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Introduction

Chronic obstructive pulmonary disease (COPD) is an 
inflammatory airway disease with irreversible progression 
due to the exposure to harmful matter, especially the 
cigarette smoke (CS) (1). This airway inflammation as the 

response to the CS exposure can lead to injury of lung 
parenchymal destruction and the subsequent formation of 
emphysema (1,2). Strong evidence suggests that proteases 
critically contribute to the pathological processes detected 
in COPD (3,4). The disturbance of the balance of matrix 
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metalloproteinases (MMPs) and counter-acting tissue 
inhibitors of metalloproteinases (TIMPs) is one of the key 
mechanisms for the development of COPD and emphysema. 
MMPs, including gelatinases, elastases, and collagenases, 
and cleave extracellular matrix proteins (ECM). TIMPs, 
binding to and inactivate active MMPs, are endogenous 
antagonists of the metalloproteinase network, while MMPs 
are involved in the degeneration of the lung parenchyma 
and the emphysema formation (3). The search for key 
factors responsible for maintaining the dynamic balancing 
and shifting between MMPs and TIMPs is critical for the 
identification of potential targets in COPD treatment.

Peroxisome proliferator-activated receptors (PPARs), 
as one ligand-activated nuclear hormone receptor, engage 
in cell function (5). PPARγ is located and expressed in 
the antigen-presenting cell and takes part in numerous 
anti-inflammation functions and repair of tissue (6-8). 
It is demonstrated that PPARγ deletion from alveolar 
macrophages led to the inflammatory changes of airway 
in vivo (9), whereas the susceptibility to emphysema 
induced by CS was increased in vivo specifically deleting 
PPARγ expression in the airway epithelial cells (9,10). In 
our previous study, it is found that the exposure to CS 
could decrease PPARγ level in macrophages and bronchial 
epithelial cells of rats. Besides, the oral administration of 
the PPARγ agonist rosiglitazone attenuated CS-induced 
metalloproteinase activity (11,12). These results indicate 
that PPARγ as one of the formation of emphysema the 
imbalance of MMPs and TIMPs.

In our study, we explored the association between PPARγ 
expression and MMP-9/TIMP-1 imbalance in the induced 
sputum of stable COPD patients with smoking history, thus to 
discuss the role of PPARγ in emphysema progression in COPD.

Methods

Patients

Between June 2012 and July 2013, based on the criteria 
and classification of the Global Initiative for Chronic 
Obstructive Lung Disease (GOLD) guidelines (13),  
66 patients with stable COPD at the First Affiliated 
Hospital of China Medical University were recruited 
consecutively and followed up at the pulmonary medicine 
outpatient clinics. The control group included 12 healthy 
non-smoking outpatients without any known diseases who 
were seen at the clinics for rou tine health examinations.

The inclusion criteria were as follows: (I) stable COPD; 

(II) patients who have received the treatment of standard 
inhaled corticosteroids, bronchodilators, and if required, 
supplemental oxygen; and (III) patients with a smoking 
history of more than 10 pack-years. 

The exclusion criteria were as follows: (I) except for 
the treatment of COPD, patients had medication taking 
history for other diseases; (II) patients with exacerbation or 
utilization of systemic corticosteroids (oral or intravenous 
injection therapy) within the past 6 months; (III) patients 
requiring antibiotics for signs of a bacterial infection; 
(IV) COPD patients admitted with complications or 
comorbidities such as pulmonary embolism, pneumonia, 
heart failure, asthma, lung carcinoma, tuberculosis or 
bronchiectasis; and (V) patients with respiratory failure 
requiring mechanical ventilation or oxygen supplementation 
>15 h per day.

This study was approved by the ethics review board of 
The First Affiliated Hospital, China Medical University 
(No. 201105). Each eligible patient was enrolled after 
written informed consent was obtained. 

