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Abstract. Chronic obstructive pulmonary disease (COPD) is 
the most common cause of chronic morbidity and mortality. 
However, the molecular mechanisms underlying COPD 
remain largely unknown. The purpose of the present study 
was to investigate the expression patterns of hypoxia-inducible 
factor 1α (HIF-1α), vascular endothelial growth factor (VEGF), 
and VEGF receptor 2 (R2) in regard to the HIF-1 signaling 
pathway in COPD. The expressions of HIF-1α, VEGF and 
VEGFR2 were examined and quantified in the human lung 
tissues of 102 subjects with a defined smoking status, with 
or without COPD. The expressions of HIF-1α, VEGF and 
VEGFR2 were observed to be increased in the lung tissues 
collected from smoking COPD subjects when compared 
with those tissues from smoking subjects without COPD 
and non-smoking subjects without COPD. The expression of 
HIF-1α was shown to be positively associated with the expres-
sion of VEGF and VEGFR2. In addition, increased expression 
of HIF-1α, VEGF and VEGFR2 reflected the disease severity 
of COPD. The key findings obtained from the present study 
indicated that high expression of HIF-1α, VEGF and VEGFR2 
may be associated with decreased lung function and reduced 
quality of life, contributing to disease progression in COPD.

Introduction

Chronic obstructive pulmonary disease (COPD) is charac-
terized by progressive, irreversible obstruction of airflow, 
with pathological changes in the lung and extrapulmonary 
comorbidities, which are defined in the 2011 version of Global 
Initiative for Chronic Obstructive Lung Disease (GOLD) (1). 
Airflow obstruction is commonly caused by airway diseases 

or emphysema (2), and it is associated with body mass index 
(BMI) (3) and cardiovascular diseases (4). According to 
an estimation by the World Health Organization, COPD 
is the fourth leading cause of death globally, and it causes 
approximately 3,000,000 deaths annually (5). The severity of 
COPD is assessed on the basis of forced expiratory volume 
over 1 sec (FEV1), and spirometry is usually used as the 
gold standard (6). The Modified Medical Research Council 
(mMRC) scale and the COPD Assessment Test (CAT) scores 
are commonly performed to evaluate the severity of dyspnea 
and quality of life for COPD patients (7). The most common 
risk factor for COPD is inhalation of toxic substances, which 
causes inflammation in the lung, especially cigarette smoke, as 
well as inhaled smoke from the burning of biomass fuels (8). 
Only 25% of smokers suffer from COPD, which indicates that 
other risk factors or molecular biomarkers may be involved in 
the occurrence and progression of COPD (9), although theses 
remain to be determined.

Hypoxia-inducible factor 1 (HIF-1) is a transcriptional 
activator induced by hypoxia, and a modulator of oxygen 
homeostasis and physiological responses (10,11). HIF-1 medi-
ates oxygen delivery through its effects on vascular remodeling 
and angiogenesis, and oxygen utilization through involvement 
in redox homeostasis and glucose metabolism (12). Vascular 
endothelial growth factor (VEGF), whose expression is induced 
by HIF-1α, is a potent regulator of angiogenesis and vascular 
permeability. VEGF has shown to be involved in the patho-
genesis of COPD and HIF-1α-regulated VEGF overexpression 
may be a characteristic of chronic bronchitis (13). VEGF and 
its receptors VEGFR-1 (Flt-1) and VEGFR-2 (KDR/Flk-1) 
could play a role in tissue remodeling and angiogenesis in 
COPD (14). We proposed the hypothesis that the HIF-1α 
signaling pathway may be associated with COPD progression. 
We examined and quantified the expression of HIF‑1α, VEGF 
and VEGFR2 in human lung tissues from 102 subjects with a 
defined smoking status, with or without COPD. A compara-
tive study was performed using non-smoking subjects without 
COPD, smoking subjects without COPD, and smoking COPD 
subjects. In the present study, the expressions of HIF-1α, 
VEGF and VEGFR2 was found to be increased in the lung 
tissues collected from smoking COPD subjects compared 
with those tissues from smoking subjects without COPD and 
non-smoking subjects without COPD. Increased expressions 
of HIF-1α, VEGF and VEGFR2 reflected the disease severity 
of COPD.
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Materials and methods

Ethics statement. The present study was performed with the 
approval of the Ethics Committee of the No. 5 Hospital of 
Xiamen (Xiamen, China). Written informed consent and the 
required documentation were obtained from each patient and 
respective guardians prior to the study.

