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Abstract  Background: High mobility group box 1 (HMGB1) and Matrix metalloproteinase 9 (MMP9) participate in 
inflammation and tissue remolding in various diseases. This study aimed to investigate if HMGB1 and MMP9 levels were 
elevated in COPD patients and if they are related to airway obstruction. Methods: Demographic and clinical characteristics, 
spirometry examination, and blood samples were obtained from 36 COPD patients and 39 healthy volunteers. Serum 
concentrations of High mobility group box 1 protein (HMGB1) and Matrix metalloproteinase-9 (MMP-9) were detected with 
ELISA Assay. Results: We found that serum HMGB1 and MMP9 levels were significantly increased in COPD patients 
compared with healthy volunteers (62.6±48.3 versus 35.4±24.9 pg/mL, p-value 0.003 and 201.8±32.8 versus 164.6±59.2 
ng/ml, p-value 0.001 respectively). Also, there was asignificant positive correlation between HMGB-1 with MMR dyspnea 
scale and BODE index, COPD stage and negative correlation with PaO2, spirometric indices: FEV1, FVC, FEF25-75, and 
6MWD. However, MMP-9 was correlated positively with MMRD score and BODE index and negatively correlated with 
oxygen saturation, PaO2, spirometric indices and 6MWD. There was positive correlation between HMGB-1 and MMP-9. 
Conclusion: Our findings first illustrate that serum HMGB1 and MMP9 levels are elevated in serum of patients with COPD, 
and second both markers are related to the lung function indices in these patients, suggesting that both markers may play 
critical roles in the pathogenesis of COPD. 
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1. Introduction 
Chronic obstructive pulmonary disease (COPD) is one of 

the leading global causes of morbidity and mortality [1, 2]. 
Long term inhalation of noxious gasses including cigarette 
smoke results in airflow obstruction and emphysema in the 
lungs. Persistent systemic inflammation and oxidative stress 
are common features of this disease [3]. A lot of studies were 
performed targeting this inflammatory process, its 
description and involved mediators [4, 5], including 
circulating white blood cells (WBC), C-reactive protein 
(CRP), interleukins 6 (IL-6) and 8 (IL-8), fibrinogen, tumor 
necrosis factor alpha (TNFα), transforming growth factor-β 
and homocysteine. [6-10] 
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High mobility group box 1 protein (HMGB1) is a nuclear 
DNA-binding protein [11] important for gene expression and 
proper transcriptional regulation [1]. In addition, HMGB1 
works as an extracellular signaling molecule during 
inflammation, cell differentiation, cell migration, and tumor 
metastasis [12]. It exerts its actions through multiple 
cell-surface receptors including the receptor for advanced 
glycation end products (RAGE) and toll-like receptors 
(TLRs)(TLR2, TLR4 or TLR9) [11]. High levels of HMGB1 
are found in inflammatory conditions such as sepsis, cystic 
fibrosis, rheumatoid arthritis and burn injury [13, 14] and in 
cancer development and progression [15]. High HMGB1 
concentrations were found in the pulmonary epithelial lining 
fluid of patients with sepsis [16]. Recently, it was reported 
that levels of HMGB1 in the bronchoalveolar lavage (BAL) 
fluid were also elevated in patients with COPD [17]. In a 
systematic review by Gangemi et al., [18] they reported that 
in almost all the studies, HMGB1 levels were augmented in 
smokers and in patients affected by COPD. 
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As chronic obstructive pulmonary disease (COPD) is 
characterized by the progressive destruction of the 
extracellular matrix of the lung; Proteins belonging to the 
Matrix metalloproteinases (MMP) family are involved in the 
breakdown of extracellular matrix (ECM) in normal 
physiological processes such as tissue remodeling, but 
degradation of the ECM by MMP is also involved in the 
pathogenesis of a number of diseases [19]. Matrix 
metalloproteinase-9 (MMP9) has been implicated in 
numerous somatic illnesses, including cardiovascular 
disorders and cancer [20, 21]. 

