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Abstract. Autophagy serves a role in the pathogenesis of 
chronic inflammatory diseases. The aim of the present study 
was to compare the autophagy levels in the peripheral blood 
mononuclear cells (PBMCs) of patients with chronic obstruc-
tive pulmonary disease (COPD) and healthy individuals and 
to assess the association between autophagy and the clinical 
parameters of COPD. Samples of peripheral blood from 
20 patients with stable COPD and 20 healthy controls were 
collected. PBMCs were harvested using Ficoll density gradient 
centrifugation. Levels of the autophagy‑associated proteins 
ubiquitin‑binding protein p62 (p62), microtubule‑associated 
proteins 1A/1B light chain 3A (LC3I/II) and beclin‑1 in 
PBMCs were detected by western blotting. Enzyme‑linked 
immunosorbent assay kits were used to detect the serum 
concentrations of interleukin (IL)‑6, IL‑8 and tumor necrosis 
factor (TNF)‑α. Associations between the levels of autophagy 
and forced expiratory volume in 1 sec % predicted (FEV1%) 
and pro‑inflammatory factors were assessed. Western 
blotting demonstrated that the protein expression of p62 
was decreased, but LC3II/I and beclin‑1 levels increased 
in patients with COPD compared with healthy controls. 
Serum levels of IL‑6, IL‑8 and TNF‑α were increased in 
patients with COPD. The extent of PBMC autophagy was 
negatively correlated with FEV1% predicted, but positively 
correlated with levels of pro‑inflammatory cytokines. The 
levels of autophagy in PBMCs in patients with COPD were 
increased and were negatively correlated with FEV1% 
predicted and positively correlated with circulating levels of 
pro‑inflammatory cytokines. Autophagy may serve a role as a 

biomarker of the severity of COPD or as a therapeutic target 
for treatment of COPD.

Introduction

Chronic obstructive pulmonary disease (COPD) is a chronic 
inflammatory disease of the airways. It is characterized 
by progressive and incompletely reversible airflow limita-
tion (1). COPD severely affects the quality of life of patients 
and results in an economic burden to them, their families, 
healthcare providers and society  (2). Worldwide, COPD 
ranks as the third most common cause of death and the fifth 
most common cause of chronic disability  (1,2). Chronic 
cigarette smoking, exposure to noxious gases/particles and 
aging are the most common risk factors for the occurrence 
and development of COPD (3). However, in rural areas and 
in populations with low socioeconomic status, nutritional 
status and use of indoor biofuels are equally important risk 
factors (3,4).

Inflammation and the inflammatory mediators released 
from immune cells accumulate in the lungs of patients with 
COPD. This action can contribute to the development of 
airway remodeling, which includes thickening of bronchial 
smooth muscle and deposition of the extracellular matrix (5,6). 
Pulmonary inflammation can lead to airway stenosis, increased 
airway resistance and reduced lung function in patients with 
COPD (5,6). Furthermore, there is increasing evidence indi-
cating that chronic inflammation in patients with COPD is also 
a systemic inflammatory response (7,8).

Autophagy is the regulated destructive mechanism of the 
cell that disassembles unnecessary or dysfunctional compo-
nents. This physiological mechanism identified primarily in 
polymorphonuclear phagocytes and mononuclear phagocytes, 
is increased during chronic inflammation. However, excessive 
activation of autophagy has been demonstrated to promote 
apoptosis and inflammation (9). Previous studies indicated 
that autophagy is involved in the pathogenesis of COPD (9‑11). 
Using a mouse model of COPD induced by smoke inhalation, 
the authors of the present study previously demonstrated that 
autophagy was associated with inflammation as well as the 
development of emphysema and airway resistance (12). The 
authors have also previously demonstrated that expression of 
autophagy‑associated proteins increased in a human bronchial 
epithelial cell line (Beas‑2B) treated with cigarette smoke 
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condensate and that 14,15‑epoxyeicosatrienoic can inhibit 
the inflammatory response through suppression of autophagy 
induced by cigarette smoke (13). Autophagy involves a pathway 
of cell metabolism that leads to phagocytic cell engulfing its 
own cytoplasmic proteins or organelles which form vesicles 
that fuse with lysosomes to create autophagosomes, which 
can be observed by electron microscopy (14). Autophagy can 
be classified into macro‑autophagy, micro‑autophagy and 
molecular chaperone‑mediated autophagy (15).

