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ABSTRACT. It has been proven that vascular endothelial growth 
factor (VEGF) is involved in airway restoration and the development 
of asthma. We sought to examine the relevance of VEGF gene 
polymorphisms to asthma in the Chinese Han population. We extracted 
the whole genomic DNA from the peripheral blood of 471 participants, 
including 226 patients with asthma and 245 healthy controls. Seven 
single nucleotide polymorphisms (SNPs) of the VEGF gene were 
genotyped using the MassARRAY system. The data were then analyzed 
using HaploView 4.0 and SPSS 20.0 softwares. When comparing the 
asthma and control groups, significant differences were found in the 
genotype frequencies of rs3025020 and rs3025039 (P = 0.001 and P 
= 0.011, respectively). The T alleles in rs3025020 and rs3025039 
were significantly more prevalent in the asthma group than in controls 
(P = 0.0003, P = 0.001, respectively). Furthermore, a strong linkage 
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disequilibrium was observed in three blocks (block1-3). In block3, 
the asthma group had a significantly lower C-C haplotype frequency 
of haplotype 1 (P = 0.000015), a higher T-C haplotype frequency of 
haplotype 2 (P = 0.020), and a significantly higher C-T haplotype 
frequency of haplotype 3 (P = 0.001). The rs3025020 genotype showed 
no correlation with the clinical phenotype that may cause asthma. The 
VEGF SNPs rs3025020 and rs3025039 may be associated with the 
development of asthma, indicating the role of VEGF in asthma.
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INTRODUCTION

Asthma is a chronic inflammatory disease (Moffatt et al., 2010) that is mainly 
caused by airway obstruction and airway hyperresponsiveness (Holgate, 2002). Although the 
exact pathogeny of asthma is not clear, genetic and environmental factors jointly promote 
the occurrence of asthma, and its heritability may be as high as 79% (Koppelman, 2006). In 
recent years, genome-wide-association studies (GWAS) have identified novel genome-wide-
associated loci (Postma et al., 2011), but most of them have contributed little to understanding 
the cause of asthma. Therefore, it is necessary to acquire more reliable genetic locus data.

Vascular endothelial growth factor (VEGF) is one of the most effective angiogenic 
factors. It not only acts on endothelial cell proliferation (Yancopoulos et al., 2000) but also 
influences the proliferation of epithelial cells, fibroblasts, and even tumor cells. VEGF also 
plays a critical role in Th2-mediated inflammation and airway remodeling (Lee et al., 2004), 
which promote the occurrence of asthma. In asthmatic subjects, VEGF expression in the 
bronchoalveolar lavage fluid is notably higher than in healthy controls (Simcock et al., 2007), 
and VEGF expression in the sputum and plasma is associated with the severity of the asthma 
symptoms (Abdel-Rahman et al., 2006; Hossny et al., 2009). Therefore, we assume that VEGF 
is a strong candidate gene for asthma.

The human VEGF gene has the chromosomal locus 6p21.3 and contains a 14-kb 
coding region, which contains eight exons and seven introns. We chose seven single nucleotide 
polymorphism (SNPs) within the VEGF gene in this study: rs699947, rs1570360, rs2010963, 
rs3025006, rs3025010, rs3025020, and rs3025039. The SNPs rs699947, rs1570360, and 
rs2010963 are located in the promoter of the VEGF gene, and SNP rs3025039 is located in 
the 3'-untranslated region (UTR), where it may impact gene transcription (Krippl et al., 2003; 
Lambrechts et al., 2003). SNPs rs3025006 and rs3025010 are located in intron 5 of the VEGF 
gene, and SNP rs3025020 is located in intron 6, where it may affect the alternative splicing of 
the VEGF gene (Krippl et al., 2003; Lambrechts et al., 2003).

