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Background: The aim of this study was to investigate the correlations of silent information regulator of transcription 1 (SIRT1)
expression, inflammatory factors, and oxidative stress with pulmonary function in patients with acute exacer-
bation of chronic obstructive pulmonary disease (AECOPD).

Material/Methods: Bronchoalveolar lavage fluid (BALF) was collected from 188 patients with COPD (83 in stable phase and 105
in acute exacerbation phase) and 56 healthy controls. Subsequently, the SIRT1 expression levels, the IL-6 and
IL-8 levels (the representatives of inflammatory factors), and the MDA and SOD levels (indicative of oxidative
stress) were detected via enzyme-linked immunosorbent assay. Correlations of SIRT1 expression, inflammato-
ry factors, and oxidative stress with pulmonary function parameters [forced expiratory volume in one second
(FEV1)/forced vital capacity (FVC) and FEV1] were measured via Spearman’s correlation analysis.
Results: The levels of inflammatory factors and oxidative stress were elevated and SIRT1 expression remarkably de-
clined in patients with AECOPD compared with those in healthy controls and stable COPD patients (P<0.05).
Spearman’s correlation analysis revealed that SIRT1 expression, interleukin (IL)-6, and IL-8 were strongly asso-
ciated with pulmonary function parameters (FEV1/FVC and FEV1) in patients with AECOPD (P<0.001), while no
such obvious correlation was observed in stable COPD patients.

Conclusions: Oxidative stress and expression levels of inflammatory factors are evidently elevated and SIRT1 expression de-
clines in patients with AECOPD. Moreover, SIRT1 expression is positively associated with pulmonary function
parameters, while IL-6 and IL-8 exhibit negative correlations with pulmonary function parameters.
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Background

Chronic obstructive pulmonary disease (COPD) is clinically
characterized by respiratory symptoms and airflow limitation,
which is greatly affected by environmental factors such as ex-
posure to deleterious particles or gases [1]. Acute exacerba-
tion of COPD (AECOPD) is the leading cause of the poor out-
come of COPD, which has a high mortality rate and results in
a tremendous health and socioeconomic burden [1]. Current
treatments can ameliorate respiratory symptoms but cannot
reverse lung injury and restore pulmonary function complete-
ly [2,3]. It is reported that oxidative stress and inflammation can
affect COPD progression [2]. Currently, lipopolysaccharide and
cigarette smoke (CS) are mostly utilized to induce COPD [3].

Superoxide dismutase (SOD) reduces oxidative stress and tis-
sue damage through removing superoxide, and lipid peroxida-
tion product malondialdehyde (MDA) and SOD are commonly
used to evaluate oxidative damage and oxidative stress [4].
Inflammation and oxidative stress in the lungs during COPD
are related to systemic inflammation and the disease [5]. The
decrease of antioxidants and overexpression of pro-inflam-
matory molecules observed in the lungs and peripheral blood
is associated with pulmonary function parameters reflecting
airway obstruction and its severity, such as forced expiratory
volume in one second (FEV1)/forced vital capacity (FVC), and
FEV1 [6-8]. As a well-known longevity gene, silent informa-
tion regulator of transcription 1 (SIRT1) regulates stress resis-
tance and inflammation through deacetylation of intracellu-
lar signaling molecules and histones, and it also can regulate
age-related changes through different mechanisms, includ-
ing elevating mitochondrial production by regulating PGC-1a
deacetylation [9,10]. Moreover, highly expressed SIRT1 is ca-
pable of promoting the release of SIRT1 activators, thus dra-
matically reducing CS-induced oxidative stress [11]. Owing to
its essential role in regulating the oxidative stress response,
SIRT1 dysfunction is correlated with aging-related diseases
such as COPD [12]. SIRT1 is a negative regulator of matrix me-
talloproteinase-9 (MMP9) expression, inappropriate elevation
of which was involved in the pathogenesis of COPD [13]. It was
reported that the SIRT1 level was decreased in macrophages
and lungs of patients with COPD [14]. The aim of the pres-
ent study was to investigate the correlations of SIRT1 expres-
sion, inflammatory factors, and oxidative stress with pulmo-
nary function in patients with acute exacerbation of AECOPD.

Material and Methods

Experimental Materials

Human interleukin (IL)-6 and IL-8 enzyme-linked immuno-
sorbent assay (ELISA) kits and MDA and SOD assay kits were
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purchased from Beyotime (Shanghai, China), complementary
deoxyribonucleic acid (cDNA) reverse transcription kits were
bought from Roche (Basel, Switzerland), and SYBR Green quan-
titative polymerase chain reaction (qPCR) reagents were pro-
vided by TaKaRa (Tokyo, Japan).