Matrix metalloproteinases (MMPs) and their inhibitors 
play a central role in the lung remodeling in COPD [22]. 
MMP-9 belongs to the gelatinase subfamily of MMPs and 
cleaves gelatin and type 4 collagen; the main components of 
the basement membrane. This cleavage helps inflammatory 
cells reach the site of inflammation [23]. MMP-9 is also 
important in cytokine and protease modulation; it degrades 
the serine protease inhibitor alpha (1)-antitrypsin, which thus 
may lead to lung destruction [24]. In COPD, increased 
expression of MMP-9 by inflammatory cells e.g. neutrophils 
and macrophages are correlated with a variety of processes 
that cause lung damage [24]. There are numbers of human 
studies which have searched for relationships between 
COPD and MMP-9. Plasma levels of MMP-9 appear to be 
increased in COPD [25, 26] and were shown to correlate 
negatively with FEV1, carbon monoxide transfer factor and 
oxygen saturation, and were also able to predict both a 
decline in pulmonary function and numbers of exacerbations 
[25] MMP-9 was found to be increased in induced sputum of 
smokers with and without airflow obstruction [26, 27] even 
after smoking cessation compared to baseline [28]. 

The aim of the study was to evaluate the MMP-9 and 
HMGB1 serum concentration in COPD patientsand its 
relation to the degree of airway obstruction.  

2. Subjects and Methods 
A total of 36 patients with a diagnosis of COPD were 

included in the study. They were all investigated and treated 
at Al-Zahraa University Hospital between January 2016 
andSeptember 2016. In addition to39 age-matched healthy 
volunteers, none of them had ever suffered frompulmonary 
diseases, neoplasm, or other chronic conditions. All patients 
and control were males to avoid bias as some studies 
reported gender differences in serum HMGB1 [29]. 

Exclusion criteria included bronchiectasis, pneumonia, 
pulmonary embolism, asthma, acute exacerbation of COPD 
and other organ infections, hemorrhagic shock, rheumatoid 
arthritis, acute pancreatitis, heart failure and myocardial 
infarction. 

Clinical examination both general and local was done to 
all subjects. 

A diagnosis of COPD was made by the pulmonologist 
based on history, clinical examination, and spirometry 

post-bronchodilator forced expiratory volume in 1st 
second/forced vital capacity (FEV1/FVC) ratio of <0.7 [30]. 
Stable COPD is defined as the absence of an exacerbation in 
the previous 4 weeks [31]. Symptoms of exacerbations 
included two or more of:a new or worsening cough, 
worsened dyspnoea, and increased sputum volume and/or 
change in its color [1]. 

The following data were collected: age, gender, body 
weight, height, smoking status, comorbidity. Body mass 
index (BMI) was calculated using the formula weight 
(Kg)/square of height (m2). Dyspnea was assessed using the 
Modified Medical Research Council (MMRC) scale [32], 
whereas exercise was assessed by the 6-min walk distance 
[33]. 

Medical Research Council (MMRC) Scale: the grade of 
breathlessness in COPD patients on the 5-point MMRC 
dyspnoea scale (for which higher scores represent more 
breathlessness) were recorded [32]. 

6-minute walk test (6MWT): was carried out according 
to the American Thoracic Society guidelines ATS guidelines 
2002 [33] and the distance (6MWD) was recorded.  