MATERIAL AND METHODS

Subjects

Recruitment of patients for this study was from our hospital. A total of 226 patients 
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were enrolled as cases. This study was conducted after receiving ethical clearance from the 
Ethics Committee of our hospital. Each patient was subjected to examination by a doctor 
and fulfilled the criteria of the Global Initiative for Asthma guidelines. In addition, 245 age-
matched, healthy individuals without any symptoms of atopic, pulmonary disease, any other 
comorbid disease, or smoking habits were recruited as controls. Asthma patients with any 
other history of respiratory illness such as chronic obstructive pulmonary disease, tuberculosis, 
pneumonia, or bronchitis were excluded from the study. Apart from these, individuals with 
any other comorbid condition such as diabetes mellitus, hypertension, or pregnancy were also 
excluded as cases from the study.

All participants were Han Chinese from Shandong Province and were not genetically 
related. The study complied with the guidelines of our local Medical Ethics Committee, and 
all participants recruited to this study provided written informed consent.

SNP genotyping

Peripheral blood was drawn from a vein into a sterile tube containing 
ethylenediaminetetraacetic acid (EDTA). Plasma samples were stored at -40°C. Genomic 
DNA was extracted from frozen peripheral blood samples using a QIAmp Blood Mini 
Kit (Qiagen Inc., Valencia, CA, USA) according to the manufacturer instructions. DNA 
was stored at -40°C for SNP analysis. Genotyping was performed for all SNPs using the 
MassARRAY platform (Sequenom, San Diego, CA, USA). Briefly, probes and primers 
were designed with the Assay Design software (Sequenom Inc.) and the genomic DNA 
samples were amplified by multiplex polymerase chain reaction (PCR). After a multiplex 
primer extension reaction was performed, terminator nucleotides were added to the 
diagnostic SNP site. Next, allele-specific extension products of different masses were 
analyzed in a matrix-assisted laser desorption/ionization time-of-flight (MALDI-TOF) 
SpectroReader mass spectrometer (Sequenom Inc.). Finally, the resulting spectra were 
processed with the Typer Analyzer software (Sequenom Inc.) and genotype data were 
generated for the samples. The final genotype call rate for each SNP was greater than 
90% and the overall genotyping call rate was 99.7%, ensuring the reliability of further 
statistical analysis.

Statistical analysis

All data were analyzed using the SPSS 20.0 software (SPSS Inc., Chicago, IL, USA). 
Allele and genotype frequencies for each individual polymorphism and Hardy-Weinberg 
equilibrium were evaluated by chi-square tests. The association between asthma and each 
polymorphism was analyzed using chi-square tests or Fisher exact tests. The odds ratio (OR) 
and 95% confidence interval (95%CI) were used to assess the strength of the association 
between allele frequencies and CAD. Bonferroni corrections were used in multiple tests, 
and the Pvalue was divided by the total number of loci or haplotypes. Pairwise linkage 
disequilibrium (LD) statistics (D' and r2) and haplotype frequencies were computed using the 
HaploView 4.0 software to construct haplotype blocks. To ensure that the LD blocks most 
closely reflected the population level LD patterns, definitions of the blocks were based on the 
control samples alone.
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RESULTS

The seven SNPs in the VEGF gene all conformed to the Hardy-Weinberg equilibrium. 
The genotype frequency of rs3025020 was significantly different between the asthma and 
control groups (P = 0.001). The frequency of the T allele in the asthma group was significantly 
higher than in the control group (P = 0.0003). Moreover, the distribution of the rs3025039 
genotype was different between the asthma and control groups (P = 0.011); however, statistical 
significance was not achieved after applying the Bonferroni correction (P < 0.007). The T 
allele in the asthma group was present in a significantly higher proportion than in the control 
group (P = 0.001; Tables 1 and 2).

SNP = single nucleotide polymorphism. *P values retained statistical significance after Bonferroni correction (P < 0.007).

Table 1. Distribution of allele frequencies of vascular endothelial growth factor (VEGF) gene polymorphisms.

