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Abstract. The purpose of the present study was to explore
the relationship between nuclear factor erythroid 2‑related
factor 2 (Nrf2)/BTB‑CNC allogeneic 1 (Bach1)/γ‑glutamic
acid cysteine synthase (γ‑GCS) and chronic obstructive
pulmonary disease (COPD). The expression of Nrf2, Bach1,
γ‑GCS mRNA and protein in the peripheral blood mono‑
nuclear cells (PBMCs) of 80 COPD patients and 40 healthy
volunteers were studied. Then, the correlation between
Nrf2, Bach1, γ‑GCS and lung function, inflammation and
oxidative stress indicators was analyzed. Compared with
healthy controls, Nrf2, Bach1 mRNA and protein levels were
significantly increased in the PBMCs of COPD patients, while
γ‑GCS mRNA and protein levels were significantly decreased.
Nrf2 and Bach1 protein levels in the nucleus were significantly
elevated in acute exacerbation COPD patients compared with
patients with a stable stage of COPD, while γ‑GCS mRNA
levels were significantly reduced. In addition, it was found
that Nrf2 nuclear protein levels were significantly reduced in
COPD patients compared with the control group, while Bach1
nuclear protein levels were significantly increased. Correlation
analysis in COPD group demonstrated that γ‑GCS mRNA
was positively correlated with Nrf2 nuclear protein level, but
negatively correlated with Bach1 nuclear protein level. Further
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analysis demonstrated that γ‑GCS mRNA and Nrf2 protein in
the nucleus was positively correlated with forced expiratory
volume in one second (FEV1)/forced vital capacity (FVC)%
and FEV1% predicted, and Bach1 protein in the nucleus was
negatively correlated with FEV1/FVC% and FEV1% predicted.
Additionally, the expression levels of Nrf2, Bach1 and γ‑GCS
were also associated with smoking. The expression of Nrf2,
Bach1 and γ‑GCS in peripheral blood mononuclear cells of
patients with COPD was dysregulated and related to lung
function, which provides a new basis for exploring further the
pathogenesis of COPD.
Introduction
Chronic obstructive pulmonary disease (COPD) is a common
chronic and frequently occurring disease in the respira‑
tory system, and its prevalence and mortality are expected
to increase in the coming decades (1). The World Health
Organization estimated that COPD is to become the third
most prevalent cause of worldwide mortality by 2020 (2). The
pathogenesis of COPD is complicated, its pathogenesis has
not yet been fully elucidated and no breakthrough has been
made in clinical treatment. Current research suggests that
oxidative stress is one of the important mechanisms leading to
the development of COPD (3,4).
Glutathione (GSH) is an important antioxidant in the body
and is the main substance in the lung combating the continued
damage of endogenous and exogenous oxidants. γ‑glutamic
acid cysteine synthase (γ‑GCS) is the rate‑limiting enzyme
for the synthesis of GSH and serves an important role in the
COPD oxidation/antioxidant system (5). Increased expres‑
sion and activity of γ‑GCS gene, which in turn increases
GSH synthesis, may be one of the main mechanisms of
COPD antioxidant activity (6). The expression of γ‑GCS is
mainly concentrated at the transcription level (7). Findings
have shown that under oxidative stress (for instance, smog),
protein kinase C, PI3K, ERK and other signaling pathways
activate γ‑GCS mRNA transcription by activating nuclear
factor erythroid 2‑related factor 2 (Nrf2), activator protein 1
