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Background/Aims: Vascular endothelial growth factor (VEGF) is an important
mediator of angiogenesis. However, little is known about the potential use of se-
rum levels of VEGF as a biomarker for asthma. We investigated the differences in
VEGF levels among normal controls, stable asthma patients, and those with exac-
erbation of acute asthma. All subjects were young males.

Methods: We measured VEGF levels in each patient group, and examined any se-
rial changes in those with acute exacerbation.

Results: VEGF levels were significantly higher in stable asthmatic patients and
even more so in acute asthmatic patients, compared to healthy controls. However,
there was no correlation between VEGF levels and forced expiratory volume in
1 second in patients with stable asthma. In addition, there were no correlations
between VEGF levels and asthma control test scores. In patients with acute exac-
erbation, VEGF levels significantly increased during the acute period; their levels
decreased gradually at 7 and 14 days after treatment.

Conclusions: Compared to normal control patients, the serum levels of VEGF
were elevated in stable asthma patients and even more elevated in patients with
acute exacerbation. However, the role of VEGF as a biomarker in stable asthma
is limited. In patients with acute exacerbation, VEGF levels were associated with
clinical improvements.
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INTRODUCTION

and increased vascular areas of the medium and small
airways lead to increased blood flow and microvascular

Asthma is a chronic inflammatory disease of the airways
characterized by structural changes including subepi-
thelial fibrosis, smooth muscle cell hypertrophy, epi-
thelial cell metaplasia, and angiogenesis [1]. Remodeling
of microvasculature (e.g., proliferation of new vessels)
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permeability. This contributes to thickened, engorged,
and edematous airway walls, which result in the nar-
rowing of the airway lumen [2-4]; this, in turn, results
in increased delivery of inflammatory mediators to the
airways, leading to increased bronchial hyper-reactivity
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and airflow obstruction [5).

Increased airway vascularity is seen even in mild asth-
ma [2] and is associated with a greater expression of vas-
cular endothelial growth factor (VEGF) [6]. VEGF is the
most potent angiogenic mediator. It is a key regulator of
blood vessel growth in the airways of asthma patients,
which it does by promoting proliferation and differenti-
ation of endothelial cells, inducing vascular leakage and
increased permeability [7].

Various studies have proved that VEGF is involved in
the pathogenesis of asthma [8-11]. However, its poten-
tial role as a biomarker is still limited. Moreover, there
have only been a few studies on the levels of VEGF in
the serum of asthma patients. Hence, we investigated
the clinical significance of serum levels of VEGF in asth-
matic patients.

METHODS

This study was a prospective observational study. Pa-
tient data were collected with this in mind. The study
was undertaken at the Armed Forces Yangju Hospital
and Armed Forces Capital Hospital, South Korea, be-
tween June 2008 and January 2011. The criteria for in-
clusion were (1) patients over 18 years of age, (2) diagno-
sis of asthma by a pulmonary or allergy specialist, and
(3) written informed consent. The study was approved
by the Institutional Review Board of the Armed Forces
Yangju Hospital and Armed Forces Capital Hospital.
Fully informed, written consent was obtained from each
subject.

Study subjects and baseline data
A total of 124 young, male patients with asthma were
recruited. Asthma was diagnosed by a pulmonary or al-
lergy specialist from our the Armed Forces Yangju Hos-
pital and Armed Forces Capital Hospital according to
the criteria of the Global Initiative for Asthma [12].
Among these patients, 104 had visited the outpatient
clinic with stable asthma. Twenty patients had acute
exacerbation and were admitted to the hospital due to
exacerbation of their asthma. All patients with acute ex-
acerbation received the standard therapy with oxygen
and inhaled bronchodilators, including a short-acting
beta agonist, via a nebulizer. A systemic corticosteroid
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(1 mg prednisolone/kg or equivalent) was administered
and tapered during admission.