To the best of our knowledge, no studies have evaluated 
autophagy and expression of pro‑inflammatory cytokines in the 
peripheral blood mononuclear cells (PBMCs) of patients with 
COPD. The present study compared the levels of autophagy of 
PBMCs in patients with COPD with those of healthy controls 
and assessed the association between autophagy and the 
clinical parameters of COPD.

Materials and methods

Ethical approval of the study protocol. The study protocol 
complied with the Declaration of Helsinki and Good Clinical 
Practice guidelines. The study protocol was approved by the 
Ethics Committee of Beijing Friendship Hospital (approval 
no. 2017‑P2‑014‑01). All individuals who participated in this 
study provided written informed consent.

Chemicals and reagents. Ficoll separation medium was 
purchased from Tianjin HaoYang Biological Products 
Technology Co., Ltd. (Tianjin, China). Radioimmunorecipi
tation assay (RIPA) lysis buffer was obtained from Beyotime 
Institute of Biotechnology (Shanghai, China). Bicinchoninic 
acid (BCA) Protein Assay kit, enhanced chemiluminescent 
(ECL) substrate and PageRuler™ Prestained Protein Ladder 
were purchased from Thermo Fisher Scientific, Inc. (Waltham, 
MA, USA). Nitrocellulose membranes were obtained from 
Applygen Technologies, Inc. (Beijing, China). A ChemiDoc™ 

MP system for detecting the antibody‑antigen reactivity of 
western blotting was purchased from Bio‑Rad Laboratories, Inc. 
(Hercules, CA, USA). The clinical spirometer used purchased 
from Jaeger; Vyaire Medical Inc. (Würzburg, Germany). 
Enzyme‑linked immunosorbent assay (ELISA) kits for human 
interleukin (IL)‑6 (cat. no. EH08‑96), IL‑8 (cat. no. EH07‑96) 
and tumor necrosis factor (TNF)‑α (cat. no. EH02‑96) were 
obtained from Beijing Bio‑Biotech Co., Ltd. (Beijing, China). 
The primary antibodies against microtubule‑associated 
proteins 1A/1B light chain 3A (LC3I/II; cat. no. ab62721; 
1:1,000), ubiquitin‑binding protein p62 (p62; cat. no. ab56416; 
1:1,000) and beclin‑1 (cat. no.  ab207612, 1:2,000) were 
purchased from Abcam (Cambridge, MA, USA). GAPDH 
(cat. no. 60004‑1‑lg; 1:10,000) was obtained from ProteinTech 
Group, Inc. (Chicago, IL, USA). Peroxidase‑conjugated goat 
anti‑mouse (cat. no. ZB‑2305; 1:5,000) and goat anti‑rabbit 
(cat. no.  ZB‑2301; 1:5,000) secondary antibodies were 
purchased from OriGene Technologies, Inc. (Beijing, China).

Recruitment of patients and healthy controls. A control group 
of healthy people (n=20; male) and patients with stable COPD 
(n=20; male) were recruited at the Beijing Friendship Hospital, 
Capital Medical University (Beijing, China) between February 
and July 2017.

Inclusion criteria for the control group were healthy adults 
without chronic respiratory disease, cancer, hematologic 
disease, hypertension, arrhythmia, ischemic heart disease or 
diabetes mellitus. Patients with COPD were included if their 
disease was stable. Exclusion criteria were diagnosis of COPD 
with other chronic respiratory diseases, including asthma, 
bronchiectasis, interstitial lung disease. The study population 
was free from ischemic heart disease, kidney disease, cancer 
or autoimmune disease. Lung‑function tests were undertaken 
by a single spirometry technician experienced in carrying out 
such tests. The diagnostic criteria for stable COPD were in 
accordance with current recommendations set by the Global 
Initiative for Chronic Obstructive Lung Disease (16).

Isolation of PBMCs. Ethylenediamine tetraacetic acid 
Vacutainer™ tubes (BD Biosciences, Franklin Lakes, NJ, 
USA) were used to collect venous blood samples (10  ml) 
from fasting participants in the early morning. Aliquots of 
the supernatant were collected by centrifugation at 800 x g 
and 25˚C for 15 min and subsequently stored at ‑80˚C. The 
remaining blood was mixed and added slowly dropwise to a 
centrifuge tube containing 10 ml of Ficoll separation medium. 
PBMCs were isolated according to manufacturer's protocol 
and stored at ‑80˚C.