Tissue specimens. A total of 102 lung tissue specimens were 
collected from subjects who received surgical resection at 
the Department of Thoracic Surgery of the No. 5 Hospital 
of Xiamen from June 2015 to December 2016. These lung 
tissue specimens had a known smoking status, with or without 
COPD according to pulmonary function test. Smoking history 
was recorded as required by the Global Initiative for Chronic 
Obstructive Lung Disease (GOLD) (15) and Guidelines for 
Diagnosis and Treatment of Chronic Obstructive Pulmonary 
Disease (16) specified by the COPD group of affiliate of 
respiratory disease in the Chinese Medical Association. 
The included subjects met all of the following requirements: 
i) Patients who were ready to receive pulmonary surgery; 
ii) patients who were diagnosed with COPD based on the 
Guidelines for Diagnosis and Treatment of Chronic Obstructive 
Pulmonary Disease (2013 edition), namely, those with a 
post-bronchodilator FEV1 <80% predicted, FEV1/forced vital 
capacity (FVC) ratio <70% and FEV1 >1.0 L, and pulmonary 
surgery was feasible; and iii) patients who did not undergo 
any radiotherapy or chemotherapy before the pulmonary 
surgery. Subjects were excluded from the enrollment if they 
were diagnosed with: i) Non-COPD pulmonary diseases such 
as bronchial asthma, bronchiectasis, interstitial pulmonary 
fibrosis or diffuse panbronchiolitis; ii) cognitive impairment, 
obnubilation or senile dementia; iii) critical systemic diseases 
such as cardiac disease or liver failure; and iv) a history of 
drug abuse or alcohol dependence. The lung tissues enrolled 
in this study were fresh tissues without focal infiltration, as 
examined with the naked eye. They were all collected from 
the lung borders (>5 cm away from the lesions). The tissues 
were washed in D-Hanks solution containing penicillin and 
streptomycin. Some lung tissues were stored in liquid nitrogen 
and some were conventionally fixed and embedded in paraffin, 
followed by slicing.

Clinical outcomes. Lung functions were evaluated before 
surgery by a pirometer (Jaeger Master Screen; Erich Jaeger 
GmbH, Hoechberg, Germany). A week before surgery, the 
same parameters of lung functions were measured, including 
FVC, FEV1, predicted FEVl% (FEVl% pred), FEV1/FVC and 
peak expiratory flow (PEF). Pulmonary function tests were 
performed 15 min after salbutamol inhalation (20 µg), and 
bronchodilators were not administered 24 h before the test. 
The quality of life was assessed for the COPD patients using 
the CAT questionnaire (17). The patients gave scores (0-5) 
for each item according to their own conditions, and 0 point 
represented the lowest degree of severity, while 5 points 
represented the highest degree. Higher scores represented a 
lower quality of life. The mMRC dyspnea scale was applied to 
grade the severity of dyspnea of COPD patients, and Grade 0 
represented the slightest dyspnea, while Grade 4 represented 
the worst dyspnea.

Hematoxylin and eosin (H&E) staining. Fresh lung tissue 
blocks were fixed in formalin, embedded in paraffin and 
sliced (3‑5 mm thickness). The sections were deparaffinized 
using xylene and dehydrated in graded ethanol. Then sections 
were stained with hematoxylin for 10 min before rinsing under 
running water. After differentiation in 1% ethanol-hydrochloric 
acid for 30 sec, the sections were immersed in tap water for 
15 min, followed by counterstaining in eosin for 2 min. After 
that, sections were conventionally dehydrated, permeabilized 
and mounted. Images of the tissues were acquired and analyzed 
by two senior pathologists with a double-blind method.