Research Subjects

This study was approved by the Ethics Committee of Tianjin
First Central Hospital (No. TH14121004). Signed written in-
formed consents were obtained from all participants before
the study. COPD patients and health people enrolled were di-
vided into a Healthy Control group, a Stable COPD group, and
an AECOPD group.

Experimental Methods
Enrollment of COPD Patients

From April 2015 to May 2017, 188 patients with COPD (83 in
stable phase and 105 in acute exacerbation phase) were ad-
mitted to our hospital, and 56 healthy control patients with
normal lung function were included. The sample size was not
calculated at the beginning of study for some limitations.
Eligible cases were included in the study as much as possible.
Inclusion criteria were: COPD in stable phase, diagnosed with
moderate to severe COPD, presence of a stable condition with-
out infection or exacerbation for more than 4 weeks after hos-
pital discharge, COPD in acute exacerbation phase, and meet
the AECOPD diagnostic criteria according to GOLD-guidelines
(2015). Exclusion criteria were: pulmonary bulla, pneumotho-
rax, severe and unstable cardiac disease, orthopedic disease,
mental disorder, or malignant tumor. Subsequently, 5 mL of
blood was collected and centrifuged to obtain serum samples,
followed by labeling and storing.

Evaluation of Pulmonary Function

Pulmonary function testing was performed in all subjects us-
ing a standard spirometer in accordance with the standards
stipulated by the American Thoracic Society.

Determination of Serum IL-6 and IL-8 Levels in COPD
Patients

Serum samples were added to 96-well microtiter plates, and
reacted at room temperature for 30 min. Then, they were
washed 5 times, dried with paper towels, 100 mL of second-
ary antibody was added with in each well, and reacted for 30
min, followed by termination using TMB. Finally, the absor-
bance value of each well was measured.
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Table 1. Clinical features of COPD patients and healthy subjects.

Clinical features

CLINICAL RESEARCH

Heathy control (n=56)

Stable COPD (n=83)

AECOPD (n=105)

Gender (Male/Female) 26/30 48/35 59/46 0.67
Age (years old) 53.34+15.84 58.14+8.76 62.56+9.34 0.55
FEV1%pre 86.48+16.18 66.67+19.33 53.36+£13.25 <0.001
FEV1/FVC (%) 83.64+6.39 61.84+11.48 49.58+12.58 <0.001
Measurement of Oxidative Stress Marker Content in
Bronchoalveolar Lavage Fluid (BALF) 15 | il |
=
The reagents were tested by MDA and SOD assay kits. After ezE:
incubation, alterations of absorbance at the wavelengths of S 10
550 nm and 532 nm represented SOD and MDA activity chang- <
es, respectively. é
S 5
Detection of Messenger RNA (mRNA) Expression and SIRT1 2
Activity in Serum of COPD Patients =
0

About 1 mL of TRIzol reagent (Invitrogen, Carlsbad, CA, USA)
was added into 500 mL of serum samples to extract total RNA.
Next, cDNA was synthesized from total RNA using LightCycler
1.5 and SYBR Green qRCR Mix, followed by real-time PCR (RT-
PCR). The value of the target gene was standardized via the
value of the B-actin protein.

SIRT1-F: 5’-TGTGGTGAAGATCTATGGAGGC-3’;

SIRT1-R: 5’-TGTACTTGCTGCAGACGTGGTA-3’.

B-actin-F: 5-GGGACCTGACTGACTACCTC-3’;

B-actin-R: 5’-TCATACTCCTGCTTGCTGAT-3".

SIRT1 activity was detected via SIRT1/Sir2 deacetylase fluo-
rescence assay. The values are expressed in terms of the rel-
ative fluorescence/pg of protein (AU).

Statistical Analysis
GraphPad Prism 7 (La Jolla, CA, USA) was utilized to analyze experi-
mental data. The t test and Spearman correlation test were applied

to analyze the significance of data and correlation of variables.
P<0.05 indicated that the difference was statistically significant.

Results

Grouping Features

The data and clinical characteristics (including sex, age, and
pulmonary function) of all samples collected in this experiment
were statistically analyzed. There were 56 cases in the Healthy
Control group, 83 cases in the Stable COPD group, and 105 cases
in the AECOPD group, and no differences were observed in sex
and age among the 3 groups (P=0.67, P=0.55). Unexpectedly,

T T T
Healthy control Stable COPD AECOPD

Figure 1. SIRT1 expressions in the Healthy Control group, Stable
COPD group, and AECOPD group. The mRNA expression
of SIRT1 was markedly lower in the AECOPD group
and Stable COPD group in comparison with that in the
Control group, while compared with that in the Stable
COPD group, SIRT1 activity notably declined in serum
of patients in the AECOPD group (P<0.05).

