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Abstract: Objective: To investigate the relationship between exhaled NO and vascular endothelial growth factor
(VEGF) expression in bronchial asthma patients with asthma severity and airway inflammation. Methods: From
January 2015 to December 2017, 260 patients with bronchial asthma diagnosed in our hospital were enrolled. The
expression of VEGF in the induced sputum was measured by enzyme-linked immunosorbent assay (ELISA) in the
control (n=260) and asthma groups (n=260) in the same period. The NO concentration was measured on the same
day. Results: Intercellular adhesion molecule-1 (ICAM-1), VEGF, tumor necrosis factor-α (TNF-α) and interleukin-6 (IL6) levels were significantly elevated in sputum of patients with acute asthma, and the concentration in exhaled NO
of all patients was also significantly higher than the control group and the stable phase of asthma. The expression
of ICAM-1, VEGF, TNF-α and IL-6 was significantly elevated in patients with severe asthma. There were significant differences in patients with mild to moderate asthma (P<0.05). Correlation analysis showed that VEGF, IL-6 and TNF-α
were positively correlated with the degree of asthma (P<0.05), but negatively correlated with FEV1.0, FEV1.0/FVC%
and PEF (P<0.05). Conclusion: The expression of VEGF in sputum in patients with bronchial asthma is closely related to the severity of asthma and airway inflammation.
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Introduction
Bronchial asthma is a group of chronic respiratory diseases characterized by an airway inflammatory response. There is airway hypersensitivity and inflammatory factor activation in
bronchial asthma [1, 2]. The expression levels
of various proinflammatory factors are closely
related to the occurrence and development of
airway inflammation, which reflects the pathological characteristics of bronchial asthma to
some extent. The severity of airway inflammation greatly affects the prognosis of children
[3]. Vascular endothelial growth factor (VEGF)
can also be a factor that mediates and binds to
specific receptors, and factors that mediate its
effects include intercellular adhesion molecule-1 (ICAM-1), which regulates cells together,
interacting and participating in vascular proliferation and tissue and organ diseases. Usually,
the level of clinical prognosis has a certain rela-

tionship with the severity of the disease, reflecting the basic condition of asthma patients.
Determination of VEGF expression in patients
with sputum may play a role in the diagnosis
and treatment of asthma patients [4-6]. In addition, studies have found that the level of exhaled
nitric oxide (NO) in asthma attacks is significantly higher than in the control group [7]. This
study retrospectively analyzed the expression
levels of ICAM-1 and VEGF in 260 induced sputum, as well as the detection of exhaled NO levels, and explored the relationship between
VEGF expression levels and adult clinical prognosis and confirmed that exhaled NO can be
used to assess airway inflammation. In this
paper, the expression of ICAM-1 and VEGF and
the level of exhaled NO in 260 cases of induced sputum were detected. The relationship
between patient prognosis and VEGF expression levels was studied and confirmed that
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sent to the study, complete follow-up. Exclusion criteria: (1) respiraTNF-α (μg/L) IL-6 (μg/L)
tory infections occurred
10.24±2.52 6.15±0.73
within 3 months; (2) glucocorticoids, bronchodi22.19±2.52 13.53±3.84
lators, leukotriene recep36.29±4.62 25.46±1.25
tor antagonists were used in the past 3 months;
(3) severe asthma combined with apnea, shock,
coma, gastrointestinal bleeding, upper respiratory tract obstruction and other serious diseases; (4) combined with bronchiectasis, heart disease, chronic obstructive pulmonary disease
and other serious cardiopulmonary diseases
[9]; (5) cannot cooperate with the study.

Table 1. Comparison of the distribution of factor expression levels in
sputum between control group and asthma group
Groups
n ICAM-1 (μg/L)
Control
260 6.35±4.58
Asthma
Stable period 243 22.63±6.78
Acute period 260 38.34±8.37

VEGF (μg/L)
10.36±2.67
25.45±7.48
37.67±4.38

Methods

Figure 1. Comparison of the distribution of factor expression levels in sputum between control group and
asthma group.

