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Introduction
Bronchial asthma is a chronic inflammatory disease of the 
airways that is characterized by respiratory symptoms associ-
ated with variable airflow obstruction, airway hyper-respon-
siveness, and airway remodeling[1].  Airway remodeling refers 
to airway structural alterations that likely have clinical con-
sequences.  Epithelial shedding, goblet cell and submucosal 
gland hyperplasia, increased accumulation of smooth muscle 
bundles and extracellular matrix (ECM), microvascular altera-
tions, cartilage changes, and airway wall edema are the main 
histological features of asthmatic airways[2].  The ECM remains 
in a state of dynamic equilibrium of new synthesis and degra-
dation due to the action of matrix metalloproteinases (MMPs) 
and tissue inhibitors of metalloproteinases (TIMPs)[3] as well 
as growth factors such as transforming growth factor β1 

(TGF-β1)[4].  Of the MMP family, MMP-9 is one of the major 
proteinases involved in airway inflammation and bronchial 
remodeling in asthma[5, 6].  TIMP-1, the major inhibitor of 
MMP-9, has also been postulated to act in airway remodeling.  
In addition, TGF-β1 induces ECM deposition and thus contrib-
utes critically to fibrosis in the airways and lungs[4].

High-resolution computed tomography (HRCT) has made it 
possible to accurately measure airway dimensions.  Quantita-
tive analysis of bronchial wall thickness (WT), airway narrow-
ing, and bronchodilation can be performed for patients with 
pulmonary diseases, such as bronchial asthma, by measuring 
airway dimensions[7].  Numerous image analysis techniques 
have been developed for measurement of airway dimen-
sions[8–10].  These techniques make it possible to accurately 
measure changes in airway dimensions longitudinally or after 
intervention by matching CT sections of the same airways in a 
non-invasive way.  

Corticosteroids are effective in controlling asthma.  Corticos-
teroids reduce airway eosinophilic inflammation and expres-
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sion of GM-CSF, IL-4, IL-5, IL-11, and IL-17[11].  The combina-
tion of inhaled corticosteroids (ICSs) with long-acting inhaled 
β2-agonists (LABAs) has been recommended to improve the 
effectiveness of asthma treatment[12].  Formoterol-budesonide 
is preferentially delivered and deposited in the distal airways.  
However, it is not clear whether formoterol-budesonide depo-
sition in peripheral airways can influence airway remodeling.
The present study evaluated whether formoterol-budesonide 
can influence airway remodeling.  To this end, we examined 
the expression levels of MMP-9, TIMP-1, and TGFβ1 in the spu-
tum of patients with asthma compared to those treated with 
formoterol-budesonide.  Thin-section CT was used to evaluate 
the degree of airway remodeling.

Materials and methods
Study design
A single-center, open-label study was conducted in adult 
patients with moderate asthma to evaluate the effect of 
inhaled formoterol-budesonide on peripheral remodeling.  
The Ethics Committee of West China Hospital, Sichuan Uni-
versity, approved the study, and all subjects gave written 

informed consent.  Patients and control subjects who met the 
inclusion and exclusion criteria had a baseline thin-section CT 
scan, an induced sputum collection, and a lung function exam.  
Patients were then treated with formoterol-budesonide (Sym-
bicort, AstraZeneca, Lund, Sweden; 4.5/160 µg twice daily) for 
one year.  After treatment for one year, another thin-section 
CT scan, induced sputum collection, and lung function exam 
were conducted.  The effect of formoterol-budesonide on air-
way remodeling was measured by comparisons of CT images, 
expression levels of cytokines and growth factors in induced 
sputum, and airway hyper-responsiveness.