Immunohistochemistry. The lung tissues were embedded in 
paraffin and sliced to serial sections of 4 µm. Then the sections 
were baked at 70˚C for 15 min and dehydrated in graded 
ethanol. Endogenous peroxidase activity was quenched with 
H2O2, followed by washing with phosphate-buffered saline 
(PBS) 3 times (5 min per wash). Normal goat serum was 
employed to incubate the sections for 15 min at room tempera-
ture. Primary antibodies (20-30 µl) of HIF-1α (1:100; Wuhan 
Boster Biological Technology, Ltd., Wuhan, China), VEGF 
(working solution; Zymed South San Francisco, CA, USA) and 
VEGFR2 (1:100; Wuhan Boster Biological Technology, Ltd.) 
diluted by PBS were used in the sections, incubated at 4˚C 
overnight. PBS, instead of the primary antibody, was used as 
negative control. After washing for 3 times with PBS, bioti-
nylated ready-to-use secondary antibodies were added and 
incubated for 20 min at 37˚C. Horseradish peroxidase-labeled 
streptavidin working solution was added to the incubation 
for 20 min at 37˚C. Diaminobenzidine (DAB; Zhongshan 
Goldenbridge Biotechnology Co., Ltd., Beijing, China) 
was used to develop color for 3-5 min. Then, the sections 
were fully rinsed under running water, followed by a 5-min 
counterstain using hematoxylin. After that, the sections were 
dehydrated, permeabilized in xylene and mounted, followed 
by microscopic examination. The images were reviewed 
by two senior pathologists with a double-blind method. The 
numbers of cells with positive expression and tumor cells were 
calculated by computer-assisted microscope image analysis. 
The positive expression of HIF-1α located in the nucleus or 
cytoplasm was demonstrated by yellow/brown color. The 
VEGF protein was mainly located in the cytoplasm, and cells 
with yellow brown particles in the cytoplasm were determined 
as positive cells. The expression of VEGFR2 was primarily 
located in the membrane and cytoplasm, with yellow/brown 
particles representing positive expression. Five high power 
fields (magnification, x400) were randomly selected for each 
section. A total of 200 cells were counted in each field, and 
the semi-quantitative integral method (18) was adopted to 
determine the results. The number of positive cells was 
graded as 0, 1 (<25%), 2 (25-75%), 3 (>75%), and the inten-
sity of the dye color was graded as 1 (weak expression, light 
yellow), 2 (moderate expression, yellow brown) or 3 (strong 
expression, brown). The two scores were multiplied together 
and the specimens were classified as one of 4 levels: 0‑1 (‑) 
for negative expression, 2-3 (±) for weak positive expression, 
4-6 (+) for moderate positive expression or 7-9 (++) for strong 
positive expression. ‘-’ and ‘±‘ were combined to ‘-’, and ‘+’ 
and ‘++’ to ‘+’, in order to simplify data analysis. The immu-
nohistochemical images were analyzed with the HPIAS-1000 
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high-resolution color image processing system. Five fields 
were selected at random, and ten cells were selected in each 
field. The absorbance values (A) of the yellow/brown or brown 
positive particles represented the expression of HIF-1α, VEGF 
and VEGFR2.

Western blot analysis. The concentration of proteins extracted 
from lung tissues was determined by the bicinchoninic acid 
(BCA) Protein Assay kit (Wuhan Boster Biological Technology, 
Ltd.) according to the manufacturer's instructions. Extracted 
proteins were mixed with the loading buffer, boiled for 10 min 
at 95˚C, and then 30 µg of protein was added to each well. 
Then 10% polyacrylamide gel electrophoresis (Wuhan Boster 
Biological Technology, Ltd.) was performed to separate proteins 
with voltage transferred from 80 to 120 V. Then, the proteins 
were transferred onto polyvinylidene fluoride membranes 
by wet transfer with transmembrane voltage of 100 mV for 
45-70 min. The membrane was blocked with 5% bovine serum 
albumin for 1 h and then independently incubated with diluted 
(1:100) primary antibodies, rabbit anti-HIF-1α, VEGF, and 
VEGFR2 antibodies (Santa Cruz Biotechnology, Inc., Santa 
Cruz, CA, USA) at 4oC for 12 h. β-actin (1:200) was set as the 
internal reference, purchased from Santa Cruz Biotechnology, 
Inc. The membranes were washed with Tris-buffered saline 
with Tween-20 (TBST) solution 3 times (5 min per wash), 
and incubated with the secondary antibodies for 1 h at room 
temperature. After membrane washing 3 times (5 min per 
wash) and coloration, the samples were then developed using 
a Bio-Rad Gel Doc EZ Imager (Bio-Rad Laboratories, Inc., 
Hercules, CA, USA). The gray values of the target bands were 
analyzed using ImageJ software (National Institutes of Health, 
Bethesda, MD, USA). The experiment was repeated three times 
and the data were averaged.