SNP Alleles Allele frequencies P value OR (95%CI)
Cases (226) Control (245)

N % N %
rs699947 A 113 25.0 102 20.8 0.126 1.268 (0.935-1.720)

C 339 75.0 388 79.2
rs1570360 A 114 25.2 102 20.8 0.108 1.283 (0.946-1.739)

G 338 74.8 388 79.2
rs2010963 C 188 41.6 200 40.8 0.809 1.033 (0.796-1.339)

G 264 58.4 290 59.2
rs3025006 C 220 48.7 223 45.5 0.331 1.135 (0.879-1.467)

T 232 51.3 267 54.5
rs3025010 C 96 21.2 97 19.8 0.584 1.093 (0.796-1.499)

T 356 78.8 393 80.2
rs3025020 C 233 51.5 310 63.3 0.0003* 0.618 (0.476-0.801)

T 219 48.5 180 36.7
rs3025039 C 332 73.5 402 82.0 0.001* 0.606 (0.444-0.827)

T 120 26.5 88 18.0

Table 2. Distribution of genotype frequencies of vascular endothelial growth factor (VEGF) gene polymorphisms.

SNP = single nucleotide polymorphism. Pa is the P value for the Hardy-Weinberg equilibrium test for healthy 
controls; Pb is the Pvalue of genotype frequency distribution differences between the asthma and control groups. 
*Pvalues retained statistical significance after Bonferroni correction (P < 0.007).

SNP Genotype Genotype frequencies Pa Pb 
Cases (226) Control (245) 

N % N % 
rs699947 AA 14 6.2 12 4.9 0.592 0.291 
 AC 85 37.6 78 31.8   
 CC 127 56.2 155 63.3   
rs1570360 AA 15 6.6 12 4.9 0.592 0.276 
 AG 84 37.2 78 31.8   
 GG 127 56.2 155 63.3   
rs2010963 CC 34 15.0 33 13.5 0.039 0.878 
 CG 120 53.1 134 54.7   
 GG 72 31.9 78 31.8   
rs3025006 CC 47 20.8 47 19.2 0.335 0.504 
 CT 126 55.8 129 52.7   
 TT 53 23.5 69 28.2   
rs3025010 CC 9 4.0 10 4.1 0.872 0.775 
 CT 78 34.5 77 31.4   
 TT 139 61.5 158 64.5   
rs3025020 CC 69 30.5 101 41.2 0.419 0.001* 
 CT 95 42.0 108 44.1   
 TT 62 27.4 36 14.7   
rs3025039 CC 127 56.2 169 69.0 0.076 0.011 
 CT 78 34.5 64 26.1   
 TT 21 9.3 12 4.9   
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The haplotype structure and pairwise LD values (r2) are shown in Figure 1. In block3, 
the asthma group had a significantly lower C-C haplotype frequency of haplotype 1 (P < 
0.000015), a higher T-C haplotype frequency of haplotype 2 (P = 0.020), and a significantly 
higher C-T haplotype frequency of haplotype 3 (P = 0.001) (Table 3). We also found that the 
rs3025020 genotype showed no correlation with the clinical phenotype that may cause asthma 
(Table 4).

Figure 1. Linkage disequilibrium plot of the single nucleotide polymorphisms in the vascular endothelial growth 
factor (VEGF) gene in controls.

Table 3. Frequencies of block1 haplotypes of the vascular endothelial growth factor (VEGF) gene.

Haplotype Gene counting (frequency, %) P value 
ID rs699947 rs1570360 Cases Controls 
Block1 rs699947-rs1570360 
HAP1 C G 160 192 0.059 
HAP2 A A 48 49 0.740 
Block2 rs3025006-rs3025010 
HAP1 T T 116 133 0.521 
HAP2 C T 62 64 0.748 
HAP3 C C 48 48 0.066 
Block3 rs3025020-rs3025039 
HAP1 C C 59 111 0.000015* 
HAP2 T C 107 90 0.020 
HAP3 C T 58 44 0.001* 

 *P values retained statistical significance after Bonferroni correction (P < 0.017).
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DISCUSSION