exhaled NO can be used to assess airway
inflammation.
Subjects and methods
Subjects
260 children with bronchial asthma who
were hospitalized between January 2015 to
December 2017 were included in the asthma
group. The diagnosis of bronchial asthma is
based on the relevant diagnostic criteria of the
Chinese Medical Association Pediatrics [8]. The
study was approved by the hospital ethical
committee and all patients in the study signed
the informed consent.
Of the 260 cases, 115 were men and 145 were
women; the mean age was (48.72±4.27) years;
108 were mild asthma, 117 were moderate
asthma, and 35 were severe asthma. In addition, 260 healthy subjects with an average age
of (49.13±4.65) years old were enrolled in the
control group, including 104 males and 156
females. There was no significant difference in
the general data between the case group and
the control group (P>0.05), which was
comparable.
Inclusion criteria: (1) meet the diagnostic criteria for bronchial asthma [8]; (2) informed con5402

Evaluation criteria: Acute asthma attacks are
characterized by wheezing, shortness of breath,
cough, chest tightness, or acute exacerbations,
often accompanied by difficulty breathing,
characterized by decreased expiratory flow. The
stable period means that the asthma attack
has been controlled and the condition is stable
for more than 2 weeks [8]. Acute exacerbation
of bronchial asthma can be divided into mild,
moderate, and severe asthma according to the
condition. Mild self-conscious symptoms are
mild, moderate breathing difficulties, severe
weight including severe and critical, extremely
difficult breathing, cyanosis and even syncope
[8].
Treatment methods
Children with acute bronchial asthma are treated according to the condition, including oxygen,
spasm and electrolyte adjustment. The primary
treatment for patients with mild and some
moderate acute episodes is multiple inhalation
of active β2 agonists. For some patients with
moderate and severe acute attacks, oxygen
therapy should be given immediately, in addition to repeated application offast-acting β2
receptor agonist. It can be supplied by a pressure-quantitative aerosol storage device or a
spray nebulizer [8-10].
Observation indicators
Exhaled NO test was performed using a FeNO
analyzer (Niox Mino, Sweden, Aerocrine AB).
The subject took the seat while measuring,
holding the water meter in one hand, holding
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data according to the
normal distribution is
expressed with % and
VEGF (μg/L) TNF-α (μg/L) IL-6 (μg/L)
compared by a chi23.75±8.38 21.24±2.39 18.15±0.73
square test; the mea31.67±9.46 33.37±4.38 23.46±1.25
sured data is repre43.38±11.32 42.43±2.49 35.15±0.73
sented as x±s, and
the comparison between groups is performed using an independent
sample t test or a paired sample t test.
Nonparametric rank sum test was performed
on data that does not conform to a normal distribution. Correlation between inflammatory
factor levels and lung function in sputum agglutination in children with asthma was studied
using Pearson correlation analysis. P<0.05,
was considered significant.

Table 2. Expression levels of factors in sputum of patients with different
degrees of asthma
Groups
n ICAM-1 (μg/L)
Mild asthma
108 28.57±9.38
Moderate asthma 115 32.78±8.54
Severe asthma
37 42.54±9.37

Figure 2. Expression levels of factors in sputum of
patients with different degrees of asthma.

the nose in the other hand, exhaling the air in
the lungs, then placing the filter tightly in the
mouth and inhaling slowly until the total amount
of lungs. Through computer graphics observation, when the gas was exhaled from the lungs
at a uniform speed of 50 ml/s for 10 s, the
reading value was measured after 90 s, which
was averaged and detected three times [7].
Patients with chronic obstructive clinical manifestations of pulmonary function were excluded
from bronchiectasis or glucocorticoids for more
than 24 hours prior to lung function tests.
Pulmonary function meter for forced vital
capacity (FVC), forced expiratory volume 1 second (FEV1.0), maximum expiratory flow (MMEF),
forced exhalation 50% flow (MEF50), and forced
exhalation 25% flow (MEF25) was used to calculate the rate of one second (FEV1.0/FVC%). 5
ml of induced sputum was centrifuged at 2000
r/min using a H1850 benchtop high-speed centrifuge with a centrifugation radius of 5 cm [9].
Enzyme-linked immunosorbent assay (ELISA)
was used to determine the expression levels of
various factors, including ICAM-1, VEGF, IL-6,
TNF-α and microplate reader using DR-200Bn
enzyme labeling analyzer, the specific method
reference kit (USA ABCAM Co. Ltd).
Statistical processing
SPSS 24.0 (IBM, SPSS, Armonk, NY, USA) software was used for data analysis. The count
5403

