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ABSTRACT

Objective: The aims of this study were to investigate the expressions and clinical features of advanced soluble glycation end
products (SRAGE) and matrix metalloproteinases (MMPs)-9 in the serum of patients with chronic obstructive pulmonary disease
(COPD) complicated with diabetes mellitus (DM).

Materials and methods: Seventy-six patients with COPD admited from January 2017 to November 2017 were divided into the
observation group (O, patients with COPD-DM) and the control group (C, patients with COPD while non-DM). The patients were
examined the pulmonary function, CAT score, and chest high-resolution computed tomography (HRCT) due to acute episodes (which
is divided into the emphysema phenotype (Group OE) and airway inflammation phenotype (Group OA). Fasting blood was taken for
routine examination and determination of SRAGE and MMP-9 levels.

Results: The expression level of sSRAGE in Group O was 1414.64 pg/mL higher than that group C (937.98 pg/mL) (P<0.05). The
SRAGE level in Group OA was 1868.63pg/mL higher than Group OF 1291 .11 pg/mL (Z=-2.51, P=0.012). The sRAGE level in Group
OA was was 1688.63pg/mL higher than Group C 117647 pgimL (Z=-3.46, P=0.001); The serum sRAGE and MMP-9 levels were
significantly correlated with the neutrophil percentage in group OA (r=0.73, 047, P=0.017,0.014).

Conclusions: SRAGE and MMP-9 are involved in the pathogenesis of COPD combined with diabetes and have certain clinical
value in evaluating clinical subgroup.
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Introduction

Chronic obstructive pulmonary disease (COPD)
is characterized by repeated airway inflammation
caused by persistent respiratory symptoms and
airflow limitation'”, resulting in destruction of lung
structure and airway remodeling. COPD is also a
heterogeneous disease. Even with similar airflow
limitation, the clinical and imaging manifestations
of COPD patients are varied from each other®. In
addition to the scores of CAT (COPD assessment
test), pulmonary function and the times of acute
exacerbations, various complications are also

important factors to worse the quality of life of COPD
patients, leading to increased hospitalization and
medical costs. One of the pathological characteristics
of COPD is the destruction of the extracellular
matrix of the lung®. Many inflammatory mediators,
such as matrix metalloproteinases (MMPs), was
involved in the destruction of extracellular matrix®,
which played a central role in lung remodeling of
COPD. MMP-9 is an important member of the
matrix metalloproteinases family, which participates
in the pathogenesis of emphysema and is related to
the severity of COPD®. Divo’s study® has shown
that MMP-9 is also involved in the pathogenesis
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of many complications, especially with COPD
specific comorbidity test (COTE), and further
studies have shown that MMP-9 is also involved
in the pathogenesis of diabetes”. The quality of
life, the degree of acute exacerbation, the length of
hospital stay and the overall cost of COPD patients
were related with the complications. At present,
there are many studies on COPD with hypertension,
coronary atherosclerosis, and heart disease; while
there were few studies on COPD with diabetes. Few
studies have shown that COPD and diabetes are risk
factors for each other since hyperglycemia caused
some damage to lung function, which also plays
an important role in the deterioration of COPD and
mortality®. The common pathogenesis of COPD and
diabetes includes oxidative stress and inflammation
and many inflammatory mediators are involved in
that. SRAGE is an isomer of receptor for advanced
glycation end products (RAGE). RAGE binds with
ligands to regulate inflammation signal transduction
and mediate tissue damage". As a protective factor
of inflammation, SRAGE competes with RAGE to
neutralize inflammatory ligand-mediated injury.
Studies have shown that the expression of SRAGE
was low in COPD wihle was very high in diabetes!'?.
Whether the expression of SRAGE in COPD patients
with diabetes needs further clinical research.

This study mainly studied the expression
level of SRAGE and MMP-9 in COPD patients
with diabetes and define the correlation of clinical
features such as CAT score, times of acute
exacerbation, high-resolution computed tomography
(HRCT) phenotype: 2 which would helpful
to find the pathogenesis of COPD patients with
diabetes, including the inflammatory mediators, for
individualized evaluation and treatment.

Materials and methods
Subjects

General information

From January 2017 to November 2017, a total
of 76 patients with acute exacerbation of COPD
were admitted to the Department of Respiratory
Medicine, College of Petroleum Clinical Medicine,
Hebei Medical University, including 49 males and
27 females, with the average age as 68.5+8.5 years.
The patients were divided into two groups according
to the presence or absence of diabetes. Group O
consisted of 28 patients, including 21 males and 7
females, with the average age as 68.93+8.86 years.

Group C consisted of 48 patients, including 28 males
and 20 females, with the average age as 68.29+8.37
years. This study was conducted in accordance with
the declaration of Helsinki. This study was conducted
with approval from the Ethics Committee of Heibei
Medical University.

Enrollment criteria

* Diagnostic criteria of COPD: according to
GOLD 2017, patients’ lung function was divided into
Grade 1~4 according to the severity of airflow limi-
tation. According to the symptoms and acute exacer-
bation, the patients were divided into Group A-D;

* DM: According to diagnostic criteria of DM
by ADA®Y;

* The patients and their families volunteered
to participate in the study and signed the informed
consent.

Exclusion criteria

e Thoracic deformity;

* With history of chest trauma, and/or history of
surgery;

* History of mental illness;

* Acute myocardial infarction;

* Chronic renal insufficiency due to any cause;

* Advanced malignancy;

* Severe mental illness or cognitive impairment;

* Unwilling to participate in this study.

