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Abstract

In this study, we examined and validated how common variants contribute to susceptibility to chronic obstructive pulmonary
disease (COPD) in the Han Chinese population. Here, we genotyped 18 nucleotide polymorphisms and evaluated their asso-
ciation with COPD using chi-square test and genetic model analysis (246 COPD patients and 350 controls), and found three
SNPs that might cause a predisposition to COPD. Both rs3025030 and rs3025033 are located on chromosome 6 in VEGF-A.
We found one risk allele ‘C’ from rs3025030 and another ‘G’ from rs3025033 using the log-additive model (OR 1.40; 95% CI
1.05-5.96; P = 0.022), (OR 1.38; 95% CI 1.03—1.84; P = 0.03). We also found another risk allele ‘A’ of 159296092 in gene
region ZBTB9-BAK by the allele model (OR 2.63; 95% CI 1.27-5.45; P = 0.0078), (adjusted OR 3.53; 95% CI 1.12—-11.11;
P =0.031). We found a risk haplotype ‘CG’ associated with the risk of COPD (OR 1.39; 95% CI 1.04-1.86; P = 0.028). Our
results when compared with previous studies showed significant association between VEGF-A4 polymorphism and COPD. We
also identified rs9296092 as a risk factor for COPD.
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Introduction

Chronic obstructive pulmonary disease (COPD) is one of the
leading causes of morality worldwide, and is a major public
health problem (Bossé¢ 2012; Laratta and van Eeden 2014).
Prevalence of the disease is estimated to be about 10% in the
general population, which increases to 20-30% in the pop-
ulation aged above 40 years (Gagnon et al. 2014). COPD is
a complex disease with multiple risk factors including envi-
ronmental, smoking and genetic factors. COPD is defined
as a preventable and treatable disease with major extrapul-
monary effects. Previously, it was characterized by shortness
of breath with exertion, wheezing and chronic cough (Mapel
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and Roberts 2012; Naik et al. 2014). Currently, a decrease
in forced expiratory volume in 1 s (FEV;%) and the ratio of
FEV; to forced vital capacity (FEV/FVC) are the diagnos-
tic criteria of COPD (Berndt ef al. 2012). Hypoxic vasocon-
striction with advanced airflow limitation in COPD patients
may result in pulmonary hypertension (Wells and Dransfield
2013). Vascular endothelial growth factor A (VEGF-A) is
considered one of the most important regulatory factors
in pulmonary hypertension. In recent years, case—control
studies confirmed the relationship between single-nucleotide
polymorphisms (SNPs) in VEGF-A and increased risk of dis-
ease development, including lung cancer, acute lung injury,
etc. (Meyer et al. 2012; Lin et al. 2013; Maeda et al. 2013).
VEGF-A plays an important role in the migration, prolifer-
ation and survival of endothelial cells (Gong et al. 2011).
Previous studies report that SNPs rs10434 and rs3025028
contained within VEGF-A are associated with lung function
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Table 1. Characteristics of controls and COPD cases in this study.

Table 2. Classification of severity of COPD.

Control Case
Characteristic (n =350) (n = 246) P value
Female 90 (25.7) 64 (26.0) 0.934
Male 260 (74.3) 182 (74.0)
Age (mean age £ SD)  70.92 £9.723 46.98 + 11.897 <0.01
Smoking status, N. (%)
Nonsmoking 177 (50.6) 120 (49.2) 0.739
Smoking 173 (49.4) 124 (50.8)
Missing 2(0.8)

*P < 0.05 indicates statistical significance.

from infancy to adulthood, and play an important role in
determination of airway function (Simpson et al. 2012).
VEGF-A is located on chromosome 6p21.1 and comprises
a coding region separated by seven introns. To our knowl-
edge, there is little information on SNPs in VEGF-A related
to COPD in patients. We designed a case—control study to
determine whether alterations in VEGF-A increase suscepti-
bility to COPD occurrence. The purpose of our study was
to identify the relationship between SNPs in VEGF-A and
COPD.