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(AP‑1) and NF‑κ B, catalyzing increased GSH synthesis and
participating in the antioxidant processes (7). The regulation
of γ‑GCS expression at the transcriptional level to increase the
synthesis of GSH and enhance the body's antioxidant capacity
are important for the treatment of many diseases, including
COPD as well as certain tumors such as prostate cancer and
colon cancer (8‑10).
Recently, it was identified that Nrf2 is at the core of oxida‑
tive stress that serves an important role in the pathogenesis
of COPD (11). Nrf2 belongs to the family of Cap‘n’collar
(CNC) transcription factors and binds to the antioxidant
response element (ARE) in the upstream promoter region of
antioxidant enzymes, which can maintain the oxidation/anti‑
oxidant balance state of the cells by regulating the expression
of various antioxidant genes such as γ‑GCS, nicotinamide
adenine dinucleotide phosphate hydrogen, quinone oxido‑
reductase 1 and heme oxygenase‑1 (12,13). Animal studies
have identified that the basal and inducible expression of the
antioxidant gene in NRF2‑deficient mice results in increased
sensitivity to oxidative stress, suggesting that the Nrf2/ARE
pathway serves a key role in regulating intracellular redox
status (14,15). BTB‑CNC allogeneic 1 (Bach1), is also a
member of the CNC transcription factor family. Bach1 shuttles
in the cytoplasm and nucleus to regulate the dynamic balance
of oxidation/antioxidation (16,17). Unlike Nrf2, Bach1 can
block ARE‑mediated transcription of antioxidant genes (18). It
has been shown that Nrf2 and Bach1 may serve a competitive
regulatory role in the expression of γ‑GCS in the pathogenesis
of COPD in rats (19). Reichard et al (20) identified that Bach1
competes with Nrf2 for the binding site of the antioxidant
reaction, which acts on the antioxidant response element and
regulates the expression of downstream antioxidant genes.
Wang et al (19) demonstrated that Bach1 and Nrf2 may compete
for the reverse regulation of the expression of the antioxidant
gene γ‑GCS during the development of COPD in rats.
As previous studies have remained at the level of animal
experiments, the changes and correlations of Nrf2, Bach1,
γ‑GCS expression levels in peripheral blood mononuclear
cells (PBMCs) of COPD patients was investigated to explore
their role in the pathogenesis of COPD, and analyze the role
of Nrf2 and Bach1 in the regulation of γ‑GCS expression, thus
opening up new directions for the clinical treatment of COPD.
Materials and methods
Research objects. A total of 80 patients with COPD (COPD group)
who were admitted to the First Affiliated Hospital of Soochow
University between June 2016 and March 2018 were enrolled,
including 36 patients with acute exacerbation (AE) COPD and
44 patients in stable stage of COPD (stable COPD). The diagnosis
and classification of COPD were in accordance with the criteria
for the diagnosis and treatment of COPD (21). Patients had clear
consciousness, speech communication and behavioral coordina‑
tion. They had difficulty breathing, cough or chronic cough, and
had a history of exposure to risk factors; the first second forced
expiratory volume occupancy lung capacity percentage [forced
expiratory volume in one second (FEV1)/forced vital capacity
(FVC)%] was <70%. Other diseases were excluded; none of the
patients were associated with other diseases that could cause
asthma or difficulty in breathing, such as bronchiectasis, bronchial

