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Abstract: Objective: The goal of this study was to investigate the effect of ulinastatin on the expression of matrix 
metalloproteinase-9 (MMP-9), tissue inhibitor of metalloproteinase-1 (TIMP-1) and transforming growth factor-β1 
(TGF-β1) in the treatment of bronchial asthma. Methods: A total of 120 patients with bronchial asthma were divided 
into the ulinastatin (n=60) and control groups (n=60) randomly. Patients in the control group received conven-
tional anti-inflammatory symptomatic treatment, and patients in ulinastatin group were treated with ulinastatin for 
7 consecutive days. The expression of MMP-9, TIMP-1, and TGF-β1 in sputum and serum were measured, blood 
gas indexes were analyzed, and relief time of clinical symptom were observed. Results: At 7 days post-treatment 
with ulinastatin, the symptom of asthma were relieved, and the expression of MMP-9, TIMP-1 and TGF-β1 in were 
decreased. Blood gas analysis showed that the blood gas indexes arterial partial pressure of oxygen (PaO2), arterial 
partial pressure of carbon dioxide (PaCO2) and PaO2/fraction of inspiration oxygen (PaO2/FiO2) in the ulinastatin 
group were significantly higher than those in control group. The relief time of clinical symptoms, in the ulinastatin 
group was earlier, and the total clinical effective rate (93.3%) was significantly higher than that in control group 
(75.0%) (p<0.05). Furthermore, correlation analysis showed that MMP-9, TIMP-1 and TGF-β1 levels were negatively 
correlated with PaO2, PaO2/FiO2 and PaCO2. Conclusion: Ulinastatin plays an important role in the treatment of pa-
tients with bronchial asthma possibly by improving blood gas indexes, alleviating clinical symptoms and decreasing 
the levels of MMP-9, TIMP-1, and TGF-β1.
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Introduction

Bronchial asthma is characterized by airway 
remodeling and this chronic inflammatory dis-
ease seriously affects patient health. Due to 
the increased incidence rate, more attention 
was paid on bronchial asthma in recent years 
[1]. Irreversible airflow obstruction and hor-
mone resistance are the main factors for for-
mation of refractory asthma [2]. Extracellular 
matrix (ECM) is the most basic and indispens-
able component of airway wall and alveoli. 
Various harmful factors stimulate the bronchial 
epithelial cells, cause damage to airway struc-
tural cells and result in proliferation of smooth 
muscle cell and ECM deposition. Furthermore, 
they eventually result in airway remodeling and 
irreversible airflow obstruction. Several studi- 
es have confirmed that a variety of inflamma-
tory factor such as matrix metalloproteinase- 
9 (MMP-9), tissue inhibitor of metalloprotein-

ase-1 (TIMP-1) and transforming growth fa- 
ctor-β1 (TGF-β1) are involved in the airway wall 
fibrosis and airway hyper-responsiveness. Mo- 
reover, these inflammatory factors are report- 
ed to regulate the degradation and deposition 
processes of ECM [3-5]. In clinic, the main con-
ventional treatment includes anti-inflammati- 
on, correction of acid-base imbalance, improve-
ment of ventilation function and aerosol inhala-
tion of glucocorticoids. However, the conven-
tional treatment has limited efficacy for all the 
patients. Ulinastatin, as a broad-spectrum pro-
tease inhibitor, can inhibit the activity of hyal-
uronidase, hydrolase, plasmin, lipoprotein, and 
promotes the secretion of a variety of inflam-
matory cytokines and stabilize lysosomal mem-
brane. Therefore, it is widely applied in the 
treatment of a variety of inflammatory diseas- 
es [6, 7]. However, whether ulinastatin can be 
used for the treatment of bronchial asthma 
remains poorly understood. The study aims to 
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investigate the clinical efficacy of ulinastatin  
in the treatment of bronchial asthma and its 
effect on the expression of MMP-9, TIMP-1,  
and TGF-β1.

Materials and methods

Patients

A total of 120 patients with bronchial asthma  
in our hospital from February 2016 to February 
2017 were enrolled in this study. According to 
Global Initiative for Asthma, all patients met 
the diagnostic and grading criteria (mild, mod-
erate and severe). Patients who were compli-
cated with serious dysfunction in heart, liver, 
kidney or other organs, pneumothorax, respira-
tory failure or other disease needing mechani-
cal ventilation, and autoimmune diseases were 
excluded. Patients were randomly divided into 
the ulinastatin group (n=60) and the control 
group (n=60). There was no significant differ-
ence in age or gender between the two groups 
(p>0.05). All patients signed the informed con-
sent and the study was approved by the Ethics 
Committee of Gansu Provincial Hospital.