Results
Induction of expression levels of ICAM-1, VEGF,
TNF-α and IL-6 in sputum
Acute exacerbation is the acute phase of asthma in, and stable after treatment is a stable
phase of asthma. The levels of TNF-α, VEGF,
ICAM-1 and IL-6 in the sputum of the control
group, the acute phase of asthma and the stable phase were measured. The expression levels of the four factors in the asthma group were
higher than the stable period. The difference
was statistically significant (P<0.05) (Table 1;
Figure 1).
Expression levels of TNF-α, VEGF, ICAM-1 and
IL-6 in sputum of patients with mild, moderate
and severe asthma
The levels of TNF-α, VEGF, ICAM-1 and IL-6 in
sputum of patients with mild, moderate and
severe asthma were measured. The results
showed that the expression levels of various
factors increased significantly with the increase
in severity. The differences between the groups
were significant (P<0.05) (Table 2; Figure 2).
Correlation between ICAM-1 and VEGF levels
in sputum during acute exacerbation and clinical indicators in patients
Pearson correlation analysis showed that ICAM1 and VEGF were positively correlated with IL-6,
TNF-α and their severity (P<0.05), and negatively correlated with FEV1, FEV1/FVC and PEF
(P<0.05). There was no significant correlation
with gender and age index (P>0.05) (Table 3).
Int J Clin Exp Pathol 2018;11(11):5401-5406
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Table 3. Correlation of ICAM-1 and VEGF
levels with gender and age index
Item
Gender
Age
Severity
FEV1

ICAM-1
r
0.562
0.423
0.725
-0.689

VEGF

P
>0.05
>0.05
<0.05
<0.05

r
0.594
0.564
0.763
-0.735

P
>0.05
>0.05
<0.05
<0.05

Table 4. Exhaled NO levels in the control
group and the asthma group (acute phase,
stable phase)
Groups
Control
Asthma
Stable period
Acute period

n
260

NO (ppb)
9.17±3.24

243
260

27.25±4.31
36.65±5.82

Table 5. Comparison of exhaled NO concentrations between mild, moderate, and severe
asthma groups
Groups
Mild asthma
Moderate asthma
Severe asthma

n
108
115
37

NO (ppb)
16.2±3.53
26.74±2.37
34.19±2.42

Comparison of exhaled NO concentration
in asthmatic group and control group and
exhaled NO concentration in patients with different disease severity
The concentration of exhaled NO in stable and
acute asthmatic patients was higher than that
in the control group, P<0.05, which was statistically significant; however, the stable phase was
less meaningful than the acute phase (P>0.05).
There was a comparability between exhaled NO
concentrations in patients with mild, moderate,
and severe asthma (P<0.05), and as the severity increased, the exhaled NO concentration
also increased (Tables 4, 5; Figure 3).
Discussion
Bronchial asthma is a chronic airway inflammation caused by a variety of inflammatory factors
and a variety of sensitizing cells. The main
pathologic and physiologic factor of bronchial
asthma is airway hyperresponsiveness [11].
The incidence of asthma in adults is high, and
the bronchospasm of patients is mainly caused
by the hypersensitivity of the airway and the
5404