Materials and methods

Study population

All cases and controls were restricted to Hainan province,
located in the Hainan Provincial People’s Hospital. All
patients with COPD were diagnosed according to the cri-
teria established by the World Health Organization Global
Initiative for Chronic Obstructive Lung Disease (GOLD)
(Rabe et al. 2007) and they did not have history of other
diseases. Case individuals were chosen regardless of age,
gender, smoking status or COPD classification. Normal
subjects were selected randomly from a native Hainan pop-
ulation while attending medical checkup at their commu-
nity hospital, Hainan Provincial People’s Hospital. A total
of 246 cases and 350 controls were recruited in this study.
Basic characteristics of the participants such as gender,
age and smoking status are listed in table 1 and the clas-
sification of COPD with FEV,/FVC levels is shown in
table 2.

Clinical data and demographic information

Personal data, including residential regions, age, smoking
status, gender, education status and family history of cancer
were collected using standard epidemiological questionnaire
and in-person interview. The case information was col-
lected through consultation with treating physicians or from
medical chart review. All participants signed an informed
consent agreement. The Human Research Committee for
approval of research involving human subjects, Hainan
Provincial People’s Hospital approved use of human tissue in
this study.

FEV1% M MRC FEVy/
Severity*  predicted grate FVC%  Complications®
Mild >80 <2 <70 No
Moderate 50-79 >2 <70 No
Severe <50 >2 <70 Yes

*Category with the worst value should be used for severity classifi-
cation.

#Complications include respiratory failure.

FVE, forced expiratory volume in 1 s; FEV/FVC, the ratio of FEV
to forced vital capacity.

Selection of SNPs and method of genotyping

We selected SNPs from published polymorphisms asso-
ciated with COPD. SNPs with minor allele frequency
(MAF) >5% in a HapMap CHB population were selected
resulting in 18 SNPs in different genes. Genomic DNA
was extracted from whole blood using phenol—chloroform
(Kochl et al. 2005).

Genomic DNA was extracted from whole blood using
the GoldMag-Mini whole blood genomic DNA purifica-
tion kit (GoldMag, Xi’an, China). We used Sequenom Mass
ARRAY assay design 3.0 software (Sequenom, San Diego,
USA) to design the multiplexed SNP mass EXTEND assay.
SNP genotyping was performed by Sequenom Mass ARRAY
RS1000 using the standard protocol recommended by the
manufacturer sequenom type r4.0 software was used to
perform data management and analysis.

Statistical analysis

To perform statistical analyses, we used Microsoft Excel and
SPSS 17.0 statistical package (SPSS, Chicago, USA). In our
study, P < 0.05 is the threshold of statistical significance.
The validation of each SNP frequency in control subjects
was tested for departure from Hardy—Weinberg equilibrium
(HWE) using an exact test. Chi-square test was done to cal-
culate the genotype frequencies of case and control individu-
als (Adamec 1964; Kochl et al. 2005). Unconditional logistic
regression analyses with adjusted for age, gender and smok-
ing states was performed to test. (Bland and Altman 2000).
The possibility of gender difference as a source of popula-
tion substructure was evaluated by a genotype test for each
SNP in male and female controls, and the number of sig-
nificant results at 5% level was compared with the number
expected by the chi-square test. The association of certain
SNPs with the risk of COPD was tested in four genetic mod-
els (allele, codominant, dominant and log-additive); uncon-
ditional logistic regression analysis with adjustment for age,
gender and smoking was done to calculate ORs and 95% Cls
(Bland and Altman 2000; Purcell et al. 2007).
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Table 3. Basic information for candidate SNPs in this study.