The BODEIndex (Body mass index, airflow Obstruction, 
Dyspnea, and Exercisecapacity) score was calculated for 
COPD patients according to Celli [34]. 
Ethical aspects  

The study protocol was according to the recommendations 
of the local ethics committee, and informed consent was 
obtained from each subject before the study. 
Pulmonary Function Tests: 

Spirometry was performed using the MEDISOFT-HY-
PERAIR compact + flow meter pulmonary function testing 
system (Medisoft, Sorinnes, Belgium) by the pulmonologist. 
Spirometry was done according to European respiratory 
Society/American Thoracic Society guidelines for tests of 
pulmonary function [35]. All subjects were given verbal 
encouragement. Spirometric indices were calculated using 
the best of 3 technically satisfactory performances. 
Post-bronchodilator values of the forced expiratory volume 
in 1st second (FEV1), forced vital capacity (FVC), and the 
ratio FEV1/FVC were recorded. All values were expressed 
as percentages of the predicted normal values for age, sex, 
and height. Classification of severity was done according to 
Global Initiative for Chronic Obstructive Lung Disease 
guidelines. (stage I, mild COPD: FEV1 ≥ 80.0% predicted; 
stage II, moderate COPD: 50.0% ≤ FEV1 < 80.0% predicted; 
stage III, severe COPD: 30.0% ≤ FEV1 <50.0%; stage IV, 
very severe COPD: FEV1 < 30.0% or FEV1 < 50.0% 
predicted with respiratory failure) [30]. 
Laboratory investigations: 

Complete blood count, liver function tests, kidney 
function tests were performed to all subjectsto exclude 
comorbidity (Cobas c 311 auto-analyzer system). Arterial 
blood gas analysis was done using a Rapid Lab 248 blood 
gasses analyzer (Siemens Medical Solutions, Malvern, US). 
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Measurement of HMGB1 and MMP9 serum levels:  
Venous blood samples were collected from the median 

cubital vein in a serum separator tube and allow thesample to 
clot for two hours at room temperature, serum was separated 
by centrifugation at 1,000 xg for 15 minutes and stored in 
aliquot at -20°C until analysis. Serum levels of high mobility 
group protein 1 (HMGB1) and Matrix metalloproteinase-9 
(MMP-9) were detected using a commercial enzyme-linked 
immunosorbent assay (ELISA) kit (Cusabio, China, 
CSB-E08223h for HMGB1 and (Affymetrix, eBioscience; 
BMS2016/2) for MMP9 according to the manufacturer 
instructions at the department of clinical pathology of 
Alzahraa University Hospital. The detection range of these 
kits is 78-5000 pg/mL for HMGB1 and 0.23 - 15.0 ng/mL for 
MMP9. Each sample was run in duplicate and compared 
with a standard curve. The mean concentration was 
determined for each sample. 
Statistical analysis: 

Statistical analysis was done using the Statistical Package 
for Social Science (SPSS) program version 15.0 (SPSS Inc.; 
Chicago, USA). Comparisons were done by the Chi-square 
(X2) test and correlations between different serum 
biomarkers and lung functions were tested using Pearson’s 
partial correlation test. The results were expressed as means 
±SD. p-value <0.05 was considered significant (C.I 95%).  

3. Results 
Clinical characteristics of subjects 

The results of this study revealed no significant statistical 
difference in age, smoking pack/year between both COPD 
and control groups, however, BMI was significantly lower in 
COPD group. Table (1) describes the baseline characteristics 
of the study groups. 

Spirometric parameters (FEV1, FVC, and FEV1/FVC), 
arterial blood gasses (PaO2 & PaCO2), BODE index and its 
parameters (6MWD, MMRD) of the COPD group were 
significantly lower than the control group (p<0.001) and 
(table 2). 

Table (1).  Demographic data of the studied group 

Character 
COPD 
n=36 

Control 
n=39 

t. p. 

Age (years) 54.3±5.4 52.9±6.5 1.02 0.311 

Smoking (Pack/Year) 53.6±30.1 52.6±30.2 0.146 0.884 

Disease duration 17.3±8.0 -   

BMI (kg/m2) 26.0±4.5 28.11±3.8 -2.12 0.037* 

*Significant p<0.05 

Serum Levels of HMGB1 and MMP9: 
First, we compared HMGB1 and MMP9 serum levels 

between COPD patients and healthy subjects. As listed in 
Table 3, both levels in COPD patients were significantly 
increased in comparison with healthy subjects (62.6±48.3 

versus 35.4±24.9 pg/mL, p-value 0.003 and 201.8±32.8 
versus 164.6±59. 2 ng/ml p-value 0.001 respectively). 