Subjects
Thirty patients were diagnosed with moderate asthma accord-
ing to the Global Initiative for Asthma (GINA) 2006 [http://
www.ginasthma.org], and thirty more were used as control 
subjects.  Patients with chronic bronchitis or any major comor-
bid disease that might affect asthma disease activity, such 
as HIV, metastatic cancer, and congestive heart failure were 
excluded from the study.  Subjects with moderate asthma had 
to fulfill the following criteria: daily symptoms; exacerbations 
that may affect activity and sleep; nocturnal symptoms more 
than once a week; daily use of inhaled short-acting β2-agonist; 
FEV1 or PEF 60% to 80% predicted; and PEF or FEV1 variabil-
ity >30%.  Asthmatic subjects had not used any steroids within 
the 180 d preceding the beginning of the study.  Healthy 
control subjects were recruited from hospital personnel who 
answered in a screening questionnaire that they did not have 
respiratory symptoms and who had FEV1 values of more than 
80% of the predicted value, PC20 methacholine of more than 
10 mg/mL, and normal findings on simple chest radiograms.  
All subjects were nonsmokers or ex-smokers of at least 2 years 
with a smoking history of less than 15 pack-years.  None of the 
subjects had respiratory tract infections in the 2 weeks preced-
ing the two follow-ups.

Sputum collection and procession
Induced sputum was obtained according a previously 
described method, with slight modification[13].  The sputum 
was examined within 1 h.  The entire sputum sample was 
inspected for salivary contamination under an inverted micro-
scope; all portions that appeared free of salivary contamina-
tion were placed in a 15-mL polystyrene tube using forceps.  
Dithiothreitol (a final concentration of 1 mmol/L) was freshly 
diluted in distilled water equal to 4 times the sputum weight 
and added to the sputum sample.  The mixture was vortexed 
for 30 s and then placed on a bench rocker and rocked for 15 
min.  A further 4 volumes of Dulbecco’s phosphate-buffered 
saline was added to stop the effect of dithiothreitol and rocked 
for 5 min.  The suspension was filtered through a 70-μm cell 
strainer.  The resulting suspension was centrifuged at 800×g 
for 10 min and the supernatant was aspirated and stored in 
Eppendorf tubes at –70°C in the presence of aprotinin.  All 
subjects produced an adequate specimen of sputum; a sample 
was considered adequate if the patient was able to expectorate 
at least 2 mL of sputum.

Total cell counts were performed in a hemocytometer and 
expressed as millions per milligram of selected induced spu-
tum.  The proportion of salivary squamous cells was noted.  
Differential cell counts were performed by counting 400 
cells on May Grünwald Giemsa-stained slides.  Results were 
expressed as a percentage of the total cell count.  Slides were 
coded and cell counts were performed by an expert observer 
who did not know the clinical characteristics of the patients.  
Only samples with cell viability >70% and squamous cell con-
tamination <20% were considered adequate.

TGF-β1, MMP-9, and TIMP-1 concentrations were measured 
with enzyme-linked immunosorbent assay kits (R&D Systems 
Inc, Minneapolis, MN, USA; Bender MedSystems GmbH, 
Vienna, Austria; BioSource International Inc, Camarillo, CA, 
USA) according to the manufacturer’s guidelines.  The mini-
mum detectable levels of TGF-β1, MMP-9, and TIMP-1 in these 
assay systems were 1.7 pg/mL, 0.8 ng/mL, and 1 ng/mL, 
respectively.  All results were corrected for the volume and 
dilution of sputum or saliva.

High-resolution computed tomography (HRCT) protocol
HRCT was performed using a multi-detector row spiral CT 
scanner (Sensation 16, Siemens Medical System, Erlangen, Ger-
many) with sixteen detector arrays.  Patients were scanned in 
the supine position during one breath hold at deep inspiration.  
The scans were obtained with 16×1 mm collimation at 10 mm 
intervals, with a table feed of 11 mm per 0.5 s scanner rotation.  
Scanning was performed at 120 kV and 80 mAs, regardless 
of patient size, using a 512×512 matrix.  Images were recon-
structed with a bone algorithm and a 512×512 matrix.  Images 
were viewed at a window level of -450 HU and a width of 
1500 HU.  CT scans were interpreted by two radiologists who 
were unaware of the clinical history of the patients and control 
subjects.