Statistical analysis. SPSS 22.0 software (IBM Corp., Armonk, 
NY, USA) was used for data analyses. Quantitative data were 
expressed as the mean ± standard deviation. Comparisons 
among multiple groups were carried out by one-way analysis 
of variance test with the post hoc Student-Newman-Keuls test, 
and pairwise comparisons of the experimental groups by t-test. 
Qualitative and quantitative analyses were performed using 
Spearman's rank correlation analysis and Pearson correlation 
analysis. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Baseline characteristics of subjects with defined smoking 
status, with or without COPD. Among non-smoking subjects 
without COPD, smoking subjects without COPD, and smoking 
COPD subjects, there were no significant differences in sex, 
mean age, age distribution, BMI and history of alcohol use 
(all P>0.05). Compared with non-smoking subjects without 
COPD, smoking subjects with COPD and without COPD 
showed a higher smoking index (P<0.05). Smoking COPD 
subjects exhibited a higher rate of COPD family history than 
non-smoking subjects without COPD and smoking subjects 
without COPD (both P<0.05; Table I).

Decreased lung function in smoking COPD subjects. 
Non-smoking subjects without COPD and smoking subjects 
with or without COPD were compared on PF (pulmonary func-
tion) (Table II). The changes in PF-related indicators suggested 
that smoking COPD subjects were significantly different from 
non-smoking subjects without COPD and smoking subjects 
without COPD with respect to FEV1, FEVl% pred, FVC% 
pred and PEF% pred (all P<0.05), while no difference was 

Table I. Baseline characteristics of non-smoking non-COPD, smoking non-COPD and smoking COPD patients.

Characteristic NS group (n) S group (n) COPD group (n) P-value

Sex    0.298
  Male 20 23 26 
  Female 14 11   8 
Age (years) 56.32±8.34 58.65±6.87 60.32±8.20 0.114
Age distribution (years)    0.089
  <60 30 16 17 
  ≥60 14 18 19 
BMI (kg/m2) 23.65±7.89 23.01±6.89 22.18±6.41 0.693
Smoking index   0   771.16±109.87   876.54±118.28 <0.05
History of alcohol use    0.365
  Yes   6   8 11 
  No 28 26 23 
Family history    0.004
  Yes   2   6 13 
  No 32 28 21 

χ2 test was used to analyze the categorical data (sex, age distribution, history of alcohol use and family history). Data are presented as the 
n number, or as the mean ± standard deviation. COPD, chronic obstructive pulmonary disease; BMI, body mass index; NS group, non-smoking 
non-COPD group; S group, smoking non-COPD group; COPD group, smoking COPD group.
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found between non-smoking subjects without COPD and 
smoking subjects without COPD (all P>0.05).

Quality of life reductions and increases in degree of dyspnea 
in smoking COPD subjects. Comparisons of CAT scores and 
mMRC grades among non-smoking subjects without COPD, 
and smoking subjects with or without COPD (Fig. 1) demon-
strated that the CAT scores in non-smoking subjects without 
COPD, smoking subjects without COPD and smoking COPD 
subjects were 11.25±2.61, 14.03±2.72 and 21.90±2.42, respec-
tively; and the mMRC grades were 0.42±0.54, 0.76±0.43 and 
1.93±0.75, respectively. Compared with non-smoking subjects 
without COPD and smoking subjects without COPD, smoking 
COPD subjects exhibited higher CAT scores and mMRC 
grades (P<0.05), whereas COPD subjects both smoking and 
non‑smoking did not differ significantly (P>0.05).