asthma or lung cancer. Another 40 healthy subjects were selected
as the control group. All healthy controls had a FEV1/FVC% >70%
and no respiratory or other diseases. The study was approved by
the Ethics Committee of the First Affiliated Hospital of Soochow
University, and all subjects signed informed consent.
Pulmonary function test. The lung function test was performed
according to the instructions of the lung function tester
(Sensor Medics Ltd.) under the guidance of a lung function
test professional technician. The main observation indexes
were FEV1/FVC% and forced expiratory volume in the first
second as a percentage of predicted value (FEV1% predicted).
Determination of serum oxidative stress index. As previously
described (22,23), the content of malondialdehyde (MDA) was
detected by thiobarbituric acid colorimetry; the content of GSH
and the activity of oxide dismutase (SOD) were determined
by chemical methods. The kits for MDA (cat. no. A003‑1‑2),
GSH (cat. no. A005‑1‑2) and SOD (cat. no. A001‑3‑2) were
purchased from Nanjing Jiancheng Bioengineering Research
Institute and the procedures were carried out in strict accor‑
dance with the operating instructions.
Specimen collection and separation of PBMCs. All the blood
samples were taken from the cubital vein of the subjects, and
the COPD group specimens were collected on the day of hospi‑
talization. EDTA‑K2 anticoagulated whole blood (10 ml) was
added to an equal volume of Hank's solution, and gently poured
into the centrifuge tube pre‑filled with 10 ml of Ficoll‑Pague
lymphocyte separation solution (Thermo Fisher Scientific, Inc.)
along the tube wall. Following centrifugation at 1,200 x g for
15 min at 18˚C, the mononuclear cell layer between the plasma
layer and the Ficoll‑Pague layer were collected and placed in a
de‑enzyme Eppendorf tube. PBS (0.01 M) was added following
centrifugation, the supernatant was discarded and the cell pellet
(PBMCs) was collected following washing. Then, 1 ml of TRIzol®
(Invitrogen; Thermo Fisher Scientific, Inc.) was added and the
mixture was thoroughly mixed before being stored at ‑80˚C.
RNA extraction and reverse transcription‑quantitative (RT‑q)
PCR. Total RNA in PBMCs was extracted using TRIzol®
(cat. no. R0016; Beyotime Institute of Biotechnology) according
to the manufacturer's protocols. The nucleic acid protein
analyzer measured absorbance at 260 and 280 nm and the total
RNA concentration. The RT‑qPCR reaction was carried out
using a SYBR Premix Ex Taq kit (Takara Bio, Inc.) according
to the manufacturer's protocols, and the reaction system was
20 µl. The reaction conditions were: Pre‑denaturation at 94˚C
for 4 min into the main cycle, wherein pre‑denaturation
at 94˚C for 30 sec, denaturation at 56˚C for 60 sec and exten‑
sion at 72˚C for 40 sec after 40 cycles. The amount of mRNA
expression was calculated using the 2‑ΔΔCq method (24). β‑actin
as considered an internal reference. Primer sequences used
were: γ‑GCS sense: 5'‑ATG ATAGAACAC G GG AGG‑3',
antisense: 5'‑CAAATACCACATAGGCAG‑3'; Nrf2 sense:
5'‑CCAT TTACGGAGACCCAC‑3', antisense: 5'‑GGAT TC
ACGCATAGGAGC‑3'; Bach1 sense: 5'‑GTCAGGGCAATG
TAAGAGC‑3', antisense: 5'‑CGTGAGGTCCAGCAGAAT‑3';
β‑actin sense: 5'‑CCTA AGGCCA ACCGTGAA‑3', antisense:
5'‑CTAGGAGCCAGGGCAGTAATC‑3'.
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Table I. Characteristics of patients with COPD and healthy subjects.
Parameters
Sex (male/female)
Age (years)
BMI
Smoking index
SO2
TG (mmol/l)
TC (mmol/l)
HDL (mmol/l)
LDL (mmol/l)
FEV1% predicted
FEV1/FVC%
TNF‑α (pg/ml)
CRP (µg/ml)
MDA (µmol/l)
SOD (U/ml)
GSH (mg/l)