Patient questionnaires

Dyspnea severity was determined by the modified Medical 
Research Council (mMRC) dyspnea scale, with a 5 point 
scale to assess the severity (14). Status of health was assessed 
by the questionnaire of COPD Assessment Test (CAT) as 
well as St George’s Respiratory Questionnaire (SGRQ). 
The SGRQ focuses on three major health-related quality 
of life (HRQoL) domains (15), namely symptoms, activity, 
and impacts. Scores from these three domains are combined 
into a total score, ranging from 0 to 100. The scores on the 
CAT (16) is a 50-point scale, with a score of 0 as the lowest 
level and no impairment. The CAT, SGRQ, and mMRC 
were self-administered under staff supervision.

Pulmonary function tests

Pulmonary function test and plethysmography was 
performed in all participants following inhalation of 
salbutamol sulfate according to guidelines from the 
American Thoracic Society/European Respiratory Society 
(ATS/ERS) Task Force (17). COPD was diagnosed 
according to GOLD guidelines with the forced expiratory 
volume in one second (FEV1)/forced vital capacity (FVC) 
ra tio <70% after post-bronchodilator usage, and the 
COPD severity was categorized by the current GOLD 
criteria (13). 
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Body-mass index, airflow obstruction, dyspnea and exercise 
index (BODE index)

BODE index is composed by four parts and calculated by 
summing of the scores of its components together (18): 
post-bronchodilator FEV1% predicted (FEV1%/Pred), 
body-mass index, walking distance of the 6-minute walking 
test (6MWT), and dyspnea scale of mMRC. 

Chest computed tomography (CT) and measurement of 
emphysema 

At enrollment,  a high resolution chest computed 
tomography (HRCT) was done for every patient. Chest 
HRCT images were acquired by a CT scanner (Toshiba 
Medical Corporation, Tokyo, Japan) according to the 
following instructions: 1 mm collimation with the range 
from sternal notch to the diaphragm as the lowest end at 
a 0.5 mm interval in a supine position during one breath-
holding after deep inspiration, at 135 kV and 170 mA 
with no contrast medium. The window width of the lung 
image was 1,000 HU and the window level was −700 HU. 
Emphysema severity was quantified as the percentage 
of low attenuation area (LAA%) in the lung below the 
fixed threshold , −950 HU, which was calculated by Lung 
CAD1.2 software (Neusoft, Shengyang, China). The COPD 
patients were further classified into the emphysema group 
and non-emphysema group based on LAA% (−950 HU)  
≥15% and <15%, respectively (19).

Processing, cell counts and differentiating of the induced 
sputum

Induced sputum was processed according to the methods 
previously reported (20). All subjects were guided to do 
the mouth wash with water thoroughly. Three percent 
saline was inhaled by the subjects from an ultrasonic 
nebulizer. Then the patients were told to cough deeply 
at 3 min intervals. Sputum plugs were picked from the 
phlegm. Induced sputum supernatants was refrigerated 
after homogenization and operated within 60 min of 
accumulation. For the protein quantification assays, the 
supernatants were stored at −80 ℃. Differential cell counts 
(≥400 non-squamous cells) were processed on the cytospin 
slides. Total cell counts were performed manually by a 
hemocytometer. Sputum sample adequacy was evaluated 
according to results previously published (21,22). Cell 
viability was confirmed by trypan blue staining method. 

Differential cell count of inflammatory cells in the induced 
sputum

The pelleted cells of the induced sputum in PBS were 
resuspended first. Certain number of the cells (1×105 cells) was 
centrifugated and tossed to cytospin slides, fixed by methanol, 
and stained by May-Grünwald-Giemsa solution. Then the 
differential cell count was performed under the light microscope.

MMP-9, TIMP-1, and PPARγ concentrations of the 
induced sputum measured by ELISA

MMP-9, TIMP-1, and PPARγ concentrations were quantified 
in the supernatants of the sputum using commercial sandwich 
ELISA kits following the manufacturer’s instructions (Human 
PPARγ ELISA Kit, NeoScientific, NEO Group Inc., USA; 
Human MMP-9 ELISA Kit and TIMP-1 ELISA System, 
GE Healthcare, UK Limited).