Bronchial wall thickening was assessed as follows.  All 
visible sections of bronchi were counted at five levels in the 
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pulmonary fields (right and left lungs), and all circular (com-
plete circles or at least two thirds of a circle) and longitudinal 
bronchi except the hilar bronchi were included.  The five levels 
were 1 cm above the carina (Level 1), 1 cm below the carina 
(Level 2), the right pulmonary vein (Level 3), 3 cm below the 
top of the pulmonary vein (Level 4), and above the right side 
of the diaphragm (Level 5).  The bronchial wall thickness at 
these five levels was measured.  The following parameters 
were determined with semiautomatic image-processing pro-
gram: luminal area (LA), total airway area (TA), short axis of 
lumen (LSD), and short axis of total airway (TSD).  In airways 
in which an adjacent vessel or a branching of a small bronchus 
abutted the boundary of the airway, an extrapolated line was 
traced.  Airway wall area (WA) was calculated as TA-LA and 
WT was calculated as (TSD-LSD)/2.  Relative WA (WA% = 
[WA/TA]×100) was also calculated.

Statistical analysis
All data are expressed as the mean±SEM.  Statistical analy-
ses were performed using SPSS 12.0 software.  Statistical 
significance was analyzed with one-way analysis of variance 
(ANOVA) followed by the Student-Newman-Keuls test to iso-
late significant difference.  Chi-square test and Pearson corre-
lation analysis were also used.  A P value less than 0.05 (two-
tailed test) was considered statistically significant.

Results
Subjects
The sixty patients were divided into an asthma group and a 
control group.  The patients’ demographic characteristics are 
listed in Table 1.

The differences in age and gender between the two groups 
were not significant.  Otherwise, the differences of FVC %pred, 
FEV1 %pred, PC20, V75 %pred, V50 %pred, and V25 %pred were 
significant between the two groups.  After treatment, asthma 
symptoms had been relieved, and the differences of lung func-

tion were significant.

Evaluations of cytokines in induced sputum
The levels of MMP-9, TIMP-1, and TGF-β1 were increased, 
and there was a tendency for a higher MMP-9/TIMP-1 ratio in 
patients with asthma.  After treatment with formoterol-budes-
onide, the levels of cytokines decreased significantly (Table 2).

 
HRCT evaluation
The bronchial wall thickening based on the number of bronchi 
counted on HRCT scans is shown in Figure 1 and Table 3.  The 
WT and WA% in the asthma group before treatment were sig-
nificantly increased compared to data from the control group.  
After treatment, the WT and WA% of the patients with asthma 
decreased, and the differences were also significant compared 
to the data before treatment.

Correlation analysis
The WT and WA% of patients with asthma were well cor-
related with hyper-responsiveness, degree of infiltration of 
inflammatory cells, and concentration of chemokines involved 
in airway remodeling, while being negatively correlated with 
FEV1/FVC and FEV1%.  Importantly, the WT and WA% of 
patients with asthma were more correlated in the proximal 
airway than in the distal airway (Table 4).  

Discussion
We demonstrated that FEV1/FVC and FEV1% decreased, while 
airway hyper-responsiveness, degree of infiltration of inflam-
matory cells, and concentration of chemokines involved in air-
way remodeling increased in patients with moderate asthma 
compared to patients in a control group.  Formoterol-budes-
onide can interfere in the chronic inflammation and remod-

Table 2.  Results measured in sputum. Data are presented as mean±SeM.  
bP<0.05, cP<0.01 compared with normal control subjects.  eP<0.05, 
fP<0.01 compared with asthma group pre-treatment.