Healthy controls (n=40)

COPD (n=80)

P‑value

26/14
62.33±6.66
22.93±1.52
10.25±15.65
97.05±1.40
1.59±0.72
4.58±0.72
1.36±0.35
2.65±0.86
106.29±15.84
79.58±6.56
1.04±0.78
19.60±15.01
2.94±1.75
123.00±1.75
424.66±7.98

48/32
61.73±7.29
23.31±1.48
15.16±16.69
96.89±1.42
1.40±0.67
4.70±0.90
1.40±0.48
2.49±0.76
82.01±16.49
59.11±9.70
2.60±1.95
23.31±16.40
4.39±1.96
79.82±8.16
290.85±35.38

0.595
0.663
0.191
0.124
0.560
0.156
0.456
0.641
0.300
<0.001
<0.001
<0.001
0.232
<0.001
<0.001
<0.001

COPD, chronic obstructive pulmonary disease; BMI, body mass index; SO2, oxygen saturation; TG, triglyceride; TC, total cholesterol; HDL,
high‑density lipoprotein; LDL, low‑density lipoprotein; FEV1, forced expiratory volume in one second; FVC, forced vital capacity; TNF, tumor
necrosis factor; CRP, C‑reactive protein; MDA, malondialdehyde; SOD, superoxide dismutase; GSH, glutathione.

Protein extraction and western blot assay. Cytoplasmic and
nuclear extraction was performed using the cytoplasmic/nuclear
isolation kit (BioVision, Inc.) according to the manufacturer's
protocols. La min B (Santa Cruz, USA) was used to detect the
purity of the separation. A total protein extraction kit (Tiangen
Biotechnology, China) was used to extract total cellular
proteins. Following protein denaturation, the volume of each
well was 20 µg protein/lane was separated via SDS‑PAGE on a
8% gel. The separated proteins were subsequently transferred
onto PVDF membranes on ice and blocked with 5% skimmed
milk at room temperature for 1 h. The primary antibodies
(Abcam) targeting Nrf2 (1:5,000; cat. no. ab76026; Abcam),
Bach1 (1:400; cat. no. ab49657; Abcam) and γ‑GCS (1:500;
cat. no. AF7037; Beyotime Institute of Biotechnology) were
added and incubated overnight at 4˚C with GAPDH (1:5,000)
as an internal reference. Following incubation with secondary
antibody (1:1,000; cat. no. A21020; Abbkine Scientific Co.,
Ltd.) for 1 h at room temperature. ECL was performed and
the film scanned using ImageScanner, the image strip area and
gray value were analyzed using FluorChem 8900 software
(version 9.5.3; Alpha Innotech Corporation).
Statistical analysis. Data were statistically analyzed using
SPSS 20.0 (IBM Corp.). The measurement data were expressed
as mean ± standard deviation, and the LSD‑t test was performed
between the two groups in accordance with the normal distri‑
bution, and the one‑way analysis of variance followed by
Tukey analysis of variance was performed among then ever
smoking‑healthy (NS‑H), smoking‑healthy (including former
smokers; S‑H), never smokers with chronic obstructive pulmo‑
nary disease (NS‑COPD) and smokers with chronic obstructive
pulmonary disease (including former smokers; S‑COPD)

S‑groups. The Mann‑Whitney U test was used for comparison
between the two groups when the normal distribution was not
met, and the Kruskal‑Wallis H test was used between the two
groups. Count data was analyzed using χ2 tests or Fisher's exact
tests. Pearson's or Spearman's correlation was used to analyze
the correlation between variables. P<0.05 was considered to
indicate a statistically significant difference.
Results
Characteristics of subjects. No differences in general data such as
sex, age, and BMI was observed between the two groups. FEV1%
predicted and FEV1/FVC% in the COPD group were significantly
lower than those in the control group (P<0.05). The level of MDA
in plasma of COPD patients increased significantly, while the
levels of GSH and SOD decreased significantly. In addition, the
level of tumor necrosis factor (TNF)‑α in patients with COPD was
significantly higher compared with the control group (Table I).
Expression levels of Nrf2, Bach1 and γ‑GCS mRNA and protein
in PBMCs. To investigate the causes of systemic oxidation/antioxi‑
dant imbalance in COPD patients, the transcription and translation
of γ‑GCS in PBMCs was analyzed. The results demonstrated
that the expression levels of γ‑GCS mRNA and protein in
PBMCs of COPD patients were significantly decreased (P<0.05,
Fig. 1A and B), indicating that the antioxidant capacity of COPD
patients decreased. It was also identified that the total protein levels
of Nrf2 and Bach1 in PBMCs of COPD patients were significantly
higher compared with those in the control group (P<0.05; Fig. 1B).
The intranuclear and intracytoplasmic protein expression
was analyzed and it was identified that Nrf2 protein levels
in the nucleus were significantly reduced in COPD patients
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Figure 1. mRNA and protein expression of Nrf2, Bach1 and γ‑GCS in PBMCs. (A) mRNA expression of γ‑GCS,Nrf2 and Bach1 in PBMCs. (B) Protein
expression of (a) γ‑GCS, (b) Nrf2and (c) Bach1in PBMCs.*P<0.05 and **P<0.01 vs. healthy control. Nrf2, nuclear factor erythroid 2‑related factor 2; Bach1,
BTB‑CNC allogeneic 1; and γ‑GCS, γ‑glutamic acid cysteine synthase; PBMCs, peripheral blood mononuclear cells.