Statistical analyses

Continuous data are shown as the mean ± standard deviation 
(SD). Comparisons of different groups were performed by 
Mann-Whitney U-test. Correlation coefficient between 
each variable was analyzed by the Spearman’s rank 
correlation analyses. Statistical analyses were processed by 
SPSS 17.0 software (SPSS, Inc., Chicago, IL, USA). The 
statistical significance was confirmed when a P value <0.05.

Results

Demographics of the patients

The distribution of population number, age, and gender 
of the subjects enrolled is listed in Table 1 along with other 
characteristics. The healthy control and COPD groups 
were matched according to the age. Among the COPD 
patients, 4 subjects in GOLD stage I, 22 subjects in GOLD 
stage II, 32 in GOLD stage III, and 7 in GOLD stage IV. 
The BMI, FEV1, FEV1/Pred and FEV1/FVC values in the 
COPD patients were decreased when compared with those 
in the healthy control (Table 1). 

Comparison of the expression of MMP-9, TIMP-1 and 
PPARγ in the induced sputum between healthy controls 
and COPD patients

The level of MMP-9 in the induced sputum was higher in 
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Table 1 Comparison of general characteristics, spirometric parameters, and PPAR-γ, TIMP1 and MMP9 levels in induced sputum between the 
two groups

Variables COPD group Healthy non-smokers group P

No. of subjects 66 12 –

Age (years) 65.84±7.26 63.25±5.61 0.248

Gender (M/F) 45/21 8/4 0.97

BMI 22.17±3.35 24.52±2.72 0.026

Smoking load (pack-years) 39.6±2.1 – –

FVC (% predicted) 71.4±5.3 82.7±7.6 <0.001

FEV1 (L) 1.16±0.46 2.45±0.51 <0.001

FEV1 (% predicted) 44.91±14.13 100.7512.53 <0.001

FEV1/FVC (%) 43.80±10.87 82.77±6.04 <0.001

PPAR-γ (ng/L) 120.93±24.12 150.34±20.22 <0.001

TIMP1 (U/L) 91.08±16.12 111.84±19.63 <0.001

MMP9 (μg/L) 18.29±7.87 10.02±1.95 0.001

MMP9/TIMP1 0.21±0.12 0.09±0.02 0.001

Table 2 Expression of MMP9, TIMP1 and PPAR-γ of COPD patients with different pulmonary functional impairment

Analyte Group I Group II Group III Group IV F P 

PPAR-γ (ng/L) 132.64±20.42 128.62±23.62 119.11±21.93 103.68±27.87 3.28 0.045

TIMP1 (U/L) 107.85±17.25 99.51±16.63 86.84±14.53 82.15±8.40 6.22 0.004

MMP9 (μg/L) 16.83±3.34 17.16±4.55 17.49±8.67 25.55±9.87 3.69 0.031

MMP9/TIMP1 0.13±0.05 0.18±0.07 0.21±0.13 0.31±0.13 3.78 0.29

COPD individuals than in healthy controls (Table 1), while the 
concentration of PPARγ and TIMP-1 was less in the COPD 
patients than those in the healthy population. In contrast, the 
concentration of MMP-9 and the ratio of MMP9/TIMP1 
were higher in COPD patients when compared to controls.

Patients with different levels of pulmonary function 
impairment also exhibited variations in the expression of 
PPARγ, MMP-9, and TIMP-1in the induced sputum (Table 2). 
Among the COPD patients, those with worse lung function 
presented with increased MMP-9 expression, decreased 
TIMP-1 and PPARγ expression in the induced sputum.

Comparison of the concentrations of MMP-9, TIMP-1 and 
PPARγ in the induced sputum of COPD patients with or 
without emphysema

A comparison of the clinical characteristics of these two 

groups revealed increased residual volume (RV), decreased 
exercise capacity (CAT and SGRQ scales), and worse 
mMRC dyspnea and BODE index scores. The PPARγ 
and TIMP-1 levels in the induced sputum were reduced 
in the emphysema group compared with those in the 
non-emphysema group of COPD patients, whereas the 
concentration of MMP-9 and the MMP9/TIMP1 ratio 
were higher in the emphysema group compared with those 
in the non-emphysema group (Table 3).