                                      Control group         Asthma group       Asthma group
                                           (n=30)               pre-treatment      after treatment
                                                                           (n=30)                  (n=30) 
 
Volume (mL)     2.7±0.6     3.2±0.8      2.5±0.5
SQU (%)   32.6±8.5   29.7±9.2      30.4±10.7
TLC (×106/mL)      2.1±0.7      3.4±1.0b      2.4±0.9e

Macrophages (%)   59.7±6.8   49.2±5.3c    55.0±7.7be

Lymphocytes (%)     1.9±0.5      1.6±0.5      1.7±0.7
Neutrophils (%)    37.4±6.8   29.3±8.4c    39.8±10.1be

Eosinophils (%)     0.9±0.3      4.1±0.8c      1.8±0.5cf

MMP-9 (ng/mL)   66.8±12.1 184.7±23.4c 120.5±14.9cf

TIMP-1 (ng/mL) 129.8±34.2 275.4±69.6c 208.9±59.7cf

MMP-9/TIMP-1   0.47±0.11   0.69±0.18c    57.4±0.14cf

TGF-β1 (ng/mL)   14.6±5.7   35.1±16.3c    25.8±13.9be

SQU, squamous epithelial cells; TLC, total inflammatory cell count.

Table 1.  Demographic characteristic of study subjects. Data are 
presented as mean±SeM.  bP<0.05, cP<0.01 compared with normal 
control subjects.  eP<0.05, fP<0.01 compared with asthma group pre-
treatment. 

                                      Control group          Asthma group       Asthma group
                                          (n=30)                  pre-treatment     after treatment
                                                                            (n=30)                  (n=30) 
 
Age (Year)   33.3±6.80 35.2±3.16 35.2±3.16
Gender (M/F)      16/14     16/14     16/14
FVC %pred (%)   95.6±4.21 75.7±5.28b 83.4±3.41e

FEV1 %pred (%) 103.2±6.95 68.3±2.86c 88.2±4.12f

PC20 (mg/mL)        >10 1.23±0.45c 4.29±0.62f

V75 %pred (%) 102.6±8.62 66.4±12.7c 95.1±9.3e

V50 %pred (%)   94.3±10.8 53.9±17.1c 74.4±10.1e

V25 %pred (%)   96.0±24.5 59.0±18.5c 83.5±11.6f
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eling in the airway as well as relieve asthmatic symptoms.  
The WT and WA% in the moderate asthma group before 
treatment were significantly increased compared to data in 
the control group.  After treatment, the WT and WA% of the 
asthmatic patients decreased.  The WT and WA% of patients 
with asthma were well correlated with hyper-responsiveness, 
degree of infiltration of inflammatory cells, and concentration 
of chemokines involved in airway remodeling, while being 
negatively correlated with data of FEV1/FVC and FEV1%.  
Importantly, the WT and WA% of patients with asthma were 
more correlated in the proximal airway than in the distal air-
way.  

Chronic inflammation and airway remodeling is an impor-
tant feature of asthma, including infiltration of eosinophils, 
lymphocytes, and mast cells in the airway and the structural 
changes of airway walls.  Observing airway inflammation and 
airway remodeling can directly evaluate the severity of asthma 
and effect of treatment[14].  Biopsy or bronchoalveolar lavage 

through a bronchofibroscope is an invasive procedure that is 
risky and has poor tolerance and repeatability.  The clinical 
administration of bronchofibroscope is limited, and it is only 
suitable for scientific research in patients with mild asthma.  
Therefore, evaluation of clinical severity and treatment effect 
are determined indirectly by clinical manifestations and lung 
function, methods that are flawed.  When bronchodilators are 
used to improve airway reactivity, symptoms and lung func-
tion do not reflect the degree of airway inflammation at that 
time.