compared with the control group, and Bach1 protein levels
in the nucleus were significantly increased (P<0.05; Fig. 1B).
Correlation analysis in the COPD group demonstrated that
γ‑GCS mRNA expression level was positively correlated with
Nrf2 nuclear protein level (P<0.05; Fig. 2), and negatively
correlated with Bach1 nuclear protein level (P<0.05; Fig. 2).
Relationship between Nrf2, Bach1 and γ‑GCS expression and
severity of COPD patients. Compared with patients with the stable
stage of COPD, FEV1% predicted and FEV1/FVC% were signifi‑
cantly lower in AECOPD patients (P<0.05; Table II), and GSH level
was significantly different between the two groups (P<0.05; Table II).
The data demonstrated that Nerf2 and Bach1 protein levels in the
nucleus were significantly increased in AECOPD patients, while
γ‑GCS mRNA levels were significantly decreased (P<0.05; Fig. 3).
Analysis of Nrf2, Bach1 protein and γ‑GCS mRNA expression
in peripheral blood of smoking and non‑smoking subgroups.
All subjects were subgrouped according to whether they
smoked. As shown in Table II, compared with NS‑COPD, S‑H

and NS‑H (P<0.05; Fig. 4), Nerf2 and Bach1 protein levels in the
nucleus were significantly increased in S‑COPD patients, while
γ‑GCS mRNA levels were significantly decreased (P<0.05;
Fig. 4). Similar results were identified in GSH (Table III).
Relationship between Nrf2, Bach1 protein and γ‑GCS mRNA
expression and clinicopathological data of patients with
COPD. As shown in Table IV, γ‑GCS mRNA and Nrf2 nuclear
protein level were positively correlated with FEV1/FVC% and
FEV1% predicted. By contrast, Bach1 nuclear protein level was
negatively correlated with FEV1/FVC% and FEV1% predicted
(P<0.05; Table IV). In addition, Nrf2, Bach1 and γ‑GCS were
also associated with GSH (P<0.05; Table IV).
Discussion
The present study analyzed the expression levels of Nrf2,
Bach1 and γ‑GCS in peripheral blood PBMCs from 80
COPD cases and 40 control subjects. A significant increase
was observed in Nrf2 and Bach1 expression levels in PBMC
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Table II. Comparison of clinical data of patients with different levels of COPD.
Parameters
Sex (male/female)
Age (years)
BMI
Smoking index
SO2
TG (mmol/l)
TC (mmol/l)
HDL (mmol/l)
LDL (mmol/l)
FEV1% predicted
FEV1/FVC%
TNF‑α (pg/ml)
CRP (µg/ml)
MDA (µmol/l)
SOD (U/ml)
GSH (mg/l)

Stable stage of COPD (n=44)

AECOPD (n=36)

P‑value

23/21
61.32±7.25
23.42±1.41
14.69±15.86
96.80±1.47
1.41±0.72
4.60±0.91
1.44±0.46
2.61±0.70
86.54±17.46
61.63±9.58
2.94±2.01
22.56±16.86
4.11±1.90
78.97±7.48
304.43±31.96