Factors correlating with the level of PPARγ in the induced 
sputum 

The factor-correlation analysis with concentration of 
PPARγ in the induced sputum was correlated with the 
FEV1%positively and the expression of TIMP-1 and 
negatively correlated with the expression of MMP-9, 
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LAA%, RV, and RV/total lung capacity (TLC) (Table 4).

Discussion

In our study, we found decreased expression of PPARγ 
and MMP-9/TIMP-1 imbalance in the induced sputum of 
COPD individuals, distinctively in the emphysema subgroup. 
Reduced expression of PPARγ in the induced sputum 
correlated with metalloproteinase/anti-metalloproteinase 
imbalance, lung function injury and emphysema changes in 
COPD. Although our study is a cross-sectional observation, a 
role of PPARγ in the progression of emphysema was indicated 
from these data potentially. These results also demonstrated 
that increased expression of PPARγ significantly diminished 
the lung inflammation in COPD and emphysema.

PPARγ takes part in varieties of biological activities, 

such as inflammatory responses, metabolism, and cellular 
proliferation (23,24). In the lungs particularly, PPARγ was 
proved to be expressed in the macrophages, cells of airway 
smooth muscles, and epithelial cells (10,23,25,26). It has 
been proved that PPARγ played the anti-inflammatory role 
in monocytes/macrophages via the regulation of cytokine 
production (27). PPARγ activation inhibits airway epithelial 
cells and macrophages to release the proinflammatory 
cytokine (6,10,27). Macrophages take a great part in the 
pulmonary inflammatory response induced by chronic 
CS exposure in mice and are also the main component 
of bronchoalveolar lavage fluid (BALF) cells. Induced 
sputum is composed of inflammatory cells from the airway; 
therefore, we sought to investigate the expression of PPARγ 
in induced sputum. In our study, the level of PPARγ in the 
induced sputum was impoverished in COPD. In addition, 
the decrease of macrophage count in the induced sputum 
indicates the relationship between the anti-inflammatory 
effect of PPARγ and alveolar macrophages. A previous 
study exploring the effect of tiotropium observed a 
significant increase in PPARγ expression in sputum cells 
both after the long acting bronchodilator, tiotropium, and 
the combination of the long acting bronchodilator and 
inhaled corticosteroid, formoterol/inhaled corticosteroid, in 
COPD patients (28). These results indicate that decreased 
PPARγ expression correlates with exacerbation of airway 
inflammation and reduced lung function.

In this study, the decreased levels of PPARγ correlated 
with emphysema severity, as well as MMP-9/TIMP-
1 imbalance. In our previous study, the activation of 
PPARγ decreased the expression of MMP-9 in lung 

Table 3 Comparison of the concentration of PPAR-γ, MMP-9 and TIMP-1 in the inducing sputum in COPD patients with or without 
emphysema

Variables Emphysema group Non-emphysema group P 

FEV1 (L) 1.06±0.40 1.27±0.50 0.080

FEV1%Pred 40.32±14.19 49.99±12.41 0.007

RV (L) 4.58±1.16 3.77±1.18 0.009

RV% 199.90±47.95 167.13±45.90 0.011

CAT 26.23±13.03 16.15±6.08 0.030

PPAR-γ (ng/L) 114.63±19.55 127.87±27.00 0.031

TIMP1 (U/L) 83.28±15.12 99.68±12.54 <0.001

MMP9 (μg/L) 20.44±8.99 15.91±5.66 0.021

MMP9/TIMP1 0.26±0.13 0.16±0.06 0.001

Table 4 Multivariable correlations between the concentration of 
PPAR-γ in inducing sputum and the clinical characteristics