As a non-invasive technology that can objectively reflect 
the state of airway inflammation, induced sputum technique 
has been applied to study the pathogenesis and development 
of airway inflammatory disease[15, 16].  As a semi-quantitative 
technology, it is similar to biopsy of bronchial mucosa and 
bronchoalveolar lavage for determining the levels of inflam-
matory cytokines.  In our study, there were increased levels of 
MMP-9, TIMP-1, and TGF-β1 as well as a tendency for a higher 

Figure 1.  evaluation of airway remodeling by HRCT in five levels.  (A) Follow ing 
parameters were determined with semiautomatic image-processing program: luminal 
area (LA), total airway area (TA), short axis of lumen (LSD), and short axis of total 
airway (TSD).  In airways in which adjacent vessel or branching of small bronchus 
abutted boundary of airway, extrapolated line was traced by one radiologist. Airway 
wall area (WA) was calculated as TA-LA, and airway wall thickness (WT) was calculated 
as (TSD-LSD)/2.  Relative WA (WA%=[WA/TA]*100%) and ratio of airway WT to total 
diameter (D) (WT/D=WT/TSD) were calculated.  (B) The HRCT images of a 35-year-
old man in control group.  (C) The HRCT images of a 38-year-old man with moderate, 
persistent symptoms of asthma pre-treatment.  (D) The HRCT images of the same 
38-year-old man with moderate, persistent symptoms of asthma after treatment.
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MMP-9/TIMP-1 ratio in patients with asthma.  After treatment 
with formoterol-budesonide, the levels of the increased cytok-

ines decreased significantly.  The counts of neutrophils and 
eosinophils reflect the degree of chronic inflammation, while 
the levels of TGF-β1, MMP-9, and TIMP-1 reflect the degree of 
airway remodeling[3–6].  TGF-β1 is a 25-kDa homologous molec-
ular dimer that can promote fibroblasts to differentiate into 
myofibroblasts, which can then secrete interstitial collagen[17].  
TGF-β1 can stimulate the synthesis and deposition of the ECM 
and inhibit enzymatic degradation of matrix proteins, thus 
regulating the expression of cell-surface matrix protein recep-
tors.  In asthmatic airways, in situ hybridization and immu-
nohistochemical studies indicate that TGF-β1 is increased and 
associated predominantly with submucosal and inflammatory 
cells, including fibroblasts, smooth muscle cells, eosinophils, 
macrophages, and the airway ECM, with variable expression 
associated with epithelial cells[18].  Matrix metalloproteinase 
(MMP) is the main rate-limiting enzyme that regulates the 
extracellular matrix[19].  In the state of asthma, too much MMP 
is generated, leading to an imbalance of MMP/TIMP, exces-
sive degradation of extracellular matrix, and the imbalance of 
degradation/synthesis, causing structural damage to lung tis-
sue and airway remodeling.  MMP-9 and TIMP-1 are the most 
important factors involved in this process[19].  In our study, 
we found that there were increased levels of MMP-9, TIMP-
1, and TGF-β1 and a tendency for a higher MMP-9/TIMP-1 
ratio in patients with asthma, as well as clinical symptoms 
and hyper-responsiveness in the airway.  After treatment with 
formoterol-budesonide for one year, the increased levels of 
cytokines significantly decreased, as did the degree of infil-
tration of inflammatory cells, clinical symptoms and hyper-
responsiveness in the airway.  

The pathology of asthma involves both large and small air-
ways.  The traditional lung function test preferentially identi-
fies changes in large airways, and biopsy of the small airways 
is very difficult to achieve.  Traditional chest X-ray and CT 
cannot distinguish between the minute structures of the lungs.  
High-resolution spiral CT-ray beams go through a narrow col-
limator using bone algorithm image reconstruction, which can 
show airways 1.5 to 2 mm in diameter and identify constitu-
tions of 100 to 200 µm[8].  Thus, HRCT has a higher resolution 
than traditional chest X-ray and CT in the imaging of airway 
and lung substance and can show narrower parts of the air-
ways.  Because of its non-invasive and intuitive features, it has 
been used to evaluate airway remodeling in chronic inflamma-
tory diseases in recent years[9, 20].  Kasahara et al[21] measured the 
thickness of the epithelial reticular basement membrane (RBM) 
in the bronchial biopsy specimens of 49 patients with asthma 
and 18 healthy controls.  HRCT evaluation of airway wall 
thickness was performed, which showed that the percentage 
of the airway wall area to the total airway area (WA%) and the 
percentage of the thickness of the airway wall to the diameter 
of the airway (WT%) in the asthma group were significantly 
higher than in the normal group; in addition, both WA% and 
WT% were well correlated with the thickness of the RBM 
while being negatively correlated with the FEV1 of asthmatic 
patients.  Thickening of the RBM was accompanied by airway 
thickening, which could lead to irreversible airflow obstruc-