Collection of relevant indicators

Demographic data, laboratory tests, medical
history data, and drug use. The number of patients’
smoking years was also recorded. The HRCT
phenotype, stable period, and CAT score in the latest
acute exacerbation, first-time acute exacerbation,
and number of acute exacerbations in the past 1 year
were recorded.

Chest CT

Chest CT scanning method

All the patients were performed chest CT
inspection (Siemens second-generation spiral CT
Syngo CT, workplace 3D image processing software),
target scanning parameters: scanning layer thickness
1 mm, layer spacing 0.5 mm, Sharp-Y algorithm, and
matrix rebuild 1024x1024.

Image processing
The CT measurement indexes included the
emphysema/bronchial wall thickness and the
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diameter of parallel pulmonary artery in the same
layer.

e Quantitative measurement of emphysema
by visual subjective semi-quantitative method:
the I-mm-in-thickness thin layer CT image was
transferred to the Syngo CT workplace 3D image
processing software, with <-950HU being set as low-
attenuation area (LAA). The measurements were
then made at three anatomical levels (1 cm close to
the upper edge of the aortic arch, 1 cm below the
level of the carina, and 3 cm above the right side).
The LAA score of each level was calculated based on
the ratio of LAA to the lung field at each level"*'¥.

* Reconstruction of the right upper lobe apical
bronchus by multiplanar recombination. After two
experienced radiologists found the cross-section
perpendicular to the long axis of the fifth bronchial
lumen, the image was magnified by 2.5 times to
measure the bronchial wall thickness (T) and the
associated pulmonary artery diameter (PA); the ratio
of T to PA was then calculated (T/PA).

Image classification

According to each patient's emphysema, T, and
PA in the same layer, the above classification criteria
were used to divide COPD patients into two pheno-
types: the airway inflammation type (without em-
physema or with mild emphysema, LAA<I, with or
without bronchial wall thickening, 29 cases) and the
emphysema type (with emphysema, LAA>2, with or
without bronchial wall thickening, 47 cases), among
which the bronchitis type of the observation group
was abbreviated as OA, and the emphysema type was
abbreviated as OE; the bronchitis type of the control
group was abbreviated as CA, and the emphysema
type was abbreviated as CE.

Detection of serum sRAGE and MMP-9

Collection of blood specimens

All the patients were sampled 3 ml of fasting
elbow median venous blood at 8 am in the hospital
within 24 hours of admission, which was then allowed
to stand at room temperature for 1-2 hours. After
the supernatant was precipitated, the sample was
centrifuged at 3000 r/min for 10 min and sampled
two copies of 200 ul of the supernatant placing in an
EP tube and storing at -80°C for testing.

SRAGE and MMP-9 detection methods
The serum sRAGE and MMP-9 levels were
determined by ELISA (RT-6000 enzyme labeling

analyzer, Shenzhen Leidu Life Science Co., Ltd.)
strictly according to the kit instructions (the SRAGE
kit was purchased from Shanghai Research Institute
Biotechnology Co., Ltd., and the MMP-9 kit was
purchased from Beijing Dongge Biotechnology Co.,
Ltd.).

Statistical methods

Data analysis was performed using SPSS 23.0
software (SPSS Company, Chicago, Illinois, USA).
Normality and homogeneity of the variance were
tested before the analysis of measurement data (the
normality was determined by the Shapiro-Wilk and
P-P diagrams). The measurement data conforming
to the normal distribution were represented by (X+s)
D and compared by the t test between groups and
ANOVA among multiple groups.

The measurement data with non-normal
distribution were represented by M (QR) and
compared by the Mann-Whitney U test. Paired t-test
was performed on the paired samples. Univariate
correlation analysis was performed using the Pearson
and Spearman correlation analysis. The chi-square
test was used to compare the count data, with P<0.05
being considered as statistical significance.

Results

General information

This study totally enrolled 76 patients with
COPD, with an average age as 68.5+8.5 years,
including 49 males and 27 females. There were
56 smokers and 20 non-smokers. 28 patients were
complicated with diabetes while 48 patients were
not complicated with diabetes. According to HRCT,
47 patients were determined as the emphysema
phenotype and 29 patients were determined as the
airway inflammation phenotype. The CAT score of
the patients with stable COPD was 12.30+5.24, and
the CAT score of the patients with acute exacerbation
was 20.63+4.63 (Table 1).

Variable Value Ratio
Number 76
Age (years) 68.5+£8.5
Gender: M/F 49/27 64%/36%
Smoking (yes/no) 56/20 T4%/26%
Combined with diabetes (yes/no) 28/48 37%/63%
Emphysema phenotype(OE/CE) 17/30 22%/40%
Airway inflammation phenotype(OA/CA) 11/18 14%/24%
Stable CAT score 12.30+5.24
CAT score in acute exacerbation stage 20.63+4.63

Table 1: COPD patients characteristics.
Date are presented as mean+SD and n (%).
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Analysis of Age, gender, and smoking

The median age of group O (68.93+8.86)
showed no statistical significance than that of group
C (68.29+8.37) (P>0.05), as well as the gender and
the proportion of smokers (P>0.05). There was no
statistical significance in the number of cigarettes
per year between-group O (30 packs per year, 20-40)
and group C (30 packs per year, 20-42.5) (P>0.05).