Morphological changes in the lung tissues. In non-smoking 
subjects without COPD (Fig. 2A and D), complete alveoli 
with uniform sizes and thin walls were observed. Neither 
obvious congestion nor bleeding was identified. The alveolar 
cavity showed few inflammatory cells and extracellular matrix 

degradation was not significant. The bronchial mucosal folds 
were complete and no exudation in the bronchial lumen or 
few inflammatory cells in the wall were observed. In smoking 
subjects without COPD (Fig. 2B and E), S group of alveolar 
septum and pulmonary scattered inflammatory cells, but 
no smoke particles, vascular intimal and outer membrane 
thickening; damage, degeneration and necrosis of ciliated 
columnar epithelium were partially visible on the airway wall; 
mild squamous metaplasia, mild hyperplasia, fracture of the 
smooth muscle of the airway wall and lead to a small number 
of inflammatory cell infiltration. In smoking COPD subjects 
(Fig. 2C and F), inflammatory cell infiltration in the bronchial 
wall and pulmonary, pigmentation in subregion; cilia desqua-
mating and goblet epithelium cells metaplasia in the lung 
tissues. The alveolar wall becomes thinner or disappearing 
and some alveolar rupture and enlargement of the alveolar 
cavity. The airway wall visible ciliated columnar epithelial 
degeneration, necrosis and shedding; wall and surrounding 
vascular tissue infiltrated inflammatory cells; a large amount 
of carbon deposited near the tube wall.

Increased expression of HIF‑1α, VEGF and VEGFR2 in lung 
tissues collected from smoking COPD subjects. HIF-1α was 
mainly expressed in the cytoplasm and nucleus (Fig. 3A). The 
expression of HIF-1α was significantly higher in smoking 
COPD subjects compared with the non-smoking and smoking 
subjects without COPD (both P<0.05). VEGF was mainly 
expressed in the cytoplasm (Fig. 3B). The expression of VEGF 
was significantly increased in the smoking COPD subjects 
compared with the subjects without COPD, both non-smoking 
and smoking (both P<0.05). The expression of VEGFR2 was 
also mainly found to be in the cytoplasm and on the membrane 
(Fig. 3C). The expression of VEGFR2 was significantly higher 
in smoking COPD subjects compared with the non-smoking 
subjects without COPD and smoking subjects without COPD 
(both P<0.05). Out of the smoking COPD subjects, the expres-
sion rate of VEGF in the HIF-1α (+) group (62.5%, 10/16) was 
increased compared with in the HIF-1α (-) group (16.7%, 3/18; 
P<0.05); the expression rate of VEGFR2 in the HIF-1α (+) 
group (68.8%, 11/16) was higher compared with the HIF-1α (-) 
group (22.2%, 4/18; P<0.05). HIF-1α expression is positively 
correlated with the expression of VEGF and VEGFR2 (r=0.471, 
P=0. 002; r=0.468, P=0. 003; Table III).

Table II. Comparisons between the indicators of the pulmonary 
function test among the non-smoking non-COPD, smoking 
non-COPD and smoking COPD patients.

Indicator NS group S group COPD group

FEV1 (l) 2.39±0.38 2.31±0.33 1.90±0.42a,b

FEVl% pred 94.86±8.69 93.65±8.63 65.98±12.01a,b

FVC% pred 98.53±12.65 95.13±8.87 75.36±14.02a,b

FEV1/FVC% 80.11±7.02 78.56±5.34 66.18±3.90a,b

PEF% pred 92.60±23.05 89.61±25.99 58.02±17.70a,b

Data are presented as the mean ± standard deviation. aP<0.05 vs. NS 
group; bP<0.05 vs. S group. COPD, chronic obstructive pulmonary 
disease; FEV1, forced expiratory volume in 1 sec; pred, predicted; 
FVC, forced vital capacity; PEF, peak expiratory flow; NS group, 
non-smoking non-COPD group; S group, smoking non-COPD group; 
COPD group, smoking COPD group.

Figure 1. Smoking COPD subjects exhibited (A) reduced quality of life (reflected by CAT scores) and (B) an increased degree of dyspnea (reflected by mMRC 
grades). P<0.001, as indicated. COPD, chronic obstructive pulmonary disease; mMRC, Modified Medical Research Council scale; CAT, COPD Assessment Test.
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Increased expression of HIF‑1α, VEGF and VEGFR2 reflects 
the severity of COPD. We investigated the roles of HIF-1α, 
VEGF and VEGFR2 in developing COPD by western blot 

analysis. Among the smoking COPD subjects, the protein 
levels of HIF-1α and VEGF were increased in males, those 
with smoking history ≥10 years and those with severity grade 
of III/IV, compared with females, those with smoking history 
<10 years and those with severity grade of I/II, respectively 
(all P<0.05). The mean expression of VEGFR2 was increased 
in the smoking COPD patients with severity grade of III/IV 
compared with those with a severity grade of I/II (P<0.05). 
The expression of HIF-1α and VEGF were not correlated with 
age, time from symptom onset, history of alcohol use or family 
history (all P>0.05). VEGFR2 expression was not correlated 
with age, sex, smoking history, time from symptom onset, 
history of alcohol use or family history (all P>0.05; Table IV).