MAF

Gene(s) SNP no. Chromosome Alleles HWEP Pvalue P valueadj.* OR (95% CI) Case  Control
RNF150 rs10007052 4q31.21 C/A 1 0.007 0.63 1.48 (1.11-1.97) 0255  0.188
VEGFA 1s25648 6p21.1 T/C 1 0.286 1 1.27(0.81-2.01)  0.077  0.061
VEGFA 15833068 6p21.1 A/G 0.574 0.817 1 1.02 (0.81-1.30) 0396  0.39
VEGFA 1833070 6p21.1 A/G 0.381 0.64 1 0.93(0.71-1.23) 0232 0.243
VEGFA 1s3024994 6p21.1 T/C 0.39 0.703 1 1.07 (0.74-1.56)  0.11 0.103
VEGFA 1s3024997 6p21.1 A/G 0.737 0.99 1 1.00 (0.79-1.26)  0.398  0.398
VEGFA 13025000 6p21.1 T/C 0.822 0.861 1 0.97 (0.77-1.24) 0382  0.387
VEGFA 1rs3025030 6p21.1 C/G 0.584 0.022 1 1.39 (1.04-1.86)  0.23 0.176
VEGFA 1s3025033 6p21.1 G/A 0.584 0.03 1 1.37(1.03-1.82)  0.23 0.179
VEGFA rs10434 6p21.1 A/G 0.307 0.326 1 0.87 (0.66-1.14) 0217  0.241
ZBTB9-BAKI 159296092 6p21.32 A/G 1 0.008 0.72 2.55(1.24-5.24)  0.043  0.017
SCGBI1Al rs17157266 11q12.3 C/T 0.198 0.738 1 1.04(0.79-1.38)  0.22 0.211
IREB?2 rs13180 15g25.1 T/C 0.915 0.13 1 0.83 (0.66-1.05)  0.451  0.496
CHRNAS 15667282 15g25.1 C/T 0.829 0.791 1 1.03(0.81-1.30)  0.449  0.441
ATP2C2 18048576 16q24.1 A/G 0.73 0.866 1 1.02 (0.80-1.29)  0.372  0.367
TIMM21-CYB5A 159951925 18g22.3 A/C 0.042 0.565 1 1.07 (0.83-1.38) 0317  0.301
EGLN2 157937 19q13.2 C/T 1 0.07 1 1.24 (0.98-1.57)  0.409  0.357
EGLN2 1rs3733829 19q13.2 C/T 0.912 0.064 1 0.79 (0.62-1.01) 0356  0.41

The SNPs are excluded at 5% HWE P level. *P value was adjusted by Bonferroni corrections.

Results

From the 596 participants we detected 18 SNPs. Two SNPs
(rs9951925 and rs8102683) were excluded at 5% HWE sta-
tistically significant P level. The association between SNP
genotypes and the susceptibility of alleles to COPD was
performed by chi-square analysis. All results are shown in
table 3.

We assumed that the minor allele of each SNP was a
risk factor compared to the wild-type allele. Three mod-
els: codominant, dominant and log-additive were applied for
analysing the association between SNPs and COPD risk by
using logistic tests. We discovered one SNP (rs10007052)
in the RNF150 gene which was a risk factor for COPD in
the dominant model (rs10007052, OR 1.60; 95% CI 1.13—
2.26; P = 0.0076), codominant model (rs10007052, OR

1.55; 95% CI 1.08-2.21; P = 0.023) and log-additive model
(rs10007052, OR 1.50; 95% CI 1.12-2.01; P = 0.006).
We found two SNPs in VEGF-4 which were risk factors
for COPD (rs3025030, OR 1.40; 95% CI 1.05-1.87; P =
0.022; rs3025033, OR 1.38; 95% CI 1.03-1.84; P = 0.03).
We also detected one SNP (1s9296092) using the allele
model which had a similar relationship with the susceptibil-
ity to COPD (159296092, OR 2.63; 95% CI 1.27-5.45; P =
0.078). According to the results of the three models calcu-
lated by unconditional logistic regression analyses adjusted
for age, gender and smoking status, we first found that only
19296092 was still considered a risk factor (rs9296092,
OR 3.53; 95% CI 1.12—-11.11; P = 0.031) (table 4). Pair-
wise linkage disequilibrium (LD) analysis was performed
for VEGF-A using the polymorphisms detected in this study.
The pattern of LD was analysed using two parameters, 7

Table 4. Logistic regression analysis of the association between SNPs and risk of COPD.