Western blotting. PBMCs were lysed with RIPA lysis 
buffer and protein concentrations determined with the BCA 
Protein Assay kit according to the manufacturer's protocol. 
Subsequently, 20 µg of protein/well were separated using 12% 
SDS‑PAGE. The proteins were subsequently transferred to 
nitrocellulose membranes at 300 mA for 60 min. The nitro-
cellulose membranes were blocked with Tris‑buffered saline 
containing 0.1% Tween 20 (TBST) and 5% non‑fat milk powder 
for 2 h at room temperature. The nitrocellulose membranes 
were incubated with primary antibodies overnight at 4˚C on 
a shaker set at a slow speed. The nitrocellulose membranes 
were washed thrice with TBST and incubated with secondary 
antibodies for 1 h at room temperature. After washing thrice, 
ECL substrate was added to the nitrocellulose membrane. The 
signal was detected using Image Lab™ software (version 5.1; 
Bio‑Rad Laboratories, Inc.). Band density was quantified with 
ImageJ software (version 1.51; National Institutes of Health, 
Bethesda, MD, USA).

ELISA. Serum levels of IL‑6, IL‑8 and TNF‑α were measured 
by ELISA according to manufacturer's protocol. All samples 
were measured in duplicate.

Statistical analyses. All statistical analyses were carried out 
using Prism 5 (GraphPad Software, Inc., La Jolla, CA, USA). 
Normally distributed data are presented as the mean ± standard 
deviation. The statistical difference of the levels of autophagy 
and pro‑inflammatory cytokines between patients with COPD 
and healthy controls was performed using the independent 
sample Student's t‑test. Correlation between the levels of 
autophagy, serum levels of pro‑inflammatory cytokines 
and pulmonary function was determined using Pearson's or 
Spearman's tests, for normally and not normally distributed 
data, respectively. P<0.05 was considered to indicate a statisti-
cally significant difference.
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Results

Characterization of the study cohort. The study cohort was 
divided into 20 healthy controls and 20 patients with COPD. 
Clinical characteristics of this cohort, including age, body mass 
index, blood tests and lung function parameters are summarized 
in Table I. Neutrophil counts and lung function were significantly 
different between patients with COPD and healthy subjects.

Autophagy levels of PBMCs were increased in patients with 
COPD. Western blotting (Fig. 1) demonstrated that expres-
sion of the autophagy‑associated protein p62 was reduced 
compared with the control group (Fig.  1B; P=0.0011). 
Furthermore, beclin‑1 expression (Fig. 1C; P<0.0001) and 
LC3II/I ratio (Fig. 1D; P=0.0249) were increased compared 
with the control group.

Cytokine levels were increased in patients with COPD. 
ELISA results (Fig. 2) exhibited significantly increased serum 
levels (in pg/ml) of IL‑6 (11.96±3.46 vs. 2.70±1.72; P<0.0001; 
Fig. 2A), IL‑8 (20.38±18.44 vs. 6.0±4.08; P=0.0016; Fig. 2B), 
and TNF‑α (29.5±28.18 vs. 11.08±12.07; P=0.0106; Fig. 2C) in 
patients with COPD compared with the control group.

Levels of pro‑inflammatory cytokines were associated with 
autophagy levels in patients with COPD. Correlation analyses 
(Fig. 3) demonstrated that levels of IL‑6 (r=‑0.4675; P=0.0377; 
Fig. 3A), IL‑8 (r=‑0.5366; P=0.0147; Fig. 3B) and TNF‑α 
(r=‑0.6065; P=0.0046; Fig. 3C) were negatively correlated 
with p62/GAPDH levels. Levels of IL‑6 (r=0.5094; P=0.0218; 
Fig.  3D), IL‑8 (r=0.4841; P=0.0305; Fig.  3E) and TNF‑α 
(r=0.5454; P=0.0129; Fig. 3F) were positively correlated with 
beclin‑1/GAPDH levels. Levels of IL‑6 (r=0.6344; P=0.0027; 
Fig. 3G), IL‑8 (r=0.5847; P=0.0068; Fig. 3H) and TNF‑α 
(r=0.5818; P=0.0071; Fig. 3I) were positively correlated with 
LC3II/I levels.

COPD severity according to lung function was correlated 
with autophagy. Correlation analyses (Fig. 4) demonstrated 
that forced expiratory volume in 1 sec % predicted (FEV1% 
predicted) was positively correlated with p62/GAPDH levels 
in patients with COPD (r=0.6702; P=0.0012; Fig. 4A). FEV1% 
predicted was negatively correlated with beclin‑1/GAPDH 
levels (r=‑0.5306; P=0.0161; Fig. 4B) and with LC3II/I levels 
(r=‑0.5967, P=0.0055; Fig. 4C).