25/11
62.22±7.30
23.17±1.56
15.73±17.63
97.01±1.35
1.16±0.57
4.81±0.81
1.35±0.52
2.35±0.81
78.13±15.04
56.03±8.93
2.20±1.80
24.24±15.77
4.73±1.98
80.87±8.80
276.47±38.71

0.119
0.583
0.454
0.782
0.512
0.094
0.284
0.414
0.128
0.025
0.009
0.090
0.649
0.158
0.300
0.001

COPD, chronic obstructive pulmonary disease; AE, acute exacerbation; BMI, body mass index; SO2, oxygen saturation; TG, triglyceride; TC,
total cholesterol; HDL, high‑density lipoprotein; LDL, low density lipoprotein; FEV1, forced expiratory volume in one second; FVC, forced
vital capacity; TNF, tumor necrosis factor; CRP, C‑reactive protein; MDA, malondialdehyde; SOD, superoxide dismutase; GSH, glutathione.

Figure 2. Relationship among Nrf2, Bach1 and γ‑GCS in patients with COPD. Nrf2, nuclear factor erythroid 2‑related factor 2; Bach1, BTB‑CNC allogeneic
1; γ‑GCS, γ‑glutamic acid cysteine synthase; COPD, chronic obstructive pulmonary disease.

in patients with COPD, while γ‑GCS expression level was
significantly reduced. Further analysis demonstrated that the
expression levels of Nrf2, Bach1 and γ‑GCS were signifi‑
cantly correlated with lung function decline index (FEV1 %
predicted, FEV1/FVC%) and oxidative stress index (GSH),
and were associated with smoking history in patients with
COPD.
There are significant oxidative and antioxidant imbalances
in patients with COPD (25). The anti‑oxidative mecha‑
nism in the body helps the host to alleviate oxidative stress

damage (26). GSH is an indispensable antioxidant for key
functions and metabolism in cells which serves an important
role in maintaining the normal function of cells (27). γ‑GCS is
a major antioxidant gene in the body and serves an important
role in the antioxidant mechanism of COPD by catalyzing the
synthesis of GSH (28). The transcription of γ‑GCS is closely
related to endogenous GSH level, reflecting the body's anti‑
oxidant capacity (29). The present study demonstrated that
γ‑GCS mRNA and protein levels were significantly reduced
in PBMCs in patients with COPD, and correlation analysis
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Figure 3. γ‑GCS mRNA and Nrf2 and Bach1 protein in the nucleus in patients with stable stage COPD and AECOPE. *P<0.05 and **P<0.01 vs. stable stage of
COPD. Nrf2, nuclear factor erythroid 2‑related factor 2; Bach1, BTB‑CNC allogeneic 1; γ‑GCS, γ‑glutamic acid cysteine synthase; COPD, chronic obstructive
pulmonary disease; AE, acute exacerbation.

Figure 4. Nucleus Nrf2, Bach1 protein and γ‑GCS mRNA expression in peripheral blood of smoking and non‑smoking subgroups. **P<0.01 vs. NS‑COPD.
The one‑way analysis followed by Tukey analysis of variance was performed among the NS‑H, S‑H, NS‑COPD and S‑COPD groups. Nrf2, nuclear factor
erythroid 2‑related factor 2; Bach1, BTB‑CNC allogeneic 1; γ‑GCS, γ‑glutamic acid cysteine synthase; NS‑H, never smoking‑healthy; S‑H: smoking‑healthy
(including former smokers); NS‑COPD, never smokers with chronic obstructive pulmonary disease; S‑COPD, smokers with chronic obstructive pulmonary
disease (including former smokers).