SNP Model Genotype OR? (95% CI) P? value ORP (95% CI) PP value
rs10007052 Codominant C/A 1.55 (1.08-2.21) 0.023 1.20 (0.69-2.09) 0.26
Dominant C/A-C/C 1.60 (1.13-2.26) 0.0076 1.31 (0.76-2.24) 0.33
Log-additive 1.50 (1.12-2.01) 0.0062 1.38 (0.86-2.22) 0.18
59296092 G/A 2.63 (1.27-5.45) 0.0078 3.53 (1.12-11.11) 0.031
1s3025030 Codominant c/C 2.51 (1.06-5.96) 0.054 1.27 (0.30-5.32) 0.69
Log-additive 1.40 (1.05-1.87) 0.022 1.22 (0.76-1.93) 0.41
rs3025033 Codominant G/G 2.48 (1.05-5.87) 0.066 1.28 (0.31-5.27) 0.58
Log-additive 1.38 (1.03-1.84) 0.03 1.25 (0.79-1.99) 0.33
r$9951925 Codominant C/A 1.44 (1.02-2.03) 0.047 1.98 (1.13-3.46) 0.051
dominant C/A-A/A 1.29 (0.93-1.80) 0.12 1.88 (1.11-3.17) 0.017

OR? and P* without adjustment. OR and PP adjusted for gender, age and smoking status. P < 0.05 indicates statistical significance. SNP,
single nucleotide polymorphism; OR, odds ratio; CI, confidence interval.
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Figure 1. Linkage disequilibrium of polymorphic sites in VEGF-A
on chromosome 6. Block 1 includes rs833068, rs833070, rs3024994,
rs3024997 and rs3025000. Block 2 includes rs3025030 and
1$35025033. The LD between two SNPs is standardized D’ (red
schemes).

and D’. One main linkage block was observed across the
locus (figure 1). This block was comprised of seven closely-
linked SNPs: rs833068, rs833070, rs3024994, rs3024997,
1s3025000, rs3025030 and rs3025033. Then, the association
between inferred haplotypes and COPD risk among the indi-
viduals was analysed. We found the haplotype ‘CG’ between
rs3025030 and rs3025033 associated with the risk of COPD
(OR 1.39; 95% CI 1.04-1.86; P = 0.028) (table 5).

Discussion

Environmental risk factors and effects of smoking may
increase the occurrence of COPD. However, several genetic
polymorphisms associated with susceptibility to COPD have
been identified. Whereas each individual polymorphism may
contribute to only a small relative risk of COPD, a combi-
nation of several implicated polymorphisms and other risk
factors may increase the relative risk. In this study, we
detected 18 SNPs from the case—control study in the Han
Chinese population from Hainan city. We considered two
SNPs in VEGF-A (rs3025030 and rs3025033) as risk factors

for COPD. Our results suggest that VEGF-A may play an
important role in the risk of COPD in Hainan individuals.

VEGF-A which is highly polymorphic and exists with mul-
tiple common SNPs, complicating the investigation for the
genetic components of COPD occurrence. Previous studies
have shown that genetic variability affects VEGF-A activity
and expression (Fang et al. 2009). VEGF, coded for VEGF-A,
is a key mediator of angiogenesis and vascular permeability
(Su et al. 2011). VEGF-A overexpression or suppression
causes a decisive effect on the function of VEGF, which
may lead to a complex change in angiogenesis of tissue.
The changes of pulmonary small vessels is one of patholog-
ical changes of COPD patients (Hogg and Timens 2009), in
which VEGF-A plays a vital role. Additionally, a previous
study reported that VEGF-A can disrupt the pattern formation
of pulmonary smooth muscle (Akeson et al. 2003), which
may result in progression of pulmonary hypertension, further
aggravating limited pulmonary ventilation. Moreover, previ-
ous literature identified several SNPs, including rs3025030
and rs3025033, as associated with colon or rectal cancer by
influencing the expression of VEGF-A in the angiogenesis
pathway (Slattery et al. 2014). In our case—control study, we
found two VEGF-A polymorphisms (rs3025030, rs3025033)
caused a more pronounced effect than the other single poly-
morphisms in VEGF-A. This finding suggests a novel idea
that VEGF-A polymorphism combinations may be risk fac-
tors for COPD. SNPs may influence the expression of VEGF-
A in the pathway, which may reduce beneficial effects of
VEGEF in lung tissue and increase the risk of COPD. The
combination of two polymorphisms (rs3025030, rs3025033)
may further increase the risk of COPD. Unfortunately, sin-
gle SNP analysis of rs3025030 and rs3025033 calculated by
unconditional logistic regression analyses adjusted for age,
gender and smoking were nonsignificant. In our opinion,
smoking may be one of the most important confounding fac-
tors and it may overshadow the genetic effect of VEGF-A
polymorphisms in COPD. In future studies, researchers may
identify the relative interaction between VEGF-A polymor-
phisms and COPD development.