In addition, 58 normal healthy subjects were recruited
for this study; these were people who had visited the
hospital for a routine check-up and who had no underly-
ing disease. Baseline clinical data including age, height,
and weight were collected. VEGF levels in the serum and
total immunoglobulin E (IgE) levels in the serum were
measured on the day of the hospital visit. For the stable
asthma patients, the asthma control test (ACT) score was
also measured.

Pulmonary function tests

Pulmonary function tests (PFTs) were performed fol-
lowing American Thoracic Society/European Respira-
tory Society guidelines in a laboratory licensed for test-
ing acute asthma patients, by technicians experienced
in lung function testing. Spirometry was performed ac-
cording to current recommendations [13,14]. For stable
asthma, PFT was performed on the same day the serum
sample was collected. For patients with acute exacerba-
tion, the forced expiratory volume in 1 second (FEV, ) was
measured on day 1 of exacerbation, and at days 3, 7, and

14.

Collection of samples

In the stable asthma patients, serum samples were ob-
tained on the day the patient visited the outpatient clin-
ic. In the acute exacerbation patients, initial serum sam-
ples were obtained on day 1 of exacerbation, and then on
days 3, 7, and 14 during their admission.

Measurement of VEGF levels

The levels of VEGF were determined by enzyme immu-
noassays according to the manufacturer’s protocol (R&D
Systems Inc., Minneapolis, MN, USA). Sensitivities for
VEGF assays were 9 pg/mL.

Statistical analysis

Because the majority of the data did not follow a nor-
mal distribution, a nonparametric statistical method
was used for the analysis. Continuous variables were
analyzed using Mann-Whitney U tests. Spearman cor-
relation coefficient, rho (p), was used to assess whether
there was a relationship between VEGF and other pa-
rameters. Comparisons of the three groups of patients
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Characteristic Control (n=58)  Stable asthma (n=104) Acute exacerbation (n = 20) pvalue
Age, yr 20.5+ 0.2 20.4%0.1 20.7+0.4 0.56
Height, cm 175.1+ 0.8 174.6 £ 0.6 172.9 £ 1.9 038
Weight, kg 68.7+13 71.8 £1.2 70.7 £3.0 0.51
Body mass index, kg/m?* 22.4+03 23.5+ 0.4 23.6 0.9 0.23
VEGF, pg/mL 134.5+16.8 177.1+£13.5 339.2 £50.4% <o.01
Total IgE, U/mL 157.5 £ 25.2 389.7+51.3 335.6  47.7 <0.01
ACT score - 18.6+ 03 -

Values are presented as mean + SEM.

VEGF, vascular endothelial growth factor; IgE, immunoglobulin E; ACT, asthma control test.

*VEGF level at day 3.
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Figure 1. Comparison of serum vascular endothelial growth
factor (VEGF) levels in control, stable asthma, and acute
asthma exacerbation subjects. Values are presented as mean
+ SEM. % < 0.05, °p < 0.01.

were analyzed using a Kruskal-Wallis test. A Wilcoxon
signed-rank test was used for further analysis in patients
with acute asthma exacerbation (on days 1, 3, 7, and 14).
All tests were two-sided and a p < 0.05 was considered to
be statistically significant. All analyses were performed
using the SPSS version 17.0 (SPSS Inc., Chicago, IL, USA).

RESULTS

Baseline characteristics

The clinical characteristics of each group are shown in
Table 1. There were no significant differences in age,
height, weight, and body mass index among the groups.
Significant differences in VEGF (p < o.01) and IgE (p <
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o.01) levels were found among all three groups.

Comparison of VEGF levels

The level of VEGF in serum was higher in stable asth-
matic patients (177.1 + 13.5 pg/mL) and even much high-
er in acute exacerbation patients (339.2 *+ 50.4 pg/mL,
at day 3 of exacerbation) compared to healthy controls
(134.5 + 16.8 pg/mL). The serum level of VEGF in stable
asthma was significantly higher than in normal control
(b < 0.05). The level of VEGF in acute exacerbation was
significantly higher than in stable asthma (p < 0.01) and
normal control (p < 0.01) (Fig. 1).

