
with asthma for 6 months. The results 
from our study suggest that treatment with 
budesonide/formoterol should be started 
as soon as diagnosis occurs, which could 
prevent airway remodelling being aggra-
vated in the early stages of the disease.

A limitation of our study is that we 
do not have any data about the effects of 
VEGF receptor inhibitors on airway mod-
elling in patients with asthma. This re-
quires further investigation.

In conclusion, increased expression 
of VEGF and VEGFR1 are accompanied 
by increased number and size of vessels 
in asthmatic airways, as well as airway 
remodelling. Relationships observed be-
tween VEGF and its receptors and vas-
cularity suggest a complex, coordinated 
control feedback system, even within the 
remodelling process. Budesonide/formot-
erol can decrease the expressions of VEGF 
and VEGFR1 with airway remodelling in 
asthma. The inhibition of VEGF and its 
receptor may be a good therapeutic strat-
egy for asthma. 
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