A previous genomewide association study has not only
proved that rs9296092 lies in the gene region between
the zinc finger and BTB domain containing 9 and BCL2-
antagonist/killerl (ZBTB9-BAK1), but also is associated with
age at smoking initiation (Siedlinski et al. 2011). We also
found rs9296092, located near 6p21.1, predicts a 2.63-fold
COPD risk by the allele model and a 3.53-fold disease sus-
ceptibility calculated by unconditional logistic regression

Table 5. Multiple genes haplotype frequencies and association with the risk of COPD.

Gene Block Haplotype Frequency OR? (95% CI) P ORP (95% CI) PP
EGLN? 1 CT 0.375 1.33 (1.02-1.73) 0.038 1.37 (0.92-2.05) 0.12
VEGF-A 2 CG 0.198 1.39 (1.04-1.86) 0.025 1.26 (0.79-1.99) 0.33

OR? and P? without adjustment. ORP and P® adjusted for gender, age and smoking status. P < 0.05 indicates statistical significance. OR,

odds ratio; CI, confidence interval.
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analyses adjusted for confounding factors. We hypothesize
that rs9296092 may be a risk factor for COPD, although the
exact genotype of the loci is not identified.

We did not find either rs7937 or rs3733829 in EGLN2
were associated with COPD or lung function in the Chinese
Han population from Hainan province. The results included
strong levels of D’ between rs7937 and rs3733829 observed
without adjustment, which might be a relative factor with
COPD patients. Overexpression of EGLN2 at a known COPD
risk locus leads to occurrence of disease (Salit et al. 2014)

Two limitations should be considered in the current study.
First, because our sample size was relatively small, we did
not conduct population stratification of smokers, therefore,
we have not confirmed that this locus is significant in smok-
ers. We will increase the sample size in subsequent experi-
ments. Second, the heterogeneity in smoking behaviours and
comorbidities was not evaluated in this study, and evaluation
of heterogeneity in smoking behaviours has contributed to
elucidating the pathogenesis of COPD in other studies.

We performed Bonferroni correction in our statistical anal-
ysis and found no statistical significant associations between
VEGF-4 SNPs and COPD. This may be due to the rela-
tively small sample size, the selection criteria of VEGF-A
SNPs (MAF 0.5%) and the weakness of Bonferroni correc-
tion itself. Adjustments for multiple tests, such as Bonferroni
correction analysis, are required for medical association stud-
ies, but also create more problems than they solve. The main
weakness of Bonferroni correction is that the interpretation
of a finding depends on the number of other tests performed.
True important differences may be deemed nonsignificant
since the likelihood of type II errors are also increased. How-
ever, Bonferroni corrections are considered acceptable while
performing associations without preestablished hypotheses.

In conclusion, the combined actions of different con-
founding factors, such as small sample size and lack of
stratification of smokers resulted in a nonsignificant phe-
nomenon with adjustment. In our opinion, both rs3025030
and rs3025033 in gene VEGF-A may be risk factors for
COPD, and interactions between loci in VEGF-A may be
more important than a single locus change. We also found a
new link between rs9296092 and COPD risk.
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