Analysis of routine inflammation media in
the peripheral blood

The proportion of neutrophils in group O was
76.78+10.72% and significantly higher than group C
(n=-2.01, P=0.048). The platelet count in group O
was (193.96+56.44)x10°/L and significantly lower
than group C (230.35+84.53)x10°/L (P=0.03). the
C-reactive protein in group O was 5.6(3.63-20.00)
mg/L and significantly lower than group C 25 (7.6-
52.71) mg/L (Z=-3.59, P<0.001), the Fasting plasma
glucose (FPG) of the group O was higher than group
C (7.32+2.21 mmol/L vs. 5.36x1.11 mmol/L, t=10.81,
P<0.05, Table 2).

Comparison of life quality score and number
of acute exacerbation

In group O, the stable CAT score was
(13.11+24.07 points), the CAT score in acute
exacerbation was (20.82+4.48 points), and the
number of acute exacerbations in the past 1 year
was (1(1-2), which showed no statistical significance
to group C (11.83£5.35 points), (20.52+4.97 points),
and (1(0-2) times) (P>0.05). The CAT score in group
O was negatively correlated with FEV1% pred (r=-
0.67, P<0.001). The CAT score in group C had no
correlation with FEV1% pred (P>0.05).

Comparison of HRCT phenotype and lung
Jfunction

The comparison of the ratio of airway
inflammation phenotype and emphysema phenotype
between the two groups showed no statistical
significance (X?=0.03, P=0.877).

Group OBS had 17 OE cases and 11 OA cases,
and Group CON had 30 CE cases and 18 CA cases.
There was no statistical significance in FEV1%

Group O Group C T, X%or Z P
Number 28 48
Age 68.93+8.86 68.29+8.37 t=0.31 0.76
Gender: M/F 21/7 28/20 X=2.15 0.14
Smoking (yes/no) 23/5 33/15 X’=1.64 0.2
Cigarettes per year 30(20-40) 30(20-42.5) 7=-0.65 0.516
Percentage of neutrophils 76.78+10.72* 71.08+12.61 t=-2.01 0.048
Percentage oflymphocytes 15.91+8.86 19.10£10.55 t=1.35 0.18
Platelet 193.96+56 44" 230.35+84.53 t=2.25 0.03
C-reactive protein 5.6(3.63-20.00) 25(7.6-52.71) 7=-3.59 <0.001
FPG (mmol/L) 7.32+221° 5.36x1.11 t=10.81 0.043
Stable CAT score 13.11+4.07 11.83+5.35 t=-1.02 031
CAT score in acute exacerbation stage 20.82+4 .48 20.52+4.97 t=-0.27 0.79
Number of acute exacerbation in the past year 1(1-2) 1(0-2) Z=-1.60 0.11
First-time acute exacerbation(months) 8.5(3-12) 12(5-16.75) 7=-1.35 0.176
HRCT phenotype (emphysema phenotype/airway inflammation phenotype) 17/11 30/18 X2=0.03 0.877
LAA score 9.00+4.09 9.61+4.23 t=0.01 0.98
FVC% 52.78+16.65 52.63+16.58 t=-0.04 0.97
FEV1% 36.28+15.44 40.21x1645 t=1.03 031
sRAGE 1415.64(1279.91-1692.2)" 937.98(806.06-1269.16) 7=-3.14 0.002
MMP-9 132.42(122.21-144.43) 129.29(121.70-137.90) 7=-0.71 048
Administration of ACEI or Statins (yes/no) 14/14 16/32 X?=2.06 0.15
Non-invasive ventilation (yes/no) 4/24 11/37 X?=0.83 0.36
Glucocorticoids generally or aerosol inhalation glucocorticoids (yes/no) 271 417 t=11.95 0.001

Table 2: Comparison of SRAGE and MMP-9 levels and clinical data in two COPD groups.

“Compared with the control group, P<0.05.
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pred (36.28+15.44)% between-group O and group C
(40.21£16.45)% (P=0.31).

Serum levels of sSRAGE and MMP-9

The serum level of SRAGE in group O was
1415.64(1279.91-1692.2) pg/mL and significantly
higher than group C 937.98(806.06-1269.16) pg/mL
(P=0.001). There was no statistical significance in
the serum level of MMP-9 between-group O (132.42,
122.21-144.43 ng/mL) and group C (129.29, 121.7-
1379 ng/mL, P=0.427, Table 2).

Comparison of other clinical indicators

There was no statistical significance in the
proportion of using ACEI and Statin between the two
groups (P=0.15). There was no statistical significance
in the proportion of non-invasive ventilation between
the two groups (P=0.36). 68 patients in 76 cases
(89.47%) used glucocorticoids generally or aerosol
inhalation glucocorticoids. In group O, there were 41
patients (53.95%) use glucocorticoids generally and
7 patients (9.21%) did not use; in group C, there were
27 patients (35.52%) used glucocorticoids generally
and 1 patient (1.32%) did not use glucocorticoid.

Correlation between serum sRAGE/MMP-9
and clinical features

Serum sRAGE was positively correlated with
the percentage of neutrophils (r=0.47, P=0.014)
while negatively correlated with the percentage of
Iymphocytes (r=-0.54, P=0.004) in group O. Serum
MMP-9 showed no correlation with the percentage
of neutrophils nor the percentage of lymphocytes
(P>0.05) in group O. There was no correlation
between serum sRAGE and MMP-9 (r=0.11, P=0.59)
in group O. There was no correlation between serum
SRAGE/MMP-9 and the percentage of neutrophils
nor lymphocytes in group C (P>0.05).

