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ABSTRACT. In the present study, we examined whether hypoxia-inducible 
factor-1α (HIF-1α) polymorphisms are associated with the susceptibility to 
chronic obstructive pulmonary disease (COPD). One hundred and twenty 
patients with COPD and 112 healthy controls were recruited from the 
Han population in Southern China. Polymerase chain reaction-restriction 
fragment length polymorphism was used to assess the C1772T and 
G1790A polymorphisms in the HIF-1α gene, and differences in genotypes 
between the 2 groups were compared. No significant difference in the 
distribution of the C1772T polymorphism was observed between COPD 
cases and healthy controls (P > 0.05). In contrast, the distribution of the 
G1790A polymorphism was significantly different between the 2 groups (P 
< 0.05). Our results indicated that the HIF-1α G1790A polymorphism was 
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associated with an increased susceptibility to COPD in Han subjects from 
Southern China.
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a progressive disease characterized 
by chronically poor airflow. It is closely related to chronic bronchitis and emphysema and may 
severely affect the quality of life of some patients. Over the past several years, both the incidence 
and mortality of COPD have increased (Pauwels et al., 2001; Viegi et al., 2001; Wouters, 2003). 
Cigarette smoking is regarded as the most important environmental factor, and approximately 
85% of COPD patients are long-term smokers. However, only 10-20% of smokers develop 
symptomatic COPD. Moreover, individual differences are typically observed for smoking-induced 
airway obstruction (Burrows et al., 1977), suggesting that a patient’s individual characteristic may 
be associated with COPD phenotypes. Previous studies found an increased frequency of COPD 
within families, suggesting that in addition to environmental factors, genetic factors may also play 
important roles in disease development and progression.

Accumulating evidence has demonstrated that COPD is not just a chronic pulmonary 
disease, but also a chronic systemic inflammation syndrome (Fabbri and Rabe, 2007). Several types 
of inflammatory cells and mediators affect the airway and pulmonary parenchyma, thus promoting 
COPD development and progression (Liebhart et al., 2005; Hersh et al., 2006; Homma et al., 2006; 
Fu et al., 2007a,b; Keicho and Matsushita, 2007). Hypoxia-inducible factor-1 (HIF-1) is a transcription 
factor in mammalian cells that mediates the adaptive response to changes in cellular oxygen levels. 
HIF-1 consists of 2 subunits: the oxygen-regulated HIF-1α subunit (120 kDa) and the constitutively 
expressed HIF-1β subunit (91-94 kDa). The transcriptional activity of HIF-1 is primarily regulated by 
the expression and stability of HIF-1α, which are associated with hypoxia adaptation, expression 
of multiple inflammatory factors, and immune responses. HIF-1 expression is increased in tissues 
and cells under hypoxic conditions. This promotes the expression of several hypoxia-related genes 
involved in the adaptive physiological response to these environmental changes. HIF-1 also plays an 
important role in the expression of genes involved in inflammation, energy metabolism, angiogenesis, 
and airway remodeling (Fu et al., 2005). The role of HIF in the development and progression of 
COPD has also been demonstrated. For instance, previous studies showed that HIF-1 plays an 
important role in critical pathological processes of pulmonary heart disease in patients with hypoxic 
pulmonary hypertension and COPD (Earley and Resta, 2002; Manalo et al., 2005; Ohsawa et al., 
2005; Semenza, 2005; He et al., 2006; Kong and Dai, 2006; Schultz et al., 2006).

Single nucleotide polymorphisms (SNPs) are single-base substitutions or transversions 
that occur in more than 1% of the entire population (Mullikin et al., 2000). SNPs within coding 
regions may result in changes to the amino acid sequence, and such changes may significantly 
alter the activity and biological properties of the encoded protein. C1772T and G1790A are 2 
common SNPs within HIF-1α that result in a proline to serine change at position 582 and an 
alanine to threonine change at position 588, respectively. Amino acid changes at these 2 positions 
may affect the oxygen-dependent degradation of HIF-1α as well as influence the stability and 
transcriptional activity of the protein. As a result, regulation of downstream target genes may also 
be affected (Li et al., 2004; Fu et al., 2005; Koukourakis et al., 2006).
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Previous studies have reported that serum levels of HIF-1α are significantly higher in COPD 
patients compared to individuals without the disease. However, few studies have investigated the 
association between HIF-1α polymorphisms and COPD susceptibility. In the present study, we 
examined the potential associations between HIF-1α polymorphisms and the susceptibility to 
COPD to clarify the role of HIF-1α in the pathogenesis of the disease and to provide a foundation 
for the development of new options for treating patients with COPD.

MATERIAL AND METHODS

Subjects

One hundred and twenty COPD patients that had been treated in the Department of 
Respiration of Guangdong Provincial People’s Hospital were included in the case group. One 
hundred and twelve age- and gender-matched healthy subjects that received physical examinations 
in the Physical Examination Center of Guangdong Provincial People’s Hospital during the same 
time period were included in the control group.