FEV1% and FEV1/FVC were remarkably lower in COPD patients
compared to those in the Heathy Control group (Table 1).

SIRT1 Expressions in Healthy Control Group, Stable COPD
Group, and AECOPD Group

SIRT1 expression in serum of COPD patients was analyzed in
this study, and real-time fluorescence quantitative analysis of
the transcription results of the SIRT1 gene indicated that the
SIRT1 mRNA expression was markedly lower in the AECOPD
group in comparison with that in the Stable COPD group
(P<0.05), while it was also notably lower in the Stable COPD
group than that in Healthy Control group (P<0.05); compared
with that the Healthy Control group, it was evidently lower in
the AECOPD group (P<0.001) (Figure 1).

Changes in Expressions of Pro-inflammatory Factors (IL-6
and IL-8)

The results of ELISA indicated that the serum pro-inflamma-
tory factors IL-6 levels and IL-8 were higher in the AECOPD
group compare to those in the Stable COPD group (P<0.05),
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Figure 2. Expressions of IL-6 and IL-8 in the Heathy Control group, Stable COPD group, and AECOPD group. (A, B) Detection of serum
levels of IL-6 and IL-8 in the 3 groups via ELISA. Serum levels of IL-6 and IL-8 were obviously higher in the AECOPD group in
comparison with those in the Stable COPD group and Healthy Control group (P<0.05).
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Figure 3. Changes in levels of SOD and MDA in BALF of the Heathy Control group, Stable COPD group, and AECOPD group. (A, B) SOD
level was decreased while MDA level was increased in BALF in the AECOPD group compared with that in the Stable COPD

group (P<0.05).

which significantly differed from those in the Healthy Control
group (P<0.01), suggesting that the pulmonary inflammation
of AECOPD may be alleviated through reducing the expressions
of pro-inflammatory factors IL-6 and IL-8 (Figure 2).

Changes in Levels Oxidative Stress Markers Levels in BALF
in Heathy Control Group, Stable COPD Group, and AECOPD
Group

SOD expression level was decreased in BALF supernatant in
the Stable COPD group and AECOPD group compared with that
in the Healthy Control group (P<0.05), while the level of MDA
was visibly increased in COPD groups (P<0.05). These results
show that the level of oxidative stress in lung tissues of COPD
patients is significantly elevated (Figure 3).

Correlations of SIRT1 Expression and Inflammatory Factors
with Pulmonary Function in Patients with AECOPD

Firstly, the relationship between SIRT1 activity and pulmo-
nary function parameters was analyzed, indicating that there
were significant linear positive correlations of SIRT1 expres-
sion with FEV1 and FEV1/FVC in AECOPD patients (P<0.001,
r?=0.75, P<0.001, r’=0.74), and no such obvious correlations
were observed in the Stable COPD group (r?=0.40, r=0.21)
(Figure 4A, 4B). The results revealed that changes in SIRT1 ex-
pression in AECOPD patients exert a guiding role in predicting
disease. The relationship of IL-6 and IL-8 with pulmonary func-
tion parameters was analyzed, exhibiting that levels of IL-6 and
IL-8 had remarkable linear negative associations with FEV1 and
FEV1/FVC in AECOPD patients (IL-6: P<0.001, r*=0.83, P<0.001,
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Figure 4. Correlations of SIRT1 expression, IL-6 and IL-8 with FEV1 and FEV1/FVC in AECOPD patients. (A) Correlation between SIRT1

r?=0.81, IL-8: P<0.001, r’=0.86, P<0.001, r*=0.80), and no such
notable associations were found in the Stable COPD group

expression and FEV1 in the serum of AECOPD patients. A significant linear positive correlation was observed between SIRT1
activity and FEV1 in AECOPD patients (r?=0.75, P<0.001). (B) Correlation between SIRT1 expression and FEV1/FVC in the
serum of AECOPD patients. A marked linear positive correlation was found between SIRT1 activity and FEV1/FVC in AECOPD
patients (r?=0.74, P<0.001). (C) Relation between IL-6 and FEV1 in AECOPD patients. IL-6 had a remarkable linear negative
relation with FEV1 in AECOPD patients (r?=0.83, P<0.001). (D) Relation between IL-6 and FEV1/FVC in AECOPD patients. IL-6
had a notable linear negative relation with FEV1/FVC in AECOPD patients (r?=0.81, P<0.001). (E) Association between IL-8
and FEV1 in AECOPD patients. There was an obvious linear negative association between IL-8 and FEV1 in AECOPD patients
(r*=0.86, P<0.001). (F) Association between IL-8 and FEV1/FVC in AECOPD patients. There was an evident linear negative
association between IL-8 and FEV1/FVC in AECOPD patients (r?=0.80, P<0.001).