Expression of HIF‑1α, VEGF and VEGFR2 increases in 
relation to declined lung function, reduced quality of life and 
increased degree of dyspnea in COPD patients. In order to 
further examine the roles of HIF-1α, VEGF, and VEGFR2 
in COPD, we analyzed the protein levels of HIF-1α, VEGF 

Figure 2. Morphological alterations of the lung tissue, detected by hematoxylin and eosin staining. (A) Lung tissue of non-smoking without COPD group 
(magnification, x100); (B) lung tissue of smoking without COPD group (magnification, x100); (C) lung tissue of smoking COPD group (magnification, x100); 
(D) airway tissue of non‑smoking without COPD group (magnification, x400); (E) airway tissue of smoking without COPD group (magnification, x400); and 
(F) airway tissue of smoking COPD group (magnification, x400). COPD, chronic obstructive pulmonary disease.

Figure 3. Expression of (A) hypoxia inducible factor-1α, (B) VEGF and (C) VEGF receptor 2 was observed to be increased in the lung epithelium collected 
from smoking chronic obstructive pulmonary disease subjects, as detected by immunohistochemistry (magnification, x200 and x400 as indicated). VEGF, 
vascular endothelial growth factor.

Table III. Expression of HIF-1α, VEGF and VEGFR2 in 
COPD patients.

 VEGF, n (%) VEGFR2, n (%)
 --------------------------------------- ---------------------------------------
HIF-1α Total n (+) (-) (+) (-)

(+) 16 10 (62.5)   6 (37.5) 11 (68.8)   5 (31.2)
(-) 18   3 (16.7)a 15 (83.3)a   4 (22.2)a 14 (77.8)a

aP<0.05 vs. HIF-1α (+). COPD, chronic obstructive pulmonary 
disease; HIF-1α, hypoxia-inducible factor-1; VEGF, vascular endo-
thelial growth factor; VEGFR2, vascular endothelial growth factor 
receptor 2.
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and VEGFR2 in relation to lung functions, quality of life and 
degree of dyspnea. The protein level of HIF-1α was nega-
tively correlated with FEV1 (L), FEVl% pred, FVC% pred, 
FEV1/FVC% and PEF% pred (r=-0.624, P<0.001; r=-0.740, 
P<0.001; r=-0.664, P<0.001; r=-0.826, P<0.001; r=-0.800, 
P<0.001, respectively), while it was positively correlated with 
CAT scores and mMRC grades (r=0.533, P<0.001; r=0.450, 
P=0.004, respectively). A negative correlation was identified 

between the protein level of VEGF and FEV1 (L), FEVl% 
pred, FVC% pred, FEV1/FVC% and PEF% pred (r=-0.711, 
P<0.001; r=-0.730, P<0.001; r=-0.550, P<0.001; r=-0.695, 
P<0.001; r=-0.670, P<0.001, respectively), while the protein 
level of VEGF was positively correlated with CAT scores 
and mMRC grades (r=0.594, P<0.001; r=0.579, P<0.001). 
VEGFR2 expression was determined to be negatively corre-
lated with FEV1 (L), FEVl% pred, FVC% pred, FEV1/FVC% 

Table IV. Expression of HIF-1α, VEGF and VEGFR2, and clinicopathological characteristics in COPD patients.