Variables r P

FEV1% 0.362 0.004

RV% −0.310 0.015

RV/TLC −0.343 0.007

LAA% −0.26 0.043

TIMP1 (U/L) 0.517 <0.001

MMP9 (μg/L) −0.286 0.025

MMP9/TIMP1 −0.417 0.001
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tissue and reduced the histopathological characteristics 
of  lung emphysema in a  CS-induced emphysema  
model (11). We previously demonstrated in vitro that CS 
exposure diminishes PPARγ expression with the increase 
of inflammatory cytokine in isolated macrophages (12).  
In vitro experiments showed that emphysema patients with 
smoking history have not only reduced PPARγ expression 
in the myeloid dendritic cells from lungs, but also inhibited 
the activity of endogenous agonist of PPARγ  (29). 
Knockout of PPARγ in antigen-presenting cells in mice led 
to lung inflammation spontaneously with the formation 
of emphysema, which looks like the manifestations of  
CS-exposed mice (29). In another study, deletion of PPARγ 
in airway epithelial cells shown the escalating formation of 
emphysema induced by CS with superfluous aggregation 
of macrophage and the release of chemokines, such as 
Cxcl15, Ccl5, and Cxcl10, through a direct interplay 
between PPARγ and NF-κB, including PPARγ-mediated 
impact on IκBɑ degeneration, nuclear translocation of p65, 
and the activation of IKK (10). These results revealed the 
critical role of PPARγ in the anti-inflammation in COPD, 
distinctly emphysema, and is likely released and regulated 
by macrophages. 

An imbalance of TIMPs and MMPs is crucial in  
COPD (3). Although the concentration of MMP-9 in lung 
is reduced in COPD patients with smoking history (30-33), 
levels of MMP-9 are greater in both smokers and COPD 
patients than non-smokers (33-36). Alveolar macrophages 
from COPD patients produced more MMP-9 (37,38) and 
show higher enzymatic activity compared with non-smokers 
and healthy smokers (37). The putative source of MMP-9 
could be both neutrophils and alveolar macrophages given 
that these cells isolated from COPD patients expressed 
MMP-9 (39). Airway epithelial cells could contribute to the 
MMP-9 levels, because compared with cells from healthy 
population without smoking history, these cells from 
both asymptomatic smokers and COPD patients’ exhibit 
increased MMP-9 mRNA expression (31). Increased MMP-
9 expression might also be caused by increased release of 
macrophages. An increase in macrophages and the expression 
of PPARγ together with a change downward in neutrophils 
and MMP-9 expression in induced sputum might exhibit 
counter-regulatory functions in terms of protection from 
COPD. The counter-regulatory relationship between 
PPARγ and MMP-9 was also observed in some other lung 
diseases. In vitro, PPARγ agonists reduced the IL-8 release 
and MMP-9 from epithelial cells of airway as a reaction to 
the stimulation of TNF-α/IL-1β or PAO1 in cystic fibrosis 

model, by the partial interaction with NF-κB (40). It has been 
previously demonstrated that in bronchial epithelial cell lines 
derived from human beings (41). TNF-α and PMA-induced 
gelatinolytic activity of MMP-9 was reduced significantly by 
PPARγ agonists in a concentration dependent manner.

Regarding TIMP-1, the healthy non-smoker group 
exhibited significantly higher TIMP-1 expression than 
that in the COPD and healthy smoker groups (33,42). CS 
exposure could impair the interaction between TIMP-1 
and MMP-9 in vivo. TIMP-1 acetylation could be induced 
by CS stimulation and disrupt its connection with MMP-9,  
thus to compromise its inhibition activity of MMPs (43). 
Thus in this study, we examined TIMP-1 to elucidate the 
relationship between PPARγ and MMP-9/TIMP-1 imbalance.

Our study suggested one potential mechanism for 
the formation of emphysema to COPD. There are two 
limitations as follows: firstly, given that smoke exposure 
itself could impose some effects on the changes of PPARγ 
and the harmonious arrangement between MMP-9 and 
TIMP-1, we only used healthy non-smokers in the control 
group instead of healthy population with smoking history; 
secondly, this is a one-center trial with a limited number of 
sample cases to explore the hypothesis we obtained from 
our animal and cell experiments.

Conclusions

In summary, decreased PPARγ expression in the induced 
sputum associated with reduced lung function and 
emphysema changes in COPD populations. Our results 
further reveal the protective role of PPARγ  in the 
maintenance of the dynamic balance of MMP-9/TIMP-1 
in COPD, distinctively in the emphysema subgroup, thus 
providing evidence for potential treatment targets in COPD.
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