There was no correlation between serum
SRAGE/MMP-9 and stable CAT score, number of
acute exacerbation in the past 1 year, or FEV1% pred
in group O or group C (P>0.05, Table 3).

Expression and correlation of serum sRAGE
and MMP-9 in HRCT phenotypes

The expression level of sSRAGE in group OA
(1688.63(1342.42-2099.14) pg/mL) was higher than
group CA (1176.47(850.26-1322.31) pg/mL), and
the difference was statistically significant (Z=-3.46,
P=0.001); the expression level of sSRAGE in group
OE (1290.11(800.77-1614.65) pg/mL) was higher than
group C E (896.8(743.62-1268.23) pg/mL), but the

difference was not statistically significant (Z=-1.41,
P=0.16). Comparison of MMP-9 between-group OA
and group OE. The comparison of MMP-9 levels in
group OA, OE (135.18(113.92-142.72), 131.361(26.68-
152.09) ng/mL), and group CA, CE (125.72(119.42-
131.98), 133.28(123.25-142.49) ng/mL) showed no
statistical significance (Z=-0.59, -0.29, P=0.56,
0.77). The expression level of SRAGE in group OA
(1688.63(1342.42-2099.14) pg/mL) was higher than
group OE (1290.11(800.77-1614.65) pg/mL), and
the difference was statistically significant (Z=-2.51,
P=0.012). The sRAGE expression level in group CA
(1176.47(850.26-1322.31) pg/mL) was higher than
group CE (896.8(743.62-1268.23) pg/mL), but the
difference was not statistically significant (Z=-1.10,
P=0.27). The expression level of MMP-9 in group OA
(135.18(113.92-142.72) ng/mL) was not statistically
different from that in group OE (131.36(126.68-
152.09) ng/mL), (Z=-0.73, P=0.47). The expression
level of MMP-9 in group CA (133.28(123.25-142.49)
ng/mL) was lower than group CE (125.72(119.42-
131.98) ng/mL), and the difference was statistically
significant (Z=-2.11, P=0.035). The expression level
of serum sRAGE was significantly correlated with
the serum MMP-9 expression level in group OA
(r=0.73, P=0.017, Figure 1), but there was no such
correlation in group C (r=0.02, P=0.96). There was
no correlation between the expression levels of
sRAGE and MMP-9 in group OE nor group CE (r=-
0.22,-0.29, P>0.05). The expression level of SRAGE
was correlated with the LAA negatively in group O
(r=-0.399, P=0.029) while no such correlation was
found in group C (r=0.123, P=0.399, Figure 2).

Group O Group C
Clinical data
r P r P

MMP-9 0.11 0.59 -0.286 0.06
Percentage of neutrophils 047 0.014° 0.008 0.957
Percentage of lymphocytes -0.54 0.004° -0.042 0.787
sRAGE Stable CAT score 0.20 033 0.139 0.369
e o e 019 | 032 | o014 | 0331
Number of acute exacerbation 0.16 0433 0071 0.649

in the past year
FEV1% pred -0.20 0.308 0.199 0.196
Percentage of neutrophils -0.10 0.637 0.251 0.086
Percentage of lymphocytes 0.083 0.676 -0.207 0.158
MMP-9 Stable CAT score -0.103 0.603 -0.044 0.767
Number of acute exacerbation 0.066 0.739 0.134 0363

in the past year
FEV1% pred 0.129 0.511 -0.019 0.897

Table 3: Correlation between sRAGE, MMP-9 and
clinical data in the two COPD groups.
"The association between sRAGE and other data, P< 0.05.
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Figure 1: The correlation between sSRAGE and MMP-9
of the airway inflammatory phenotype in the observation

group.
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Figure 2: The level of sSRAGE was correlated with the
LAA negatively in group observation group.

Discussion

The main results of the study: Vanfleteren
et al."> showed that 97.7% of COPD patients
had one or more complications, which could lead
to more severe acute onset of COPD, resulting
in  higher hospitalization, mortalityandcosts.
Studies have shown that diabetes is one of the
common complications of COPD, which increases
hospitalization time and mortality in patients with
acute COPD attacks. In this study, 37% of COPD
patients complicated with diabetes. Since there are
relatively few studies on the clinical heterogeneity
of these patients, this study mainly explores the
expression levels of SRAGE and MMP-9 in COPD
patients with diabetes to find the correlation
between clinical subtypes and clinical evaluation

of COPD patients with diabetes. We have found
that the expression of sSRAGE in COPD patients
with diabetes is higher than without; the SRAGE
expression is related to the type of lung structural
damage, the expression level of SRAGE in COPD
with diabetes was higher than that in emphysema
and the expression of airway inflammation
phenotype sSRAGE in COPD patients with diabetes
was higher than that in without. Meanwhile, the
sRAGE expression level was correlated with LAA
in diabetes with COPD. We’ve also found the serum
SRAGE and MMP-9 in airway inflammation type
were related to the percentage of neutrophils; Serum
levels of SRAGE and MMP-9 were not correlated
with CAT scores and times of acute exacerbation.