(IL-6: r*=0.34, r’=0.22, IL-8: r’=0.14, r*=0.47) (Figure 4C-4F).
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Discussion

Chronic inflammation in COPD is induced by genetic, envi-
ronmental, and epigenetic factors; regardless of clinical man-
ifestations, the progressive decline in pulmonary function is
a common clinical presentation [15]. This study showed that
SIRT1 expression and activity significantly declined. In contrast,
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pro-inflammatory factors and oxidative stress markers were
dramatically overexpressed in COPD patients. Meanwhile, the
above indicators were compared in different periods of COPD,
which suggested that SIRT1 expression and activity were vis-
ibly decreased and pro-inflammatory factors and oxidative
stress markers were also distinctly overexpressed in the acute
exacerbation stage compared with those in the stable stage,
showing that SIRT1 is differently expressed in the different
stages of COPD.

It was reported that inflammation and oxidative stress in
COPD lung tissues can affect the treatment and progression
of the disease [16]. The lung tissues injured by COPD recruit
inflammatory cells in the respiratory tract, and in this pro-
cess, a large amount of reactive oxygen species will be pro-
duced, thus leading to oxidative stress [17]. IL-6 and IL-8 play
essential roles in the pathogenesis of stable and aggravated
COPD [18]. SOD is an anti-inflammatory enzyme and a ma-
jor antioxidant that reduces oxidative stress and tissue dam-
age through removing superoxide, and MDA is a by-product
of the peroxidation of polyunsaturated fatty acids, which is a
reliable marker of COPD oxidative stress [19,20]. It was found
in this study that IL.-6 and IL-8 levels were remarkably higher
in BALF of AECOPD patients than those of Healthy Control and
Stable COPD patients, and the expression levels were nega-
tively related to FEV1 and FEV1/FVC. Persistent inflammatory
reaction destroyed the balance of pro-inflammatory and an-
ti-inflammatory factors in lung tissue of COPD, which is the
main cause of lung injury. Additionally, the SOD level was de-
creased while the MDA level was increased in BALF in AECOPD
patients, demonstrating that the reduction in SOD and the in-
crease in MDA is associated with a more oxidized environment
in AECOPD patients, which may be caused by the reduced ef-
ficiency of anti-aging molecules regulating the cellular redox
state and oxidative stress response. The evaluated oxidative
stress was associated with increased inflammation and air-
way remodeling in COPD.

SIRT1 has multiple biological effects, such as oxidative stress
and cellular metabolism [21], which have powerful anti-oxida-
tive stress and cardiac anti-apoptotic effects [22]. SIRT1 is a
longevity-related protein that is of great significance in main-
taining mitochondrial functions [23]. A previous study revealed
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that the expressions of IL-8 and IL-6 in cells pretreated with
SIRT1 activators were weakened, and knockout of SIRT1 exac-
erbates the pro-inflammatory effect [24]. In addition to inhib-
iting IL-6 and IL-8 expressions, SIRT1 is able to exert an effect
in oxidative stress by inducing the expression of antioxidant
enzymes (such as SOD and catalase) [25,26]. In this study, the
results of qRT-PCR experiments indicated that SIRT1 expres-
sion was markedly decreased in AECOPD patients, and the cor-
relations of SIRT1 expression with pulmonary function param-
eters showed that SIRT1 expression in the serum of AECOPD
patients was positively associated with airway obstruction in-
dicators and its severity. Moreover, the results also revealed
that the expression level of SIRT1 was not only associated with
COPD, but also with AECOPD. Therefore, it may be utilized as
a biomarker to judge the progression of COPD. It is key point
to control the inflammatory response and regulate oxidative
stress imbalance for treatment of COPD. Our study indicated
that the decrease of SIRT1 leads to the intensification of in-
flammatory and oxidative stress. Thus, SIRT1 may be a ther-
apeutic target in COPD.

For AECOPD patients, the acute onset and high fatality rate are
the main problems in treatment. In this study, it was found that
there were correlations of SIRT1 gene and inflammatory fac-
tors with COPD, but the changes in the levels of inflammatory
factors IL-6 and IL-8 are found in various diseases and are not
specific. In most AECOPD patients, SIRT1 expression level was
significantly reduced, which means that the detection of SIRT1
expression in patients can improve the prediction of AECOPD.

Conclusions

In conclusion, this study indicates that SIRT1 expression is a
potential biomarker to reflect the severity of COPD, especial-
ly in patients of AECOPD; it is easily measured by peripher-
al blood sampling and has potential to be utilized as a ther-
apeutic target.
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