Table 4A.  Coefficient correlation of WT, WA% correlated with data of 
patients’ lung function and inflammatory factors in the induced sputum. 
bP<0.05.

       WA%                  Level 1 Level 2   Level 3    Level 4    Level 5
 
FEV1/FVC -0.657b -0.628b -0.591b -0.412b -0.245
FEV1 %pred -0.563b -0.574b -0.533b -0.376b -0.304b

PC20  0.578b 0.452b 0.593b 0.317b 0.294
TLC  0.312b 0.370b 0.365b 0.276 0.221
Neutrophils 0.449b 0.492b 0.436b 0.387b 0.339b

eosinophils 0.602b 0.548b 0.559b 0.507b 0.530b

MMP-9 0.551b 0.437b 0.491b 0.354b 0.206
TIMP-1 0.495b 0.448b 0.467b 0.339b 0.346b

MMP-9/TIMP-1 0.734b 0.778b 0.692b 0.650b 0.632b

TGF-β1 0.773b 0.702b 0.754b 0.717b 0.668b

Table 4B.   Coefficient correlation of WA% correlated with data of patients’ 
lung function and inflammatory factors in the induced sputum.  bP<0.05.

      WA%                  Level 1 Level 2   Level 3    Level 4    Level 5 
 
FEV1/FVC -0.573b -0.622b -0.549b -0.477b -0.398b

FEV1 %pred -0.448b -0.493b -0.404b -0.376b -0.382b

PC20  0.636b  0.679b  0.682b  0.561b  0.470b

TLC  0.352b  0.394b  0.351b  0.282  0.195
Neutrophils  0.560b  0.533b  0.438b  0.427b  0.362
eosinophils  0.599b  0.548b  0.552b  0.571b  0.496b

MMP-9  0.547b  0.449b  0.437b  0.405b  0.398b

TIMP-1  0.641b  0.578b  0.545b  0.548b  0.512b

MMP-9/TIMP-1  0.757b  0.749b  0.730b  0.782b  0.751b

TGF-β1  0.719b  0.681b  0.655b  0.639b  0.633b

Table 3.  HRCT measurements of airway dimensions. Data are presented 
as mean±SeM.  bP<0.05, cP<0.01 compared with normal control subjects. 
eP<0.05, fP<0.01 compared with asthma group pre-treatment.

                              Control group             Asthma group          Asthma group
                                   (n=30)                   pre-treatment         after treatment
                                                                       (n=30)                 (n=30) 
 
WT (mm)   
Level 1 0.15±0.02 0.31±0.03c 0.28±0.04cf

Level 2 0.12±0.03 0.24±0.02c 0.20±0.03cf

Level 3 0.10±0.01 0.17±0.02c 0.14±0.02be

Level 4 0.06±0.01 0.09±0.01b 0.07±0.01be

Level 5 0.03±0.01 0.06±0.01b 0.04±0.01be

WA% (%)   
Level 1   6.3±2.1 12.7±3.4c 10.5±4.2ce

Level 2 19.8±4.2 33.5±9.6c 28.9±5.7cf

Level 3 32.7±7.6 42.6±11.0c 37.4±4.5ce

Level 4 35.8±7.7 45.2±19.1c 37.3±6.4be

Level 5 41.3±10.4 58.6±17.3c 43.3±9.9be
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tion.  HRCT showed that the airway wall thickening was well 
correlated with thickening of the RBM as shown by bronchial 
biopsy, and thickening of the airway wall had a good corre-
lation with the deterioration of pulmonary function.  Gupta 