Correlation between COPD and DM

Multiple studies have shown that COPD
and DM are mutually risk factors and chronic
systemic inflammation may be one of the common
pathogenesis between COPD and DM"9. Chronic
inflammation induces the activation of the NF-kB
pathway and the release of inflammatory mediators
in the cells, thus leading to an increase in chronic
blood glucose. Animal studies have shown that
hyperglycemia on the respiratory system increases
oxidative stress. Oxidative stress of hyperglycemia
includes: increased glucose self-oxidation, increased
activity of polyol pathway, increased activity of
protease C, and decreased antioxidant clearance,
as wellas non-enzymatic glycosylation of proteins,
for example, collagen may finally form advanced
glycation end products (AGEs) with prolonged
saccharification time. Increased oxidative activity
increases AGEs, induces the synthesis and cross-
linking of collagens, and disrupts lung tissue
structure and gas exchange obstacle!”. In addition,
pulmonary vascular microvascular diseases caused
by diabetes, autonomic neuropathy of the lungs,
and glycosylation may lead to decreased elastic
retraction of the lung parenchyma which ultimately
leads to decreased lung function.

In this study, FEV1% pred in patients of group
O was lower than that in group C, but there was no
statistical difference (P>0.05). The reason may be
related to the fact that the decline of lung function is
more related to various inflammation mediators, and
the inflammatory mediators leading to DMpartially
involves in the decline of lung function, so dynamic
observation of pulmonary function in patients
with COPD-DM is of far-reaching significance for
clinical research.
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Assessment value of CAT score toward
patients with COPD-DM

The assessment of the severity of COPD is
currently based on symptoms and acute exacerbation.
The CAT score is a novel multidimensional metric
scale that was developed by Jones in 2009 to assess
the clinical symptoms of COPD patients"®- 1. This
scale is closely related to the health status of COPD
patients, and in 2017, GOLD used the CAT score for
the grouping of disease severity. A number of studies
have found that the CAT score is significantly higher
in the acute exacerbation stage of COPD than in
the stable stage. The difference in the CAT score
between the stable and acute exacerbation stages
has been large, with an average improvement of 7
units. The higher the CAT score, the more significant
association with the first-time acute exacerbation
and worsening risks®?.

There has been no report on the life quality
assessment of patients with COPD-DM using the
CAT score. Certain literatureshave shown that
patients with type 2 diabetes have more frequent
dyspnea and chronic cough than the general
population of the same age®). Hyperglycemia can
damage the innate and adaptive immunity and inhibit
the host's response to infection. Diabetes increases
the potential of bacterial infections in the lungs in
patients with COPD. Continuous hyperglycemia
leads to poor COPD treatment, long hospital stay,
and even death due to uncontrollable infection. In
this study, the stable CAT score (13.11+4.07) in
group O was significantly lower than that in the acute
exacerbation stage (20.82+4.48), and the difference
was about 7 units, indicating that DM is involved
in the clinical course of COPD patients ot various
degrees, and the mechanism is more complicated.

The CAT score can reflect the degree of systemic
inflammatories to a certain extent. Some scholars
have shown that there is a significant positive
correlation between the CAT score and steroid and/
or antibiotic treatment frequency. Hassan®® once
evaluated the baseline CAT scores of 105 patients
with stable COPD, who were divided into 4 groups
according to their individual CAT scores. The
results showed that there was a correlation between
the mean FEV1% and the mean CAT score in the
four groups (P<0.001). In this study, the stable CAT
score was positively correlated with the number of
acute exacerbation in the past 1 year and negatively
correlated with FEV 1% pred. in the patients of group
O, but in the patients of group C, the stable CAT score
was positively correlated with the number of acute

exacerbation in the past year while not associated
with decreased lung function, indicating that the
CAT score can predict the risk of future acute attacks.
Poor glycemic control in diabetic patients increases
the risk of infection in patients with COPD, but
acute exacerbations of COPD patients are induced
by a variety of factors. The decline in lung function
in patients with COPD-DM is closely related to the
CAT score, so community doctors or patients can
predict acute exacerbation and pulmonary function
by the CAT score.

Expression of serum sRAGE in patients with
COPD-DM

One of the common pathogenesis of COPD
and DM is oxidative stress plus inflammatory
response. AGEs bind with their receptors (RAGE)
to mediate inflammatory damage and play a role
in the mechanism of diabetes. SRAGE is an isomer
of RAGE, which acts as a "bait" to block the
binding of AGEs and RAGE to protect the body
from inflammatory damage. Several studies have
shown that SRAGE can be used as a SRAGE in vivo
protective factor, SRAGE can attenuate neutrophilic
asthma by blocking the HMGB 1/RAGE signaling in
airway dendritic cells®.

Multiple studies have shown that SRAGE is at a
low level in the circulation of patients with COPD®.
Smith et al® showed that the serum sRAGE in the
patients with stable COPD was lower than that in
healthy controls, and was even lower in the acute
exacerbation stage. Furthermore, SRAGE was
significantly associated with FEV1%. The lower the
plasma sSRAGE concentration, the higher the airflow
obstruction. Sukkar found that the SRAGE level
in patients with neutrophilic asthma or COPD was
significantly lower than those without neutrophilia.
Nakamura found that the sRAGE level in the
circulation was elevated in diabetes. Basta found
that serum sRAGE levels were higher in patients
with type 1 and type 2 diabetes than that in healthy
subjects, suggesting that endothelial cell damage
may lead to increased RAGE cleavage, as well as
elevated sSRAGE level.

In this study, the serum sSRAGE level in the
patients with COPD-DM was significantly higher
than those with COPD-non-DM (P<0.05). the serum
SRAGE expression and neutrophil percentage in
the patients of group O were significantly higher
than group C, and serum sRAGE was positively
correlated with neutrophil percentage in the patients
of group O, indicating that the circulating SRAGE
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is involved in the pathogenesis of COPD-DM,
consistent with other reports. The results of this
study suggest that inflammatory mediators, such as
neutrophils, cause increased expression of RAGE
in patients with COPD-DM, which thus leads to
increased expression of SRAGE.