Discussion

COPD is a public health problem. However, at present, 
the pathogenesis and therapeutic targets of COPD are not 
completely elucidated. Autophagy is common in eukaryotic 
cells. Increasingly sophisticated research on the role of 
autophagy has revealed that autophagy and COPD are closely 
associated (13,17‑20). 

To the best of the authors' knowledge, the present study 
is the first to demonstrate that levels of autophagy in PBMCs 
in patients with COPD were increased compared with normal 
controls and that autophagy levels were negatively correlated 
with FEV1% predicted, but positively correlated with circu-
lating levels of pro‑inflammatory cytokines. 

Exposure to cigarette smoke is the primary cause of 
COPD (13). Furlong et al (17) demonstrated that exposure to 
cigarette smoke can trigger an autophagic cascade by acti-
vating the adenosine monophosphate‑activated protein kinase 
pathway in mouse ovaries. Gannon et al (18) demonstrated 
that, in murine granulosa cells induced by cigarette‑smoke 
exposure, the levels of autophagy increased and mitochondrial 
dynamics were impaired. Chen et al (19) demonstrated that 
autophagy is involved in inflammation and that excess mucus 
production is induced by ultrafine particles in the airway epithe-
lium. Zhou et al (20) demonstrated that autophagy serves an 
essential part in bronchial mucus production induced by ciga-
rette smoke by regulating MUC5AC expression. The studies of 
Hussain and Sandri (21) and Plant et al (22) demonstrated that 
autophagy can affect the bronchial‑muscle function of patients 
with COPD. The pathophysiological mechanisms involved in 
COPD, including oxidative stress and inflammation, are asso-
ciated with autophagy (14,23‑25). Therefore, autophagy serves 
a role in the pathogenesis of COPD. The results of our study 
support the current view that autophagy is involved in COPD.

In the present study, levels of LC3II/I were evaluated 
since in the process of autophagy, the characteristic microtu-
bule‑associated protein light chain LC3‑I is converted to LC3‑II 
and, therefore, LC3II/I levels are expected to increase (26,27). 
Beclin‑1 is an autophagy‑mediated protein and its expression 
is known to increase during autophagy (28). p62 is an intra-
cellular and multifunctional protein that contains a variety of 
protein domains and serves a role in signal transduction and 
pathogenesis of multiple diseases, including COPD (29‑32). As 
a link between LC3 and polyubiquitinated proteins, p62 can 
transport damaged organelles or proteins into autophagosomes 
through the ubiquitin signaling pathway. Eventually, p62 
and its substrates are degraded together in autophagosomes. 
Therefore, p62 levels are negatively correlated with autophagy 
levels, which can be used as a marker of autophagy (33). In the 
present study, p62 levels were reduced and those of LC3II/I 
and beclin‑1 increased, in patients with COPD, compared with 
healthy controls.

Table I. Clinical characteristics of the study cohort.

	 Controls  	 Patients with	
Characteristic	 (n=20)	 COPD (n=20)	 P‑value

Age (years)	 67.05±8.96	 62.25±5.30	 0.076
Height (cm)	 169.05±5.86	 168.5±5.38	 0.576
Weight (kg)	 70.0±6.59	 68.4±9.76	 0.307
BMI (kg/m2)	 24.49±1.87	 24.04±2.69	 0.467
WBC (x109/l)	 6.88±1.86	 7.08±1.76	 0.739
NEU (%)	 61.62±9.20	 68.54±8.09	 0.018
FEV1 (%)	 98.02±3.71	 43.41±14.51	 <0.01
FEV1/FVC (%)	 88.05±5.19	 59.98±8.40	 <0.01

COPD, chronic obstructive pulmonary disease; BMI, body mass 
index; WBC, white blood cell; Neu %, percentage of neutrophils; 
FEV1, forced expiratory volume in 1 sec; FVC, forced vital capacity. 
Data are presented as the mean  ±  standard deviation. P<0.05 was 
considered to indicate a statistically significant difference.
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The present study demonstrated that levels of the 
pro‑inf lammatory cytokines IL‑6, IL‑8 and TNF‑α in 
the serum of patients with COPD were increased and 
were correlated with autophagy levels. The pathophysi-
ological processes of inflammation, cytokine production and 
autophagy are involved in airway remodeling in COPD (34). 
One study demonstrated that the detection of IL‑6 levels 

could be used to predict the frequency of future COPD 
exacerbations (35). The aforementioned study supports the 
view that inhibition of inflammation induced by inhibi-
tion of the production of pro‑inflammatory mediators may 
prevent/limit the pulmonary parenchymal, vascular and 
airway alterations that result in clinical manifestations of 
COPD (35,36).