Table (2).  Spirometry, arterial blood gasses and BODE index parameters 
of the studied group 

Character 
COPD 
n=36 

Control 
n=39 

T p. 

FVC% 48.6±17.1 93.6±8.9 -14.4 <0.001** 

FEV1% 33.6±13.8 94.6±9.4 -22.6 <0.001** 
FEV1/FVC 56.03±10.3 85.8±6.4 -15.2 <0.001** 
FEF25-75% 21.6±8.8 74.8±5.9 -31.1 <0.001** 

Oxygen Saturation 
(%) 92.8±3.1 96.9±1.0 -7.9 <0.001** 

PaO2 (mmHg) 67.5± 10.2 95.1±2.7 -16.3 <0.001** 
PaCO2 (mmHg) 42.9±8.5 36.8±4.8 3.9 <0.001** 

Ph 7.39±0.03 7.41±0.03 -2.6 0.012* 
HCO3 (mEq/L) 24.9±3.6 23.6±2.3 1.9 0.057 

6MWD (m) 217.3±75.1 482.9±75.1 -15.3 <0.001** 
MMRC dyspnea 

scale 2.06±0.8 0.0 15.5 <0.001** 

BODE Index 5.4±2.4 0.0 14.1 <0.001** 
* Significant p<0.05 
* *Significant p<0.001 

Table (3).  Serum levels of HMGB1 and MMP9 in all groups 

Character COPD n=36 Control n=39 t. p. 

HMGB1 62.6±48.3 35.4±24.9 3.1 0.003* 

MMP-9 201.8±32.8 164.6±59.2 3.3 0.001* 
* Significant p<0.05 

Both HMGB1 and MMP-9 were significantly higher in 
COPD than in control group.  

Analysis of these markers levels in each stage of COPD 
was done as shown in tables (4, 5). 

Table (4).  HMGB-1 in different stages of COPD severity 

Item/group HMGB-1 (Mean ±SD) f. Sig. 
Control 35.4±24.9 

13.1 <0.001** 
Moderate COPD 36.5±4.8 

Severe COPD 49.7±5.9 
Very severe COPD 48.5±40.1 

* *Significant p<0.001 

Serum HMGB-1 levels are increased significantly as the 
COPD stage worsens. 

Table (5).  Presentation of the results of the Tukey test for the data from 
Table 4 

 Control Moderate 
COPD 

Severe 
COPD 

Very severe 
COPD 

Control 0 0.999 0.840 < 0.001** 
Moderate 

COPD  0 0.889 < 0.001** 

Severe 
COPD   0 0.071 

Very severe 
COPD    0 

**Significant p<0.001 
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The difference in HMGB-1 value was significant in 
comparing control and moderate COPD groups with very 
severe COPD group. 

Table (6).  MMP-9 in different stages of COPD severity 

Item/group MMP-9 (Mean ±SD) f. Sig 
Control 164±59.2 

7.5 <0.001** 
Moderate COPD 177.8±29.3 

Severe COPD 199.3±16.3 
Very severe COPD 229.7±10.9 

**Significant p<0.001 

MMP-9 increased significantly as the COPD stage 
worsens 

Table (7).  Presentation of the results of the Tukey test for the data from 
Table 6 

 Control Moderate 
COPD 

Severe 
COPD 

Very severe 
COPD 

Control 0 0.759 0.481 < 0.001** 

Moderate 
COPD  0 0.834 0.011* 

Severe 
COPD   0 0.641 

Very severe 
COPD    0 

*Significant p<0.05 
** Significant p<0.001 

The difference in MMP-9 values was significant only in 
moderate versus very severe COPD and in control when 
compared to very severe COPD. 