Factor n HIF-1α VEGF VEGFR2

Age (years)    
  ≥60 19 0.218±0.024 0.201±0.036 0.203±0.028
  <60 15 0.209±0.023 0.188±0.028 0.197±0.031
Sex    
  Male 26 0.220±0.023 0.203±0.031 0.204±0.025
  Female   8 0.196±0.018a 0.170±0.024a 0.188±0.039
History of smoking (years)    
  ≥10 23 0.221±0.023 0.203±0.033 0.203±0.027
  <10 11 0.199±0.018a 0.178±0.026a 0.194±0.034
Time from symptom onset (years)    
  ≥5 18 0.217±0.024 0.201±0.037 0.202±0.029
  <5 16 0.211±0.023 0.189±0.027 0.198±0.030
History of alcohol use    
  Yes 11 0.222±0.025 0.203±0.041 0.204±0.028
  No 23 0.210±0.023 0.192±0.028 0.199±0.030
Family history    
  Yes 13 0.220±0.023 0.198±0.040 0.200±0.028
  No 21 0.210±0.024 0.193±0.028 0.200±0.030
Severity grade     
  III/IV 27 0.219±0.022 0.203±0.031 0.207±0.028
  I/II   7 0.193±0.017a 0.164±0.019a 0.176±0.021a

aP<0.05 vs. the other index in the same protein. COPD, chronic obstructive pulmonary disease; HIF-1α, hypoxia-inducible factor-1α; VEGF, 
vascular endothelial growth factor; VEGFR2, vascular endothelial growth factor receptor 2. 

Table V. Association between the expression of HIF-1α, VEGF and VEGFR2, and PFT, CAT scores and mMRC grades in COPD 
patients.

Item HIF-1α VEGF VEGFR2

FEV1 (l) r=-0.624, P<0.001 r=-0.711, P<0.001 r=-0.646, P<0.001
FEVl% pred r=-0.740, P<0.001 r=-0.730, P<0.001 r=-0.735, P<0.001
FVC% pred r=-0.664, P<0.001 r=-0.550, P<0.001 r=-0.568, P<0.001
FEV1/FVC% r=-0.826, P<0.001 r=-0.695, P<0.001 r=-0.712, P<0.001
PEF% pred r=-0.800, P<0.001 r=-0.670, P<0.001 r=-0.694, P<0.001
CAT scores r=0.533, P<0.001 r=0.594, P<0.001 r=0.598, P<0.001
mMRC grades r=0.450, P=0.004 r=0.579, P<0.001 r=0.509, P=0.001

COPD, chronic obstructive pulmonary disease; CAT, COPD Assessment Test; mMRC, Modified Medical Research Council; HIF‑1α, 
hypoxia-inducible factor-1α; VEGF, vascular endothelial growth factor; VEGFR2, vascular endothelial growth factor receptor 2; FEV1, forced 
expiratory volume in 1 sec; pred, predicted; FVC, forced vital capacity; PEF, peak expiratory flow.
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and PEF% pred (r=-0.646, P<0.001; r=-0.735, P<0.001; 
r=-0.568, P<0.001; r=-0.712, P<0.001; r=-0.694, P<0.001), 
and positively correlated with CAT scores and mMRC grades 
(r=0.598, P<0.001; r=0.509, P=0.001; Table V).

Discussion

COPD is a condition that is not fully reversible and it is a 
critical cause of morbidity and mortality worldwide (2,3). 
Tobacco smoking has been reported to be a major risk factor 
for COPD (19,20). The present study was performed to explore 
the expression of HIF-1 signaling pathway-related proteins 
(HIF-1α, VEGF and VEGFR2) in subjects without COPD both 
smoking and non-smoking and smoking COPD subjects, and 
their association with the clinicopathological characteristics of 
COPD patients.

Pulmonary function tests were conducted and CAT and 
mMRC scales were used to determine lung functions, quality 
of life and degree of dyspnea among smoking COPD subjects, 
and non-smoking and smoking subjects without COPD. We 
found declined lung function, reduced quality of life and an 
increased degree of dyspnea in smoking COPD subjects. These 
findings in particular are largely corroborated by a previous 
study, where the rate of lung function decline was augmented 
in continued smoking COPD subjects, and the decline was 
increased in the GOLD II/III stages, which highlights the 
clinical value of early smoking cessation (21). The mechanism 
that was reported by Barnes (9), indicated that smoking may 
facilitate systemic inflammation and accelerate leukocytes, and 
smoking COPD patients suffer from more systemic inflamma-
tion. On the other hand, Sundar et al (22) demonstrated that 
smoking exacerbates COPD by triggering oxidative stress and 
chromatin remodeling. Active smoking facilitates systemic 
inflammation in smoking and non‑smoking COPD patients, 
and smoking should always be analyzed in studies on the patho-
genesis of COPD (23). Elevated airway inflammation promotes 
lung function decline, and FEV1 decline is enhanced by the 
duration and intensity of smoking in continual smokers (24,25). 
Symptoms and clinical signs of COPD reduce quality of life 
through chronic cough, shortness of breath and wheezing (6). 
Furthermore, it has been documented that patients with COPD 
may suffer from disability, which is caused by such specific 
functional limitations as reduced mobility, decreased exercise 
performance, weakness in skeletal muscles and a damaged 
lower extremity function (26).