VEGF levels in stable asthma patients

Correlations between VEGF and FEV, or ACT score were
analyzed in the stable asthma patients. No significant
correlations were found between VEGF and FEV (p =
0.06, p = 0.60) or between VEGF and the ACT score (p =
0.20, p = 0.06) (Fig. 2).

Time course of serum levels of VEGF in acute exac-
erbation patients

VEGEF levels in the acute exacerbation group before and
during treatment are shown in Fig. 3. The mean level on
day 1 was 278.6 £ 56.5 pg/mL; this increased to the max-
imum level on day 3 (339.2 + 50.4 pg/mL) and then de-
creased by day 7 (253.9 + 37.2 pg/mL) and was even lower
by day 14 (218 + 25.7 pg/mL). The mean level on day 3 was
significantly higher than on day 1 (p < 0.05). Compared to
day 3, the levels on days 7 and 14 were significantly lower
(b < 0.05 and p < 0.01, respectively) (Fig. 3).
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Figure 2. Correlation between serum vascular endothelial growth factor (VEGF) and (A) the forced expiratory volume in 1 sec-
ond (FEV,) or (B) asthma control test (ACT) score in stable asthma subjects.
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Figure 3. Time course of serum vascular endothelial growth
factor (VEGF) in acute asthma exacerbation subjects. Values
are presented as mean + SEM. *p < 0.05, bp <o.01.

Time course of FEV_ in acute exacerbation patients
The FEV, on day 1 was 67.1% + 5.9%; this increased grad-
ually on day 3 (76.1% + 4.1%) and even further by days 7
(88.8% +5.1%) and 14 (91.8% + 3.6%). Compared with day
1, FEV (%) in day 7 and 14 was significantly higher (p <
0.05, p < 0.01, respectively). Compared with day 3, FEV,
(%) in day 7 and 14 was also significantly higher (p < 0.05,
p < 0.01, respectively).

DISCUSSION

VEGF plays a fundamental role in angiogenesis of the
airways and is synthesized by the alveolar epithelial
cells, bronchial epithelial cells, smooth muscle cells,
fibroblasts, and alveolar macrophages [8,9]. Further-
more, VEGF promotes allergic inflammation and plays
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an important role in Th2 inflammation. It induces eo-
sinophilic inflammation, mucus metaplasia, subepithe-
lial fibrosis, myocyte hyperplasia, dendritic cell activa-
tion, and airway hyper-responsiveness via interleukin
(IL)-13-dependent and IL-13-independent mechanisms
[10]. In addition, Th2 cytokines such as IL-4, IL-5, and
IL-13 induce structural cells to produce VEGF, which in
turn enhances allergen-induced inflammation and con-
sequent remodeling [11].

Several studies have demonstrated the involvement of
VEGF in asthmatic subjects. For example, levels of VEGF
are higher in induced sputum [15-19] and bronchoal-
veolar lavage (BAL) fluid [20] from asthma patients, in
whom they are correlated with disease severity. Hoshino
et al. [6] reported more VEGEF-positive cells in bronchial
biopsy samples from asthmatic airways and concluded
that this was associated with the degree of airway vas-
cularity.

However, measuring VEGF in induced sputum or BAL
fluid is not easy in clinical practice. It is much easier and
more convenient to measure them from blood samples.
Thus, the level of VEGF in blood sample is more ade-
quate as biomarker in real practice. However, there have
only been a few studies which measured VEGF in blood
of asthma patients. To the best of our knowledge, only
three studies have attempted this on adult asthma pa-
tients [21-23]. Moreover, among three studies, only one
study [23] showed the relationship between VEGF and
FEV.. Our study is unique in that we have shown the
limited role of serum VEGF in stable asthma patients.
Compared with previous similar study [23], this study
has merit in that the number of stable patients is much
bigger (8 vs. 104). Moreover, this is first study to show
that there is no significant correlation between serum
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VEGF and ACT score. ACT score is a key biomarker
when deciding to step up or down. The role of ACT is as
important as lung function in the management of asth-
ma patients. Thus, to be a meaningful biomarker, VEGF
levels in the serum should correlate with ACT. Unfortu-
nately, in our study, this result was found to be negative.