Table (8).  Correlation between HMGB-1, MMP-9 and studied parameters 
in COPD group 

Value HMGB-1 MMP-9 
Age -0.156 0.045 

Smoking Pack/year 0.181 -0.087 
Disease duration 0.053 -0.029 

BMI -0.075 -0.206 
HMGB-1 1 0.558** 

FEV1/FVC -0.120 -0.352* 
FEV1% -0.489** -0.873** 
FVC% -0.405* -0.649* 

FEF25-75% -0.321 -0.652** 
SpO% -0.265 -0.567** 
PaO2 -0.477** -0.790** 

PaCO2 0.249 0.256 
6MWD -0.537** -0.801** 

MMRC dyspnea scale 0.544** 0.866** 
BODE Index 0.533** 0.860** 

* Correlation is significant at the 0.05 level (2-tailed). 
** Correlation is significant at the 0.01 level (2-tailed). 

There was asignificant positive correlation between 
HMGB-1 with MMR dyspnea scale and BODE index, 
COPD stage and negative correlation with PaO2, spirometric 
indices FEV1, FVC, FEF25-75, and 6MWD. MMP-9 was 
correlated positively with MMRD score and BODE index 
and negatively correlated with oxygen saturation, PaO2, 
spirometric indices and 6MWD. There was positive 
correlation between HMBG-1 and MMP-9. However; both 
HMBG-1 and MMP-9 are not correlated with age, smoking 
pack/year or BMI. 

 
There was significant negative correlation between serum HMGB-1 and FEV1% (r=-0.489) 

Figure (1).  Correlation between serum HMGB-1 and FEV1% 
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There was significant negative correlation between serum MMP-9 and FEV1% (r=-0.873) 

Figure (2).  Correlation between serum MMP-9-1 and FEV1% 

4. Discussion 
The airflow limitation in COPD is usually progressive and 

associated with an abnormal inflammatory response of the 
lung to noxious particles or gasses. Chronic local and 
systemic inflammation arereasons for remodeling of lung 
tissue and extrapulmonary systemic change [30]. The aim of 
this study was to measure the serum levels of HMGB1 and 
MMP-9 in COPD and to study its relation with severity of 
airway obstruction.  

In this study, we studied 36 patients with moderate to very 
severe COPD and 39 age and sex matched healthy controls. 
All patients and controls were males and all were smokers, 
smoking pack/years were higher in COPD than in control but 
the difference was non-significant (table 1). As expected, 
spirometric indices, arterial blood gasses and BODE index 
parameters were significantly different in both groups (table 
2).  

Previous studies searched for diagnostic tools to measure 
the extent of lung inflammation non-invasively [6-10, 36, 
37]. However few studies examined HMBG-1 as a potential 
inflammatory marker in COPD. There are data showing that 
HMGB1 can be an inducer of inflammation [38-39]. The 
previous studies have shown increased sputum MMP-9 
concentrations; alveolar macrophages were found to trigger 
larger amounts of MMP-9 with greater enzymatic activity in 
COPD patients [40] but few studies examined serum MMP-9 
in COPD. 

In the current study, we found significantly elevated 
serum HMGB1 in COPD group in comparison to control 
(table 3). The same results reported by different studies; 

Shang et al reported higher serum HMGB1 levels in COPD 
patients in comparison with control [41]. However, Zhang et 
al. observed the decline of serum HMGB1 levels from the 
acute phase to the convalescence phase of acute exacerbation 
of COPD [42]. Furthermore, HMGB1 levels were higher in 
smoker COPD patients compared with nonsmokers with 
COPD and exsmokers with COPD, respectively. Also 
Pouwels et al. studied serum and induced sputum levels of 
HMGB1 both during an exacerbation and during the stable 
phase of COPD [29]. They found no significant differences 
in sputum levels. however, serum levels of HMGB1 during 
COPD exacerbations were augmented. Cheng et al. study 
reported that the levels of HMGB1 in induced sputum of 
COPD patients were significantly higher than those of 
asthmatics and healthy controls [43]. 