Previous studies have shown that many drugs
may affect the SRAGE level,and in order to determine
whether Statins can affect the SRAGE expression
level, patients with untreated hypercholesterolemia
and healthy controls applied Statin therapy for =3
months, followed by testing the plasma sRAGE
level. It was found that the SRAGE level in patients
with untreated hypercholesterolemia was lower than
those in the other two groups. Forbes found that
the plasma sRAGE level in the patients with type
1 diabetes who received treatment of angiotensin-
converting enzyme inhibitor (ACEI) perindopril
were significantly higher than those receiving
placebo or nifedipine (calcium antagonist). Tang
also reported that the dose of corticosteroids
was positively correlated with the plasma level
of logarithmic conversion of sSRAGE®®. Studies
have shown that oral glucanose treatment with
rosiglitazone can increase the circulating SRAGE
level. There was no significant difference in the use
of Statin or ACEI between the two groups in this
study (P>0.05). The use of the above drugs showed
no effect on the difference in the expression level of
sRAGE between the two groups.

Expression of MMP-9 in patients with COPD-
DM

MMPs are proteolytic enzymes that degrade
matrix components, and MMP-9 is a zinc- and
calcium-dependent proteolyticenzyme. By degrading
the extracellular matrix and cell membrane, the
alveolar cavity is enlarged and the elastic retraction
force of the alveoli is weakened, resulting in gas
retention. Furthermore, by activating inflammatory
factors, destroying the epithelial or endothelial
structure, participating in the inflammatory response
of the airway and lung reconstruction, it may lead to
the occurrence of emphysema in COPD®".

Several studies have shown that MMP-9 is
associated with the severity of COPD. Omachi
also found that the plasma MMP-9 was negatively
correlated with FVC and FEVI%, and positively
correlated with peripheral blood leukocyte count.
Studies have found that the polymorphism of
MMP-9 (C-1562T) in patients with COPD is
associated with emphysema in the upper lung. Other

studies have found that MMP-9 is also associated
with moderate lobular central emphysema and
paraventricular emphysema. Some  scholars
have indicated that MMP-9 is involved in the
pathogenesis of diabetes and diabetic complications
such as diabetic retinopathy. MMP-9 has the ability
to degrade insulin and is capable of activating 1L-8,
a major chemokine of neutrophils and monocytes,
and MMP-9 disrupts the retinal basement membrane
barrier by inflammatory cell migration.

The results of this study showed no statistical
significance in the MMP-9 expression level between
the two groups, suggesting that MMP-9 plays a role
in the pathogenesis of COPD and is also involved
in the inflammatory response of DM. however,
whether MMP-9 is only partially involved in the
pathogenesis of a certain link or a subtype of COPD-
DM still needs further research.

Expressions and correlation of serum sRAGE
and MMP-9 in HRCT phenotype

Studying HRCT phenotype is one of the
hotspots of current COPD phenotype research.
High-resolution lung CT can provide a macroscopic
understanding of the degree of chronic airway
inflammation and emphysema. Studies have shown
that®® COPD is divided into two CT phenotypes,
the emphysema dominant type (=35% emphysema,
<1.75 mm bronchial wall thickness) and the airway
dominant type (<35% emphysema, =1.75 mm
bronchial wall thickness). Studies have shown
differences in the inflammatory mediators and airflow
limitations between different CT phenotypes. Milan
also reported that COPD and diabetes can increase
the risk of non-emphysema phenotype. Miniati has
found that low levels of circulating SRAGE can be
used as an independent predictor of emphysema
in patients with COPD, and the lower the level of
sRAGE, the higher the degree of emphysema®.

After adjustment considering  smoking
history and comorbidities, the relationship is still
statistically significant. Iwamoto and Sukkar®* 0
also found that low levels of plasma sRAGE are
associated with the severity of emphysema, and the
plasma sRAGE level is independently associated
with carbon monoxide diffusion. In the ECLIPSE
study, the circulating SRAGE level is associated with
the progression of emphysema after adjustment for
potential confounders®®,

Although hyperglycemia in diabetic patients
leads to endothelial cell damage, it also causes an
increase in the RAGE cleavage, which leads to an
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increase in the sRAGE level. The results of this
study showed that the expression level of SRAGE in
group OA was significantly higher than that in group
CA (P<0.01), which fully indicated the involvement
of DM in airway inflammation. The study also found
that the expression of SRAGE in group OE was
lower than that in group OA (P=0.012), indicating
that even combined with diabetes, SRAGE is still
involved in the pathogenesis of airflow limitation
of emphysema-type COPD, consistent with other
studies. Both in the observation group and in the
control group, the ratio of SRAGE in the emphysema
phenotype was lower than that in the bronchitistype,
and the mechanism was unclear. Miniati has found
that the lower the sRAGE level, the higher the
degree of emphysema. Basa also believes that the
endothelial cell damage causes increased RAGE
cleavage in diabetic patients, thus resulting in
elevated levels of SRAGE, which requires further
studies targeting the extent of emphysema and the
expression level of SRAGE.