interaction of various inflammatory factors in
the airway. The level of airway inflammatory factors has a good correlation with the condition of
patients. Early diagnosis and treatment of
bronchial asthma can greatly improve the prognosis of patients and improve the quality of life
of patients [12, 13].
ICAM-1 is an important adhesion factor that
mediates the adhesion reaction. Under normal
conditions, its expression level in vascular
endothelial cells is low. When its expression
level is increased, it indicates that the interaction between cells is enhanced, including white
blood cells. As well as enhancing migration of
endothelial cells, this mechanism is significantly associated with damage to the bronchial
endothelium and smooth muscle cells [14-16].
VEGF is a specific heparin-binding growth factor for vascular endothelial cells and an important substance regulating angiogenesis. It
binds to the corresponding receptors to promote the proliferation of endothelial cells, leading to dysfunction of the bronchial structure,
further adversely affecting the development of
bronchial function and disease in asthma
patients [17, 18]. Tumor necrosis factor-α is an
important cellular inflammatory factor. Induction of TNF-α in sputum can stimulate the activation of a large number of inflammatory factors in the bronchus, leading to the secretion of
various cellular inflammatory factors by lymphocytes [19]. TNF-α and IL-6 are important
clinical indicators of the severity of childhood
bronchial asthma [20], which can help predict
the child’s condition and clinical outcome.
In this study, 260 asthmatic patients were tested for expression levels of various factors in
sputum, including ICAM-1, VEGF, TNF-α, and
IL-6. The study found that the expression levels
of four factors in patients with asthma were
higher than those in the control group, reflecting the pathological characteristics of patients
with asthma, and physiological changes may
lead to changes in ICAM-1 and VEGF. This study
further analyzed the levels of ICAM-1 and VEGF
in patients with different levels of asthma. The
severity of the disease in asthma patients is
positively correlated with the levels of ICAM-1
and VEGF. Therefore, overexpression of ICAM-1
and VEGF is considered to be closely related to
the structural function of the bronchi. In addition, further correlation analysis found that
both ICAM-1 and VEGF were positively correlated with IL-6, TNF-α and disease severity, and
Int J Clin Exp Pathol 2018;11(11):5401-5406
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Figure 3. A: Comparison of exhaled NO levels between control group and asthma group (acute phase, stable phase);
B: Comparison of exhaled NO concentrations between mild, moderate, and severe asthma groups.

negatively correlated with FEV1.0, FEV1.0/
FVC% and PEF, indicating ICAM-1 VEGF has a
good correlation with airway inflammation and
disease in patients with asthma and is involved
in the pathophysiology of asthma.
In addition, when airway epithelial cells and
macrophages are stimulated by inflammatory
factors and the like, the formation of NO synthase is promoted, resulting in an increase in
exhaled NO. In this study, the exhaled NO level
in patients with acute and stable phase was
higher than that of the control group, which provided a good reference for the diagnosis and
treatment of clinical acute asthma.

Disclosure of conflict of interest
None.
Address correspondence to: Dr. Yongming Zhang,
Department of Pulmonary and Critical Care Medicine, Center of Respiratory Medicine, China-Japan
Friendship Hospital; National Clinical Research Center for Respiratory Diseases, 2 East Yinghua Road,
Chaoyang District, Beijing 100029, China. Tel: +8610-84205566; Fax: +86-10-84205566; E-mail:
yongmingzhang7qh@163.com

References
[1]

Conclusion
In summary, asthma is a common clinical condition. Bronchial inflammation is the main
pathologic factor leading to asthma. The levels
of ICAM-1 and VEGF in induced sputum have a
good correlation with the severity of airway
inflammation and bronchial asthma in patients.
The detection of exhaled NO can provide a reference for clinical diagnosis and treatment.
Close monitoring of the levels of ICAM and
VEGF in the induced sputum and exhaled NO
may help to improve the child’s condition and
deserve clinical attention.

[2]

[3]

[4]

Acknowledgements
This work was supported by Capital Health
Research Fund (NO. 2016-1-4061).
5405

[5]

Hong JG. Discussion on the revision points of
the guidelines for prevention and treatment of
bronchial asthma in patients in China. Journal
of Clinical Pediatrics 2014; 32: 101-103.
Gustke M, Petermann F, Farin E. Disease-related self-management of obese patients and
patients with bronchial asthma: changes and
predictors during inpatient rehabilitation. Rehabilitation (Stuttg) 2011; 50: 397-407.
Wang P, Wu L, Ju Y, Fu M, Shuang T, Qian Z,
Wang R. Age-dependent allergic asthma development and cystathionine gamma-lyase deficiency. Antioxid Redox Signal 2017; 27: 931944.
Zhou X, Zhu L, Lizarraga R, Chen Y. Human airway epithelial cells direct significant rhinovirus
replication in monocytic cells by enhancing
ICAM1 expression. Am J Respir Cell Mol Biol
2017; 57: 216-225.
Hoeres T, Wilhelm M, Smetak M, Holzmann E,
Schulze-Tanzil G, Birkmann J. Immune cells