On the other hand Iwamoto and his group conducted a 
study, of the duration of 4 years, They found no difference 
between plasma HMGB1 levels among the nonsmokers, 
smokers without COPD, and smokers with COPD [44]. In 
addition, there was no correlation between plasma HMGB1 
levels and spirometric measurements. Ferhani et al. found 
that BAL levels of HMGB1 were comparable in 
never-smoker healthy subjects and in smokers without 
COPD but these levels were augmented in smokers with 
COPD. Bronchial biopsies revealed HMGB1-positive cells 
in high concentration in bronchial mucosa of smokers with 
COPD, more often than in healthy smokers [45]. 

Di Stefano et al. reported that BAL concentration of 
HMGB1 was significantly diminished in patients with stable 
COPD compared with control healthy subjects (smokers and 
nonsmokers). However, after matching patients for age and 
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smoking history this difference was lost [46]. 
In the same context; Hou et al studied HMGB1 values 

both in sputum and in plasma [17]. They reported that 
compared with controls, HMGB1 levels in induced sputum 
were higher in asthmatic patients and in COPD patients. 
Plasma HMGB1 levels were similar to the ones obtained in 
sputum in COPD patients. Moreover, patients with COPD 
showed higher concentrations of sputum HMGB1 than 
patients with all severities of asthma. 

Moreover; Bezerra et al. noticed higher levels HMGB-1 
in alveolar macrophages from chronic cigarette smoke 
exposed animals [47]. 

Other studies involved lung tissue included Ko et al. study 
who enrolled twenty-eight patients with pulmonary 
neoplasia and found HMGB1 expression was augmented in 
submucosa cells, in epithelium cell, and in alveolar cells in 
smoker subjects with COPD but not smokers without COPD 
or in healthy subjects [1]. 

In this study on statistical analysis of the levels of HMGB1 
in different stages of COPD severity, we found that the 
serum levels of HMGB-1 are increased significantly as the 
COPD stage worsens, the highest levels of HMGB1 detected 
in very severe COPD, the difference was significant only in 
comparing both control and moderate COPD with the group 
with versus very severe COPD (table 4, 5). Zhang et al. 
found HMGB1 levels were related to COPD severity [42]. 

Cheng et al. study reported that the levels of HMGB1 in 
induced sputum in COPD stage II and stage III were 
significantly higher than those with stage I [43]. 

In the current study; the levels of plasma HMGB1 
negatively correlated with the post-bronchodilator FEV1%, 
FEF25-75 and FVC. There was no significant correlation 
between age and serum HMGB1 levels (table 8, fig 1). As all 
study subjects were smokers, so the results indicate that the 
elevated level of inflammatory markers may be attributed to 
COPD perse, however, pack/years smoking were 
significantly higher in COPD than in control so smoking 
may play anadjuvant role. Previous studies support our work 
Ko et al. observed a negative correlation with lung function 
parameters in smoker subjects with and without COPD [1]. 
Also, Ferhani et al. reported that the levels of HMGB1 in 
BAL were correlated negatively with post-bronchodilator 
FEV1 [45]. Kanazawa et al. demonstrated that the HMGB1 
levels in the epithelial lining fluid from peripheral airway 
were significantly higher in COPD patients than those in 
non-smokers and smokers without COPD [48]. Cheng et al. 
identified that the sputum concentrations of HMGB1 in the 
COPD patients were significantly negatively correlated with 
FEV1% pre in all subjects [43]. Hou et al. also reported that 
HMGB1 levels in plasma and in induced sputum in all 
subjects showed a negative correlation with lung function 
parameters [17]. Kanazawa et al. reported no correlation 
between HMGB1 level in central airways and indexes of 
pulmonary function [48]. On the contrary, HMGB1 level in 
peripheral airways was related to the functional tests. 