Previous studies have found that the source
of SRAGE can also be proteolytically cleaved by
full-length RAGE via metalloproteinases ADAM10
and MMP9, leading to the release of SRAGE®Y.
Moreover, MMP-9 is an important factor in airway
remodeling in patients with COPD, and through
activating inflammatory factors, it can disrupt
epithelial or endothelial structures and participate in
the airway and lung remodeling. In this study, the
serum MMP-9 level in group OA was significantly
correlated with the serum sRAGE expression level
(r=0.73, P=0.017), suggesting that sRAGE and
MMP-9 are involved in the pathogenesis of COPD-
DM. In conclusion, the pathogenesis of COPD with
diabetes is more complex. SRAGE and MMP-9 are
involved in the pathogenesis of some inflammation,
which was important for the evaluation of clinical
subgroups. The limitation of this study includes
more inflammatory mediators, such as IL-8, in the
pathogenesis of COPD with diabetes mellitus and
related studies, should be involved.

In conclusion, the pathogenesis of COPD
combined with DM is more complicated. sSRAGE
and MMP-9 are involved in the pathogenesis of
partial inflammation, and have certain clinical value
for clinical subgroup evaluation.

References

1) Global initiative for chronic obstructive lung disease.
Global strategy for the diagnosis, management, and
prevention of chronic obstructive pulmonary disease
2017 report [EB/OL]. 2016-11-16 [2016-12-09]. http://
www.goldcopd.org.

2) Wedzicha JA. The heterogeneity of chronic obstructive
pulmonary disease. Thorax 2000; 55: 631-632.

3) Peak P, Brzecka A, Kosaka M, Passowicz-Muszyfiska
E, Dyfta T, Jankowska R. Concentrations of
matrix metalloproteinase-9 and tissue inhibitor of
metalloproteinases-1 in serum of patients with chronic
obstructive pulmonary disease. Pol Merkur Lekarski
2011; 31: 270-273.

4) Miletti-Gonzdlez KE, Murphy K, Kumaran MN,
Ravindranath AK, Wernyj RP, Kaur S, Miles GD,
Lim E, Chan R, Chekmareva M, Heller DS, Foran D,
Chen W, Reiss M, Bandera EV, Scotto K, Rodriguez-
Rodriguez L. Identification of function for CD44
intracytoplasmic domain (CD44-ICD): Modulation of
matrix metalloproteinase 9 (MMP-9) transcription via
novelpromoter response element. J Biol Chem 2012;
287: 18995-19007.

5) ESA SA, Rawy AM, EL-Behissy MM, Kamel MH,
El-Hwaitty HM. Study of the level of sputum matrix
metalloproteinase-9 (MMP-9) and tissue inhibitor
metalloproteinase-1 (TIMP-1) in COPD patients. Egypt
J Chest Dis Tuberc 2014; 63: 861-867.

6) Divo M, Cote C, de Torres JP, Casanova C, Marin
JM, Pinto-Plata V, Zulueta J, Cabrera C, Zagaceta J,
Hunninghake G, Celli B; BODE Collaborative Group.
Comorbidities and risk of mortality in patients with
chronic obstructive pulmonary disease. Am J Respir Crit
Care Med 2012; 186: 155-161.

7) Zaigham S, Nilsson PM, Wollmer P, Engstrom G. The
temporal relationship between poor lung function and
the risk of diabetes. BMC Pulm Med 2016; 16: 75.

8) De Santi F, Zoppini G, Locatelli F, Finocchio E, Cappa
V, Dauriz M, Verlato G. Type 2 diabetes is associated
with an increased prevalence of respiratory symptoms
as compared to the general population. BMC Pulm Med
2017; 17: 101.

9) Hoonhorst SJ, Lo Tam Loi AT, Hartman JE, Telenga
ED, van den Berge M, Koenderman L, Lammers JW,
Boezen HM, Postma DS, Ten Hacken NH. Advanced
glycationend products in the skin are enhanced in
COPD. Metabolism 2014; 63: 1149-1156.

10) Boschetto P, Campo I, Stendardo M, Casimirri E, Tinelli
C, Guerrini M, Ceconi C, Fucili A, Potena A, Papi A,
Ballerin L, Fabbri LM, Luisetti M. Plasma sRAGE and
N-(carboxymethyl) lysine in patients with CHF and/or
COPD. Eur J Clin Invest 2013; 43: 562-569.

11) Kitaguchi Y, Fujimoto K, Kubo K, Honda T.
Characteristics of COPD phenotypes classified
according to the findings of HRCT. Respir Med 2006;
100: 1742-1752.

12) Friedman PJ. Imaging studies in emphysema. Proc Am
Thorac Soc 2008; 5: 494-500.

13) American Diabetes Association. Diagnosis and
classification of diabetes mellitus. Diabetes Care 2014;
37 Suppl 1: S81-90.

14) Copley SJ, Wells AU, Miiller NL, Rubens MB, Hollings



3030

Dong-Fang Zhao, Ye Zhang et Al

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

NP, Cleverley JR, Milne DG, Hansell DM. Thin-section
CT inobstructive pulmonary disease: discriminatory
value. Radiology 2002; 223: 812-819.

Vanfleteren LE, Spruit MA, Groenen M, Gaffron S,
van Empel VP, Bruijnzeel PL, Rutten EP, Op't Roodt
J, Wouters EF, Franssen FM. Clusters of comorbidities
based on validated objective measurements and systemic
inflammation in patients with chronic obstructive
pulmonary disease. Am J Respir Crit Care Med 2013;
187: 728-735.

Thomsen M, Dahl M, Lange P, Vestbo J, Nordestgaard
BG. Inflammatory biomarkers and comorbidities in
chronic obstructive pulmonary disease. Am J Respir Crit
Care Med 2012; 186: 982-988.