Immunohistochemistry and western blot analysis in this 
study demonstrated that the expression of HIF-1α, VEGF and 
VEGFR2 was increased in lung tissues collected from smoking 
COPD subjects compared with non-smoking subjects without 
COPD and smoking subjects without COPD. Increased expres-
sion of HIF-1α, VEGF, and VEGFR2 reflected the disease 
severity of COPD. As stated in the study of Chen et al (27), 
HIF-1α gene expression is implicated in the progression of 
hypoxic pulmonary vascular remodeling under the regulation 
of prolyl hydroxylase in COPD. HIF-1α expression is low 
under conditions of normal oxygen supply since the stimula-
tion of prolyl hydroxylases hydroxylate HIF-1α at Pro-402 
and Pro-564 (28). Activity of HIF-1 is stimulated by hypoxia 
through the changes in expression of HIF-1α mRNA and 
protein (12), which has been revealed in non-small cell lung 

cancer (29), lung adenocarcinoma cancer (29) and hypoxic 
pulmonary hypertension (30). Specifically, HIF‑1α moves to 
the nucleus and dimerizes with HIF-1β under conditions of 
hypoxia, and then stimulates transcription of target genes with 
hypoxia-sensitive elements in the promoter region; meanwhile, 
the HIF signaling pathway attenuates mucus production in 
COPD by mediating the differentiation of airway epithelial 
cells (31). Moreover, the hypoxia-triggered activation of HIF 
and increased VEGF expression in pulmonary artery smooth 
muscle cells indicates that the HIF signaling pathway augments 
the vasculopathy of pulmonary arterial hypertension through 
involvement of nitric oxide alterations and corresponding 
metabolic changes (32,33). Corroborating results identified 
in this study were that HIF-1α expression was positively 
correlated with expression of VEGF and VEGFR2. VEGF is a 
crucial angiogenic growth factor and abnormal expression of 
VEGFRs may cause emphysema or chronic hypoxia (34,35). 
The expression of VEGF is elevated in the pulmonary 
muscular arteries of COPD patients and smokers, and this 
aberrant expression alteration is associated with the wall 
enlargement of pulmonary arteries (36,37). Airway inflamma-
tory cells and alveolar epithelial cells may be a major source 
of inflammatory mediators, cytokines and growth factors, 
including VEGF, and increased VEGF expression is likely to 
contribute to the pathogenesis of inflammatory lung diseases 
and to the angiogenic phenotype of lung cancer, a disease 
typically preceded by chronic inflammation (38). VEGF 
expression is up-regulated by hypoxia (39) and overexpression 
of VEGF and its receptors was also proposed to contribute 
to peripheral vascular and airway remodeling processes (14), 
which is the principal mechanism underlying COPD. The 
positive correlation between HIF-1α and VEGF and VEGFR2 
has been supported by a study by Ioannou et al (40), which 
showed that VEGF expression in small cell lung cancer 
reflects transcriptional activation regulated by HIF‑1α. As a 
COPD phenotype, chronic bronchitis also causes increased 
expression of VEGF and HIF-1α in lung tissues, and they are 
positively correlated (13).

In conclusion, the HIF-1 signaling pathway was activated 
in smokers with COPD, and the over-expression of related 
proteins such as HIF-1α, VEGF and VEGFR2 was associated 
with a decrease of lung function, reduced quality of life and 
progression of COPD. However, further studies are needed to 
assess the pre-cessation and post-cessation clinicopathological 
characteristics of smoking COPD patients. As a result of the 
present study, the HIF-1 signaling pathway may be proposed 
as a potential target for the treatment of COPD.
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