et al[22] found that HRCT scan abnormalities were present in 
80% of subjects with severe asthma and often coexisted with 
bronchial wall thickening (62%), bronchiectasis (40%), and 
emphysema (8%).  HRCT scans can reliably predict important 
bronchial wall changes.  In this study, we carried out HRCT 
scans to evaluate airway remodeling at five levels so that the 
measurements of the small airways were more representative 
of degree of airway remodeling.  The WT and WA% in the 
asthma group before treatment were significantly increased 
compared to data in the control group.  After treatment, the 
WT and WA% of the patients with asthma decreased.  The WT 
and WA% of patients with asthma were well correlated with 
hyper-responsiveness, degree of infiltration of inflammatory 
cells, and concentration of chemokines involved in the process 
of airway remodeling and were negatively correlated with 
FEV1/FVC and FEV1%.  The WT and WA% of patients with 
asthma accurately reflected the degree of airway remodeling 
in patients with asthma.  Reversible airway obstruction by 
factors such as secretions in the airway, mucus plug, broncho-
spasm, and edema of the airway wall could lead to the over-
estimation of airway wall thickness[23].  Before examination of 
high-resolution spiral CT, reversible obstructive factors should 
be reduced to a minimum.  Measurement with a HRCT scan 
is also affected by many factors such as the subjective judg-
ment of radiologists, window width, and window level[24].  
This variability indicates that the accuracy and repeatability 
of direct measurement of changes in the small airway lumen 
should be improved.  In our study, these changes were more 
accurate in the proximal airways than in the distal airways.  A 
number of technical factors, including the methods of recon-
struction, vision and image scanning current, and voltage, also 
need to be further studied.

ICS in combination with LABA inhalers are recommended 
for the treatment of persistent asthma.  Budesonide can inhibit 
airway eosinophilic inflammation and reduce the number of 
mast cells and release of inflammatory mediators.  Formoterol 
can stabilize the mast cell membrane, relax bronchial smooth 
muscle, inhibit capillary leakage, and activate sensory nerve 
endings.  Budesonide and formoterol can complement and 
promote each other in the treatment of asthma[24].  Usmani et 
al[25] found that formoterol might promote glucocorticoster-
oid receptors transferred to the nucleus and thus play a role 
in anti-inflammatory activity.  Budesonide can upregulate 
the expression of β2 receptors and suppress the expression of 
GATA-3, which plays a role in the interaction between anti-
gen-presenting cells and effect cells in the process of asthma[26].  
Some earlier studies have also suggested that airway struc-
tural changes are associated with airflow limitation or airway 
hyper-responsiveness[27–29].  Taken together, these findings sug-
gest that the airway structural changes can impair respiratory 

function and aggravate asthmatic symptoms even in patients 
with mild asthma.  Although inhalation of steroids can inhibit 

airway inflammation in asthma, it is still unclear whether it 
can reverse airway structural changes[30].  Our research found 
that inhalation of budesonide-ormoterol for one year could 
effectively alleviate asthma symptoms, improve lung function, 
reduce airway hyper-responsiveness, inhibit inflammatory cell 
infiltration, and reverse airway remodeling in patients with 
asthma.  These results suggest that treatment with budesonide-
formoterol might be started from the early stage of even mild 
bronchial asthma.

In conclusion, formoterol-budesonide might interfere in 
chronic inflammation and remodeling in the airways as well as 
relieve asthmatic symptoms.  HRCT and induced sputum can 
be applied to the evaluation of airway remodeling in asthma, 
which needs to be further studied.
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