Lin CS, Liu CC, Yeh CC, Chang YC, Chung CL, Lane
HL, Shih CC, Chen TL, Liao CC. Diabetes risks and
outcomes in chronic obstructive pulmonary disease
patients: Two nationwide population-based retrospective
cohort studies. PLoS One 2017; 12: e0181815.
Casanova C, Marin JM, Martinez-Gonzalez C, de
Lucas-Ramos P, Mir-Viladrich I, Cosio B, Peces-
Barba G, Solanes-Garcia I, Agiiero R, Feu-Collado
N, Calle-Rubio M, Alfageme I, de Diego-Damia A,
Irigaray R, Marin M, Balcells E, Llunell A, Galdiz JB,
Golpe R, Lacarcel C, Cabrera C, Marin A, Soriano JB,
Lopez-Campos JL, Soler-Cataluiia JJ, de-Torres JP;
COPD History Assessment in Spain (CHAIN) Cohort.
Differential Effect of Modified Medical Research
Council Dyspnea, COPD Assessment Test, and Clinical
COPD Questionnaire for Symptoms Evaluation Within
the New GOLD Staging and Mortality in COPD. Chest
2015; 148: 159-168.

Lopez-Campos JL, Fernandez-Villar A, Calero-Acufia
C, Represas-Represas C, Lopez-Ramirez C, Ferndndez
VL, Soler-Cataluiia JJ, Casamor R; On-Sint study
group. Evaluation of the COPD Assessment Test and
GOLD patient types: a cross-sectional analysis. Int J
Chron Obstruct Pulmon Dis 2015; 10: 975-984.
Kavalci C, Yilmaz MS, Kayipmaz AE, Isik B, Celikel
E, Kavalci G, Yilmaz F, Ozlem M, Sonmez BM, Celebi
S. Correlation of CAT Score With Peak Expiratory Flow
in Acute Exacerbation of COPD Patients. J Natl Med
Assoc 2016; 108: 164-168.

Tiengo A, Fadini GP, Avogaro A. The metabolic
syndrome, diabetes and lung dysfunction. Diabet Met
2008; 34: 447-454.

Ghobadi H, Ahari SS, Kameli A, Lari SM. The
Relationship between COPD Assessment Test (CAT)
Scores and Severity of Airflow Obstruction in Stable
COPD Patients. Tanaffos 2012; 11: 22-26.

Zhang F, Su X, Huang G, Xin XF, Cao EH, Shi Y, Song
Y. sRAGE alleviates neutrophilic asthma by blocking
HMGB1/RAGE signalling in airway dendritic cells. Sci
Rep 2017; 7: 14268.

Sukkar MB, Postma DS. Receptor for advanced
glycation end products and soluble receptor for
advanced glycation end products: a balancing act in
chronic obstructive pulmonary disease. Am J Respir Crit
Care Med 2013; 188: 893-894.

Smith DJ, Yerkovich ST, Towers MA, Carroll ML,
Thomas R, Upham JW. Reduced soluble receptor for
advanced glycation end-products in COPD. Eur Respir J
2011; 37: 516-522.

26)

27)

28)

29)

30)

31)

Tang KT, Hsieh TY, Chao YH, Lin MX, Chen YH,
Chen DY, Lin CC. Plasma levels of high-mobility group
box 1 and soluble receptor for advanced glycation
end products in primary antiphospholipid antibody
syndrome patients. PLoS One 2017; 12: e0178404.
Papakonstantinou E, Karakiulakis G, Batzios S, Savic
S, Roth M, Tamm M, Stolz D. Acute exacerbations
of COPD are associated with significant activation of
matrix metalloproteinase 9 irrespectively of airway
obstruction, emphysema and infection. Respir Res
2015; 16: 78.

Coxson HO, Dirksen A, Edwards LD, Yates JC, Agusti
A, Bakke P, Calverley PM, Celli B, Crim C, Duvoix
A, Fauerbach PN, Lomas DA, Macnee W, Mayer RJ,
Miller BE, Miiller NL, Rennard SI, Silverman EK,
Tal-Singer R, Wouters EF, Vestbo J; Evaluation of
COPD Longitudinally to Identify Predictive Surrogate
Endpoints (ECLIPSE) Investigators. The presence and
progression of emphysema in COPD as determined by
CT scanning and biomarker expression: a prospective
analysis from the ECLIPSE study. Lancet Respir Med
2013; 1: 129-136.

Yonchuk JG, Silverman EK, Bowler RP, Agusti A,
Lomas DA, Miller BE, Tal-Singer R, Mayer RJ.
Circulating Soluble Receptor for Advanced Glycation
End Products (SRAGE) as a Biomarker of Emphysema
and the RAGE Axis in the lung. Am J Respir Crit Care
Med 2015; 192: 785-792.

Iwamoto H, Gao J, Koskela J, Kinnula V, Kobayashi H,
Laitinen T, Mazur W. Differences in plasma and sputum
biomarkers between COPD and COPD-asthma overlap.
Eur Respir J 2014; 43: 421-429.

Linder R, Ronmark E, Pourazar J, Behndig A, Blomberg
A, Lindberg A. Serum metallopteinase-9 is related to
COPD severity and symptoms-cross-sectional data from
a population-based cohort study. Respir Res 2015; 16: 28.

Corresponding Author:
ZHENG L1u
Department of Respiration, The Petroleum Clinical Medical

College

of Hebei Medical University, Hebei 065000, China

Email: doczhengliu@163.com

(China)