Figure 2. Serum levels of IL‑6, IL‑8 and tumor necrosis factor (TNF)‑α in patients with COPD and healthy controls. The serum levels of (A) IL‑6, (B) IL‑8 
and (C) TNF‑α were significantly higher in patients with COPD compared with healthy controls. Data are presented as the mean ± standard deviation from 
three independent experiments. *P<0.05 vs. the control group. IL, interleukin; TNF‑α, tumor necrosis factor‑α; COPD, chronic obstructive pulmonary disease.

Figure 1. Autophagy levels of peripheral blood mononuclear cells in patients with COPD and healthy controls. (A) Western blot analysis of protein expres-
sion. Levels of the autophagy‑associated proteins (B) p62, (C) beclin‑1 and (D) LC3II/I were quantified. GAPDH was used as a loading control. Data are 
presented as the mean ± standard deviation from three independent experiments. *P<0.05 vs. the control group. p62, ubiquitin‑binding protein p62; LC3II/I, 
microtubule‑associated proteins 1A/1B light chain 3A; COPD, chronic obstructive pulmonary disease.
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Studies have demonstrated that autophagy may serve 
different roles in different diseases, including metabolic 
disease, neurodegenerative disease, infections and immu-
nologic disease  (37‑39). Vij  et  al  (40) demonstrated that 
cigarette smoke‑induced impairment of autophagy acceler-
ates lung aging. Li et al (41) reported that silymarin, similar 
to our previous study focusing on 14,15‑epoxyeicosatrienoic 
acid (13), attenuates cigarette smoke extract‑induced inflam-
mation via inhibition of autophagy. The above studies, together 
with the present study indicating that autophagy levels of 
PBMCs in patients with COPD were positively correlated 
with circulating levels of inflammatory cytokines, suggest that 
autophagy may regulate the inflammatory response in COPD 
through different pathways. 

The present study also demonstrated that the FEV1% 
predicted was negatively correlated with levels of autophagy 
in PBMCs of patients with COPD. This result raises the possi-
bility that autophagy may be used as a biomarker to evaluate 

severity of COPD. There is an association between autophagy, 
inflammation and lung function, and a high level of autophagy 
can activate the inflammatory response, and chronic inflamma-
tion can lead to airway remodeling and accelerate reductions 
in lung function. By contrast, long periods of low levels of 
oxygen and hypercapnia due to airway obstruction can aggra-
vate inflammation. The above phenomena can influence each 
other (42,43).

The present study had three main limitations. The study 
cohort was entirely male and the medication history of patients 
was not studied in detail. Furthermore, according to the 
FEV1% predicted value, the study cohort contained only six 
patients with moderate airflow limitation and no patients with 
mild airflow limitation; the remaining patients had severe and 
very severe airflow limitation.

In conclusion, the present study demonstrated that 
autophagy levels in PBMCs in patients with COPD were 
increased and were correlated with FEV1% predicted values 

Figure 3. The association between inflammatory factors and autophagy levels in the PBMCs of patients with COPD. (A) Correlation between serum levels of 
IL‑6 and p62/GAPDH levels in the PBMCs of patients with COPD. (B) Correlation between serum levels of IL‑8 and p62/GAPDH levels in the PBMCs of 
patients with COPD. (C) Correlation between serum levels of TNF‑α and p62/GAPDH levels in the PBMCs of patients with COPD. (D) Correlation between 
serum levels of IL‑6 and beclin‑1/GAPDH levels in the PBMCs of patients with COPD. (E) Correlation between serum levels of IL‑8 and beclin‑1/GAPDH 
levels in the PBMCs of patients with COPD. (F) Correlation between serum levels of TNF‑α and beclin‑1/GAPDH levels in the PBMCs of patients with COPD. 
(G) Correlation between serum levels of IL‑6 and LC3II/I levels in the PBMCs of patients with COPD. (H) Correlation between serum levels of IL‑8 and 
LC3II/I levels in the PBMCs of patients with COPD. (I) Correlation between serum levels of TNF‑α and LC3II/I levels in the PBMCs of patients with COPD. 
P<0.05 was considered to indicate a statistically significant difference. IL, interleukin; TNF‑α, tumor necrosis factor‑α; PBMC, peripheral blood mononuclear 
cell; COPD, chronic obstructive pulmonary disease.
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and circulating levels of pro‑inflammatory cytokines. 
Autophagy may serve a role as a biomarker of severity or as a 
therapeutic target for treatment of COPD. 
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