On the other hand, Iwamoto and his group didn’t find 
acorrelation between plasma HMGB1 levels and spirometric 

measurements [44]. 
Previous studies and the current one indicate that HMGB1 

levels correlate with the degree of airflow obstruction in 
smokers with COPD. 

In this study we found that serum levels of MMP-9 were 
significantly higher in COPD patients when compared to 
control group (table 3) and the levels were higher in severe 
and very severe stages (table 6, 7). This increase could result 
in ECM destruction in the airways and contributing to airway 
remodelling and the decline in lung function seen in COPD 
patients. Vignola et al. suggested that sputum levels of 
MMP-9 reflect the extent of structural changes of the 
airways [49]. 

The same results were obtained by Brajer et al. and Xin et 
al.who found that COPD patients had increased serum 
MMP-9 concentration compared with the control group  
[50, 51]. Beeh et al. [52] found that sputum concentration of 
MMP-9 was higher in COPD patients than in control 
subjects. Culpitt et al. observed that sputum from COPD 
patients contained increased levels of MMP-9 compared 
with non-smokers, non-symptomatic cigarette smokers, and 
asthmatics [26]. 

Mercer et al., investigated changes in sputum levels of 
MMP-9 and its inhibitor; the tissue inhibitors of 
metalloproteinase TIMP-1 during exacerbations in COPD 
and compared these to samples taken from the same 
individuals prior to exacerbation. They indicated that 
exacerbations are associated with an increase in MMP-9 
burden in the airways. [53] 

Another Egyptian study demonstrated that MMP-9 was 
significantly increased in both COPD patients), and healthy 
smokers compared with healthy non smokers [54]. 

In this study, MMP-9 levels are negatively correlated with 
FEV1%, FVC% but not correlated with neither FEF25-75% 
nor FEV1/FVC and negatively correlated with PaO2 but not 
with SpO2% or PaCO2. The levels are positively correlated 
with BODE Index, MMRC dyspnea scale and negatively 
with 6MWD but not with BMI (table 8). Similar results were 
obtained by Linder et al., who studied the association 
between serum MMP-9 and impaired lung function, assessed 
as FEV1, in COPD and showed that MMP-9 is related to 
disease severity which could indicate that MMP-9 is 
involved in the disease process in COPD. [55] 

Some studies reported the same results; Brajer et al., 
found that MMP-9 levels were negatively correlated with 
FEV1 and FEV1/FVC [50]. Another research has shown 
apositive correlation between MMP-9/TIMP-1 ratio and 
airway obstruction assessed by FEV1 measurement [49]. 
Beeh et al. found that MMP-9 concentration correlated 
negatively with the severity of airway obstruction (FEV1%, 
FVC) [52]. Kang et al. revealed that lung parenchymal 
MMP-9 concentration correlated with the amount of 
cigarette smoked and inversely correlated with FEV1 [56]. 
Mao et al. observed that plasma MMP-9 levels were higher 
in patients with emphysema compared with age-matched, 
non-smoking control subjects [57]. Ólafsdottir et al. reported 
lower FEV1 values were associated with higher serum levels 
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of MMP-9 [58]. However, Xin et al. reported that MMP9 
levels did not correlate with FEV1 % values and FEV1/FVC 
[51]. Abd El-Fatah et al., suggested that MMP-9 serves as a 
biomarker for the grade and severity of COPD by assessing 
the mRNA levels of MMP-9 in peripheral blood samples, 
[59]. 

This study, as well as previous reports, showed that 
MMP-9 concentrations are associated with airflow 
obstruction, suggesting that MMP-9 may play a role in the 
pathogenesis of COPD. 

In conclusion, the results of this study suggest that both 
HMGB1 and MMP-9 plays an important role in systemic 
inflammation in COPD. And higher serum concentrations 
are connected with higher airway obstruction and disease 
progression. 
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