demonstrated that γ‑GCS was positively correlated with GSH,
FVE1% predicted and FEV1/FVC in patients with COPD. It
was suggested that the transcription and expression levels
of γ‑GCS in the cell during the development of COPD are
decreased, which led to a decrease in the body's antioxidant
capacity and caused deterioration of lung function in patients.
The current regulation mechanism for γ‑GCS has yet to be
elucidated.
Nrf2 and Bach1 are widely present in the body and belong
to members of the CNC transcription factor family, all of
which are involved in oxidative stress responses (30). Previous
studies have shown that Bach1 and Nrf2 are in an unbal‑
anced state in COPD rats (31) and lung tissue of patients with
emphysema (32), and elevated levels of Bach1 are identified in
emphysema patients (32). The elevated expression of Nrf2 and
Bach1 protein was also identified in PBMCs of COPD patients,
which suggested that Nrf2 and Bach1 imbalance in COPD
patients may be an important mechanism for the development
of COPD.
Wang et al (19) demonstrated that Bach1 and Nrf2
may compete for the reverse regulation of γ‑GCS expres‑
sion during the development of COPD in rats. Sykiotis
and Bohmann (33) identify that Bach1 serves a negative
regulatory role in the anti‑oxidation of the body and can
compete with Nrf2 for binding to ARE. Gao and Dai (31)
also identify that Bach1 and Nrf2 proteins are positively and
negatively correlated with γ‑GCS mRNA, respectively. The
present study demonstrated that Nrf2 protein was positively

correlated with γ‑GCS mRNA expression, while Bach1
protein was negatively correlated with γ ‑GCS mRNA.
Using transfection technology to alter Bach1 and Nrf2
protein levels in the nucleus, Sykiotis and Bohmann (33)
demonstrated that Bach1 nuclear accumulation downregu‑
lates ARE‑mediated gene expression, resulting in decreased
antioxidant enzyme production, and the dynamic equilib‑
rium relationship between Bach1 and Nrf2 in the nucleus
affects ARE‑mediated gene transcription. The results of the
present study demonstrated that Nrf2 and Bach1 nuclear
translocation are associated with γ‑GCS expression. It was
also identified that Nrf2 and Bach1 protein expression levels
in the nucleus were correlated with FVE1% predicted and
FEV1/FVC%. Therefore, it was hypothesized that oxidative
stress stimulated the movement of Nrf2 and Bach1 in the
cytoplasm and nucleus during the pathogenesis of COPD:
Nrf2 enters the nucleus, Bach1 exits the nucleus and the
levels of them in the nucleus participate in the regulation of
γ‑GCS transcription. Enhancing the expression of the down‑
stream antioxidant gene γ‑GCS by promoting Nrf2 nuclear
translocation and inhibiting Bach1 nuclear translocation
may enhance the host's antioxidant capacity which could be
of significance for the treatment of patients with COPD.
Altuntaş et al (34) identified that COPD patients
and healthy smokers have higher systemic oxidative
stress levels compared with those who do not smoke,
indicating that smoking causes an increase in systemic
oxidative stress. The present study also identified that
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Table III. Comparison of clinical data between subgroups of smokers and non‑smokers.
Parameters

NS‑H (n=24)

S‑H (n=16)

NS‑COPD (n=34)

S‑COPD (n=46)

P‑value

Sex (male/female)
Age (years)
BMI
Smoking index
SO2
TG (mmol/l)
TC (mmol/l)
HDL (mmol/l)
LDL (mmol/l)
FEV1% predicted
FEV1/FVC%
TNF‑α (pg/ml)
CRP (µg/ml)
MDA (µmol/l)
SOD (U/ml)
GSH (mg/l)

8/16
62.33±7.21
22.63±1.64
0
97.38±1.29
1.68±0.62
4.48±0.67
1.37±0.35
2.69±0.93
106.37±17.14
82.54±6.30
1.01±0.87
18.98±15.98
2.63±1.72
123.36±4.94
425.70±6.40