Patients were diagnosed with COPD according to the Global Initiative for Chronic 
Obstructive Lung Disease (GOLD), had no obvious occupational exposures, and volunteered 
to participate in the study. Patients with other diseases that could damage pulmonary function, 
including asthma and pulmonary fibrosis, were excluded.

COPD was diagnosed according to the GOLD criteria issued in 2007. For all patients, 
medical records were reviewed and physical examinations, including forced expiratory volume in 
first second (FEV1)/forced vital capacity (FVC) and FEV1/expected value (%), were performed. 
Additionally, plain chest X-rays or high-resolution chest computed tomography scanning were 
performed to diagnose COPD (FEV1/FVC <70% and FEV1/expected value% <80%).

All subjects included in the study were unrelated and of Han nationality from Northern China. 
No genetic interference from other ethnicities (i.e., marriage with people from other ethnicities) 
was observed. Written informed consent was obtained from all study participants. This study was 
approved by the Ethics Committee of Guangdong Provincial People’s Hospital (2009076).

Blood collection and genotyping

For each subject in both the case and control groups, 4 mL anticoagulant peripheral venous 
blood was collected. Genomic DNA was extracted from peripheral blood mononuclear cells using kits 
from Tiangen Biochemical Technology Co., Ltd. (Beijing, China) and stored at -20°C until use.

C1772T and G1790A polymorphisms of HIF-1α were genotyped by polymerase chain 
reaction-restriction fragment length polymorphism according to previously described methods (Hersh 
et al., 2006). For genotyping of the C1772T polymorphism, the forward primer was 5'-AAGGTGTGGC
CATTGTAAAAACTC-3' and the reverse primer was 5'-GCACTAGTAGTTTCTTTATGTATG-3'. For 
genotyping of the G1790A polymorphism, the forward primer was 5'- AAGGTGTGGCCATTGTAAA
AA-3' and the reverse primer was 5'-TGACTCAAAGCGACAGATAACACG-3'. Sequencing of the 
polymerase chain reaction products was also performed.

Statistical analysis

The SPSS 13.0 software was used for statistical analysis (SPSS, Inc., Chicago, IL, USA). 
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The mean and standard deviation were used to describe quantitative data with normal distribution. 
Hardy-Weinberg equilibrium was tested to evaluate the representation of each genotype. The 
chi-square test was used to compare the frequencies of different genotypes, allele distribution, 
and gender between the 2 groups, and the t-test was used to compare age, smoking index, and 
pulmonary function (FEV1/FVC and FEV1/expected value%) between the 2 groups. P < 0.05 was 
considered to be statistically significant.

RESULTS

General characteristics of the subjects

The mean age of the 112 age- and gender-matched controls (95 males and 17 females) 
was 67 years (40-81 years). Medical records, physical examinations, and chest X-rays of these 
subjects suggested no diseases of the bronchus, lungs, or heart. Moreover, pulmonary function 
tests showed that the FEV1/FVC was >70% and FEV1/expected value% was >80%. No significant 
differences in gender, age, or smoking index were found between cases and controls. However, 
the FEV1/expected value% and FEV1/FVC (%) were significantly higher in the controls than in the 
cases (Tables 1 and 2).

Table 1. Clinical characteristics of subjects in the case and control groups.

	 Cases (N = 120)	 Controls (N = 112)	 P value

Gender (male:female)	 105:15	 95:1	   0.5544
Age (years)	              67.72 ± 10.5 (40-95)	            67.8 ± 7.6 (40-81)	   0.9510
Smoking index (year*number of cigarettes), both >300	   381 ± 406	  377 ± 510	   0.9502
FEV1/ FVC	              58.2 ± 5.9 (<70%)	              96.8 ± 12.8 (>70%)	 <0.0001
FEV1/expected value%	 65.7 ± 7.1	 86.4 ± 11.0	 <0.0001

Table 2. Hardy-Weinberg equilibrium of HIF-1α C1772T/G1790A in the two groups.

		                            C1772T				                         G1790A

	 CC	 CT	 TT	 P value	 GG	 GA	 AA	 P value

Cases	 105	 15	 0	 0.465	 116	   4	 0	 0.853
Controls	 105	   7	 0	 0.733	 101	 11	 0	 0.585
Total	 210	 22	 0	 0.448	 217	 15	 0	 0.611

Hardy-Weinberg equilibrium

As shown in Table 2, the genotype distribution of HIF-1α was in Hardy-Weinberg 
equilibrium for cases, controls, and all subjects included. This suggests that the distribution of HIF-
1α genotypes in the subjects included was representative of the genotype distribution in the entire 
population.