Int J Clin Exp Pathol 2018;11(11):5401-5406

Bronchial asthma and airway inflammation

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

regulate VEGF signaling via release of VEGF
and antagonistic soluble VEGF receptor-1. Clin
Exp Immunol 2018; 192: 54-67.
Choi JH, Suh YJ, Lee SK, Suh CH, Nahm DH,
Park HS. Acute and chronic changes of vascular endothelial growth factor (VEGF) in induced
sputum of toluene diisocyanate (TDI)-induced
asthma patients. J Korean Med Sci 2004; 19:
359-363.
Chen FJ, Yan YS, Zhou YB. Value of fractional
exhaled nitric oxide in asthma diagnosis and
treatment. Chinese General Practice 2014; 17:
3430-3434.
Guidelines for the prevention and treatment of
bronchial asthma (definition, diagnosis, treatment and management of bronchial asthma).
Chinese Journal of Asthma (electronic version)
2008; 2: 3-13.
Chao S. The expression of ICAM-1 and VEGF in
sputum of asthmatic patients induced by
asthma and its relation with the severity of
asthma and airway inflammation. Chinese
Journal of Health Inspection 2017; 27: 32923296.
Bao YX. Guidelines for the diagnosis and prevention of bronchial asthma in patients (2016
edition) [A]. Pediatric professional committee
of China association of integrated traditional
chinese and western medicine. Compilation of
the 20th national academic conference on pediatrics integrated traditional chinese and
western medicine [C]. Chinese Journal of Integrated Traditional and Western Medicine Combined with The Society of Pediatrics Professional Committee 2016; 16.
Lu HL, He HC, You SL. Correlation study between serum inflammatory factors of patients
with bronchial asthma and their lung function.
Journal of Clinical Pulmonary Medicine 2014;
19: 51-53.
Wang YY, Yang LF, Jing LF. Detection of inflammatory factors in patients with asthma and
their correlations with airway function and immunity. Chinese Journal of Health Inspection
2017; 27: 677-679.
Cui LP, Tian M, Wu LJ, Li HJ. Effects of inflammatory factors TSLP, TNF-α and IL-8 on different airway inflammatory diseases and their
clinical significance. Chinese Journal of Clinical Research 2014; 27: 776-781.

5406

[14] Klaassen EM, van de Kant KD, Jöbsis Q, Penders J, van Schooten FJ, Quaak M, den Hartog
GJ, Koppelman GH, van Schayck CP, van Eys G,
Dompeling E. Integrative genomic analysis for
intercellular adhesion molecule 1 in childhood
asthma. Pediatr Allergy Immunol 2014; 25:
166-172.
[15] Huang CD, Hsiung TC, Ho SC, Lee KY, Chan YF,
Kuo LW, Lin SM, Wang CH, Lin HC, Kuo HP.
PPARγ ligand ciglitazone inhibits TNFα-induced
ICAM-1 in human airway smooth muscle cells.
Biomed J 2014; 37: 191-198.
[16] Novotny LA, Bakaletz LO. Intercellular adhesion molecule 1 serves as a primary cognate
receptor for the Type IV pilus of nontypeable
Haemophilus influenzae. Cell Microbiol 2016;
18: 1043-1055.
[17] Manthei DM, Schwantes EA, Mathur SK, Guadarrama AG, Kelly EA, Gern JE, Jarjour NN,
Denlinger LC. Nasal lavage VEGF and TNF-α
levels during a natural cold predict asthma exacerbations. Clin Exp Allergy 2014; 44: 14841493.
[18] Ghelfi E, Yu CW, Elmasri H, Terwelp M, Lee CG,
Bhandari V, Comhair SA, Erzurum SC, Hotamisligil GS, Elias JA, Cataltepe S. Fatty acid binding
protein 4 regulates VEGF-induced airway angiogenesis and inflammation in a transgenic
mouse model: implications for asthma. Am J
Pathol 2013; 182: 1425-1433.
[19] Huang H, Nie W, Qian J, Zang Y, Chen J, Lai G,
Ye T, Xiu Q. Effects of TNF-α polymorphisms on
asthma risk: a systematic review and metaanalysis. J Investig Allergol Clin Immunol 2014;
24: 406-417.
[20] Cho SH, Kim DW, Lee SH, Kolliputi N, Hong SJ,
Suh L, Norton J, Hulse KE, Seshadri S, Conley
DB, Kern RC, Tan BK, Peters A, Grammer LC,
Schleimer RP. Age-related increased prevalence of asthma and nasal polyps in chronic
rhinosinusitis and its association with altered
IL-6 trans-signaling. Am J Respir Cell Mol Biol
2015; 53: 601-606.

Int J Clin Exp Pathol 2018;11(11):5401-5406