14/2
62.31±5.73
23.37±1.21
25.62±14.78
96.57±1.43
1.48±0.74
4.73±0.74
1.35±0.35
2.58±0.73
104.18±13.66
75.14±3.90
1.07±0.63
20.53±13.37
3.41±1.67
122.45±6.23
423.10±9.68

11/23
61.91±6.59
23.05±1.30
0
97.13±1.23
1.43±0.76
4.69±0.81
1.42±0.37
2.39±0.67
89.05±16.32
64.02±8.04
1.99±1.44
21.61±11.02
4.31±1.98
76.02±7.38
307.02±36.42

44/2
61.58±7.76
23.49±1.58
26.35±13.75
96.72±1.52
1.19±0.58
4.69±0.92
1.39±0.56
2.57±0.82
76.80±14.59
55.49±9.22
3.05±2.16
24.57±19.34
4.44±1.94
82.63±7.54
278.89±29.33

<0.001
0.972
0.122
<0.001
0.154
0.032
0.714
0.955
0.538
<0.001
<0.001
<0.001
0.531
0.001
<0.001
<0.001

The one‑way analysis of variance was performed among the four groups, and the P‑values were obtained by comparing four groups. NS‑H,
never smoking‑healthy; S‑H, smoking‑healthy (including former smokers); NS‑COPD, never smokers with chronic obstructive pulmonary
disease; S‑COPD, smokers with chronic obstructive pulmonary disease (including former smokers); BMI, body mass index; SO2, oxygen
saturation; TG, triglyceride; TC, total cholesterol; HDL, high density lipoprotein; LDL, low density lipoprotein; FEV1, forced expiratory
volume in one second; FVC, forced vital capacity; TNF, tumor necrosis factor; CRP, C‑reactive protein; MDA, malondialdehyde; SOD,
superoxide dismutase; GSH, glutathione.

Table IV. Correlations between Nrf2, Bach1 and γ‑GCS mRNA and other parameters.
Parameters
FEV1% predicted
FEV1/FVC%
CRP
TNF‑α
MDA
SOD
GSH

γ‑GCS mRNA

Nucleus Nrf2 protein

Nucleus Bach1 protein

r=0.357, P=0.001
r=0.444, P<0.001
r=0.259, P=0.020
r=0.182, P=0.109
r=0.134, P=0.237
r=0.197, P=0.080
r=0.395, P<0.001

r=0.203, P<0.001
r=0.394, P<0.001
r=0.662, P=0.062
r=0.049, P=0.667
r=0.145, P=0.204
r=0.105, P=0.364
r=0.345, P=0.002

r=0.391, P<0.001
r=0.345, P=0.002
r=0.170, P=0.131
r=0.045, P=0.680
r=0.055, P=0.631
r=0.205, P=0.069
r=0.498, P<0.001

Pearson's or Spearman's was used to analyze the correlation between variables. Nrf2, nuclear factor erythroid 2‑related factor 2; Bach1,
BTB‑CNC allogeneic 1; γ‑GCS, γ‑glutamic acid cysteine synthase; FEV1, forced expiratory volume in one second; FVC, forced vital capacity;
TNF, tumor necrosis factor; CRP, C‑reactive protein; MDA, malondialdehyde; SOD, superoxide dismutase; GSH, glutathione.

Nrf2/Bach1/γ‑GCS‑mediated oxidation/antioxidant imbal‑
ance was associated with smoking history. Due to the limited
subjects within this study, it was impossible to make a final
conclusion as to whether this imbalance could be attributed
to smoking status and gender.
In summary, the present study identified that Nrf2 and
Bach1 expression were elevated in PBMCs of patients
with COPD, while γ ‑GCS expression was decreased,
and the levels of all three were correlated with lung
function, confirming that Nrf2/Bach1/ γ ‑GCS‑mediated
oxidation/antioxidant imbalance is associated with COPD

development. The present study provided new information
for further understanding the pathogenesis and develop‑
ment of COPD.
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