Distribution of the C1772T polymorphism

The frequencies of the CC, CT, and TT genotypes of the C1772T polymorphism in exon 
12 of HIF-1α were 87.5, 12.5, and 0%, respectively, in the 120 cases of COPD; these values were 
93.8, 6.2, and 0%, respectively, in the controls. There were no significant differences in genotype 
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frequencies between the 2 groups (P > 0.05). A total of 93.8 and 6.2% of patients with COPD 
carried the C and T alleles, respectively. Analysis of healthy controls showed that 96.9 and 3.1% of 
individuals in this group carried the C and T alleles, respectively. No significant difference in allele 
distribution was found between the 2 groups (P > 0.05; Table 3).

Table 3. Distribution of alleles and genotypes of HIF-1α C1772T in the two groups.

	 N		  Genotypes		                                     Alleles

		  CC	 CT	 TT	 C	 T

Cases	 120	 105 (87.5%)	 15 (12.5%)	 0 (0%)	 225 (93.8%)	 15 (6.2%)
Controls	 112	 105 (93.8%)	 7 (6.2%)	 0 (0%)	 217 (96.9%)	   7 (3.1%)

Chi-square test result: cases vs controls, P = 0.1044.

Distribution of the G1790A polymorphism

The frequencies of the GG, GA, and AA genotypes of the G1790A polymorphism in exon 
12 of HIF-1α were 96.7, 3.3, and 0%, respectively, in the 120 COPD cases; these values were 90.2, 
9.8, and 0%, respectively, in the controls. The difference in the distribution of different genotypes 
was statistically significant between the 2 groups (P < 0.05). A total of 98.4 and 1.6% of patients 
with COPD carried the G and A alleles, respectively; in contrast, 95.1 and 4.9% of healthy controls 
carried the G and A alleles, respectively. The difference between the 2 groups was statistically 
significant (P < 0.05; Table 4).

Table 4. Distribution of alleles and genotypes of HIF-1α G1790A in the two groups.

	 N		  Genotypes		                                    Alleles

		  GG	 GA	 AA	 G	 A

Cases	 120	 116 (96.7%)	   4 (3.3%)	 0 (0%)	 236 (98.4%)	   4 (1.6%)
Controls	 112	 101 (90.2%)	 11 (9.8%)	 0 (0%)	 213 (95.1%)	 11 (4.9%)

Chi-square test result: cases vs controls, P = 0.0446.

DISCUSSION

In recent years, HIF-1α has emerged as a key factor in COPD. In the present study, HIF-
1α polymorphisms were assessed using the polymerase chain reaction-restriction fragment length 
polymorphism method, and the potential associations with COPD susceptibility were investigated. We 
found that the distribution of different genotypes and alleles of the HIF-1α C1772T polymorphism was 
not significantly different between cases and controls. In contrast, the distribution of different genotypes 
and alleles of the HIF-1α G1790A polymorphism was statistically different between the 2 groups. These 
findings suggest that HIF-1α polymorphisms are closely associated with COPD development.

HIF-1 critically mediates the adaptive response to hypoxia. Previous studies have 
demonstrated that HIF-1α polymorphisms show statistically significant differences regarding their 
involvement in the development and progression of multiple diseases (Tanimoto et al., 2003; 
Liu et al., 2007). Additionally, several other studies have shown that HIF-1α polymorphisms are 
significantly associated with several diseases (including cancer, diabetes, and coronary heart 
disease) in people of different ethnicities (Yamada et al., 2005; Hebert et al., 2006; Hlatky et al., 
2007; Kim et al., 2008). The HIF-1α C1772T (P582S) and G1790A (A588T) polymorphisms may 
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significantly elevate HIF-1α protein expression and lead to increased transcription of downstream 
target genes (Tanimoto et al., 2003; Fu et al., 2005; Koukourakis et al., 2006). A previous study 
showed that both mRNA and protein expression of HIF-1α were significantly decreased in the lung 
tissue of patients with severe COPD/emphysema (Yasuo et al., 2011). These studies suggest that 
the A allele at position 1790 of the HIF-1α gene could protect against COPD, while the G allele 
may be a risk factor for COPD. Additionally, the HIF-1α G1790A polymorphism may decrease 
COPD risk, which is consistent with our findings. No significant association between the C1772T 
polymorphism and COPD was found in the present study; however, whether there is a significant 
association between this polymorphism and COPD remains unclear. Previous studies identified 
an association between the HIF-1α C1772T polymorphism and prostate cancer; however, an 
association between the HIF-1α C1772T polymorphism and hypoxic biomarker expression has not 
been observed (Foley et al., 2009).

COPD is a chronic systemic inflammation syndrome characterized by irreversible, 
progressive airflow obstruction (Fabbri and Rabe, 2007). HIF-1α is a critical factor responsible 
for maintaining oxygen homeostasis under hypoxia conditions, and this transcription factor was 
found to be associated with the development and progression of COPD. Our results demonstrate 
that the HIF-1α G1790A polymorphism is a risk factor for COPD susceptibility; however, the exact 
mechanisms involved in the influence of the HIF-1α G1790A polymorphism on the development 
and progression of COPD remain unclear and additional studies are required.
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