The VEGF SNP rs3025020 is located in intron 6 of the VEGF gene and has been 
reported to be associated with hypertensive cerebellar hemorrhage (HCH) and rehabilitative 
treatment; individuals who carry the T allele are more susceptible to HCH (He et al., 2015). 
The rs3025020 polymorphism may increase recurrent spontaneous abortion susceptibility 
(Almawi et al., 2013). Furthermore, individuals with the rs3025020 T/T genotype have 
higher VEGF serum levels compared with healthy individuals (Al-Habboubi et al., 2011). 
In this study, we found that the VEGF gene rs3025020 polymorphism was associated with 
asthma, and the frequency of the T allele in the asthma group was significantly higher than 
in the control group. These results suggest that the VEGF rs3025020 polymorphism plays an 
important role in cell proliferation and in inappropriate VEGF-induced angiogenesis, which is 
implicated in asthma. For example, asthma patients have a higher percentage of vessels in the 
bronchial mucosa than healthy individuals (Feltis et al., 2006). However, whether the VEGF 
rs3025020 polymorphism is associated with asthma has not yet been determined. Our research 
demonstrates a definite link between rs3025020 and asthma in the Chinese Han population.

The VEGF rs3025039 SNP is located in the 3'-UTR of the VEGF gene. We found 

Table 4. Dependent characteristics by genotype of vascular endothelial growth factor (VEGF) gene rs3025020 
polymorphism.

Variables CC CT TT P value

Allergic parents 0.266

Yes 32 53 27

No 37 42 35

Smoking habit 0.261

Yes 28 46 34

No 41 49 28

Cesarean section 0.103

Yes 15 23 23

No 54 72 39

Breast feeding 0.320

Yes 24 40 19

No 45 55 43

Hairy pet at home 0.230

Yes 20 30 12

No 49 65 50

Occupational allergens 0.568

Yes 8 11 12

No 61 84 60

Age (years) 0.071

~18 18 29 12

19-40 10 16 20

41~ 41 50 30
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that the T allele in the asthma group was present in a significantly higher proportion than in 
the control group. The VEGF rs3025039 SNP is not only associated with asthma (Lachheb et 
al., 2008); like the VEGF rs3025020 polymorphism, rs3025039 is also associated with other 
diseases, for example, bisphosphonate-related osteonecrosis of the jaw (Choi et al., 2015) and 
ovarian cancers (Janardhan et al., 2015). Compared with healthy controls, the frequency of 
the T allele of rs3025039 is significantly higher in patients with HCH (He et al., 2015). This 
may be because the rs3025020-rs3025039 (block3) has a strong LD. In block3, the asthma 
group has a significantly lower C-C haplotype frequency and higher T-C and C-T haplotype 
frequencies. Of these, the T-C and C-T haplotypes are linked with higher VEGF expression 
(Al-Habboubi et al., 2011). Therefore, we suspect that rs3025020-rs3025039 is associated 
with asthma.

In the promoter region of the VEGF gene, we found no significant difference between 
the asthma and control groups, although rs699947 has been reported to be associated with 
VEGF plasma level, pre-school lung function, and lung cancer risk (Kreiner-Møller et al., 
2013; Fan et al., 2015), and the G allele of rs2010963 has been reported to be associated with 
asthma (Lachheb et al., 2008). These differences probably result from disparities in the sample 
sizes, populations, and clinical phenotypes. Sample size has a great influence on the statistical 
power of polymorphism research. In general, larger sample sizes are associated with more 
reliable statistical results (Hong and Park, 2012). When the population or race is different, the 
genetic background may also be different. For example, the G allele of rs2010963 has been 
reported to be associated with asthma in Tunisian children.

To summarize, our research will help scientists to better understand the potential 
pathogenesis of asthma. The rs3025020 and rs3025039 polymorphisms of VEGFmay play an 
important role in asthma. The details regarding the role of these SNPs in asthma have yet to 
be determined.
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