In previous studies [6,17], VEGF levels in sputum or
bronchial biopsies was were correlated with disease se-
verity. However, in our study, VEGF in the blood was
not correlated with disease severity. The reason for this
discrepancy is not yet known. One possible explanation
could be differences in VEGF level between lung tissue
and blood. For example, in Zou et al. [21], the levels of
VEGF in the sputum were higher in patients with mod-
erate exacerbation than in those with mild exacerbation,
whereas the levels in serum were higher in those with
mild exacerbation. This may suggest that the level of
VEGF in sputum may not be exactly correlated with se-
rum. Similarly, in the study of Bikov et al. [22], the level
of free plasma VEGF differed according to the degree of
pregnancy. However, the level of VEGF in exhaled breath
condensate did not. This also suggests that the level of
systemic VEGF might be different from lung VEGF. Ac-
tually, the only study which showed correlation between
blood VEGF level and severity (FEV ) in adult asthma is
Lee et al.’s one [23]. However, in fact, they did not com-
pare two parameters in stable asthma patients. Instead,
they included all enrolled subjects (normal controls,
stable asthma patients, and exacerbation patients) in the
analyses. Thus, their results do not indicate the poten-
tial role of VEGF as a biomarker in stable asthma.

We found that VEGF levels in serum were significant-
ly increased in stable asthmatic patients, and even more
so in acute asthmatic patients, in agreement with that
previous study [23]. From these results we can conclude
that VEGF is involved in the pathogenesis of asthma and
may play a role in the exacerbation of acute asthma. In
the exacerbation group, VEGF levels significantly in-
creased during the acute period. After therapy including
methylprednisolone, the levels significantly decreased
during the 2-week remission period. Therefore, in this
patient group, VEGF levels in the serum can be consid-
ered a marker of clinical improvement.

Our study is important in that it used a much larger
sample size compared to the previous similar study [23].
Furthermore, our subjects were a homogenous group of
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young males, and therefore confounding factors such as
COPD could be ruled out and the subjects could be con-
sidered pure asthma patients.

However, there are several limitations to our study.
First, as the study was conducted at army-based hospi-
tals, the study samples had a gender bias (males only).
Further clinical studies that include various ages and
sexes are needed. Second, we did not adjust for other
possible factors that can affect VEGF levels. As we mea-
sured systemic VEGF, not levels in lung, this level can
be affected by other systemic factors. For example, VEGF
can be increased in rhinovirus infection [24], smoking
[25], and Barrett’s esophagus [26]. It can be decreased in
glucocorticoid treatment [24] and emphysema [27]. Such
factors could have affected our results. Third, VEGF is
elevated in exercise-induced asthma (EIA) and plays
an important role in the pathogenesis of EIA [15,28,29].
However, we did not perform an exercise challenge test
and thus could not provide information regarding EIA.

In conclusion, VEGF levels in the serum are elevated
in stable asthma patients, and even more elevated in pa-
tients with acute exacerbation of asthma. However, the
role of VEGF as a biomarker in stable asthma is limited.
In patients with acute exacerbation, VEGF levels cor-
relate with clinical improvements.

KEY MESSAGE

1. Serum vascular endothelial growth factor
(VEGF) is elevated in stable asthma patients and
more elevated in patients with acute exacerba-
tion compared to normal control.

2. The role of VEGF as a biomarker in stable asth-
ma is limited.

3. In patients with acute exacerbation of asthma,
VEGF levels correlate with clinical improve-
ments.
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