Patients in the control group were treated with 
conventional treatment approaches, such as 
anti-inflammation, improvement of ventilation 
function, correction of acid-base imbalance 
and aerosol inhalation of glucocorticoids and 
β2 receptor agonists (formoterol and salmeter-
ol). Patients were treated with intravenous infu-
sion of ulinastatin (manufacturer: Guangdong 
Techpool Bio-Pharma Co., Ltd.) (10 U, 3 times/
day) in the ulinastatin group. Both groups were 
treated for 7 consecutive days.

Measurement of the expression of MMP-9, 
TIMP-1 and TGF-β1 in sputum and serum

Before and after treatment, 3 mL fasting ve- 
nous blood was collected and centrifuged in 
the morning, and the supernatant was collect-
ed and stored in a refrigerator at -80°C. Ac- 
cording to the sputum induction procedures of 
Pin et al. [8], 3-5 mL qualified sputum speci-
mens were collected to prepare the homoge-
neous sputum solution. After centrifugation, 
the supernatant was collected and stored in 
the refrigerator at -80°C. Qualified sputum 
smears: more than 25 neutrophils and less 
than 1 squamous epithelial cell were detected 
under each low-power microscope. The expres-
sion of MMP-9, TIMP-1, and TGF-β1 in sputum 

and serum were measured using a Tecan 
Sunrise full-automatic microplate reader (Te- 
can, Switzerland).

Detection of blood gas indexes in both groups

The extinction time of clinical symptoms, inclu- 
ding dyspnea, wheezing rale, chest tightness 
and cough, in both groups were observed.

Evaluation criteria of therapeutic effects 

During treatment, the clinical symptoms, body 
temperature and sleep quality in both groups 
were observed. (1) Remarkably effective: Cli- 
nical symptoms were disappeared completely, 
and body temperature was normal and sleep 
quality was restored. (2) Effective: Symptoms 
and signs were improved, and body tempera-
ture was close to normal. (3) Ineffective: Clini- 
cal symptoms and signs were similar to those 
before treatment and even aggravated. The 
total effective rates of both groups were re- 
corded.

Statistical analysis

Statistical analysis was tested by Statistical 
Product and Service Solutions (SPSS) 19.0 
software (IBM). Measurement data were pre-
sented as mean ± standard deviation (SD) and 
were compared by t test. Enumeration data 
were presented as n (%) and compared by Chi-
square test. Correlation analyses were perfor- 
med for the correlations among detection 
indexes. P<0.05 suggested that the difference 
was statistically significant.

Results

Basic characteristics

There were no significant differences in the 
basic characteristics (gender, disease severity, 
age and course of disease) between the ulina-
statin and control groups (p>0.05) (Table 1).

Expression of MMP-9, TIMP-1 and TGF-β1 

On day 7 after treatment with ulinastatin, the 
symptoms of asthma were relieved and the 
expression of MMP-9, TIMP-1, and TGF-β1 in 
sputum and serum were significantly decreas- 
ed (p<0.05). The MMP-9/TIMP-1 ratio in the 
ulinastatin group was significantly higher com-
pared with that in control group (p<0.05) (Ta- 
bles 2, 3).
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Correlation analysis of MMP-9, TIMP-1 and 
TGF-β1 with blood gas analysis indexes 

Correlation analysis showed that MMP-9, TI- 
MP-1, and TGF-β1 levels in serum and sputum  
of patients after treatment with ulinastatin 
were negatively correlated with PaO2, PaO2/
FiO2, and PaCO2 (Table 4).

Blood gas analysis indexes 

Blood gas analysis (PaO2, PaCO2 and PaO2/
FiO2) showed that the blood gas indexes in the 
ulinastatin group on day 7 after treatment were 

significantly higher than those 
in control group except PaCO2 
(p<0.05), indicating that ulina-
statin can effectively improve 
pulmonary ventilation function 
in asthmatic patients (Table 5).

Comparison of extinction time 
of clinical symptoms and clini-
cal efficacy 

The relief time (days) of clinical 
symptoms (dyspnea, wheezing 

Table 1. General conditions between the two groups of patients

Group
Gender Disease severity

Age (years) Course of disease 
(years)Male Female Mild Moderate Severe

Ulinastatin group (n=60) 27 (45%) 33 (55%) 23 (38.3%) 18 (30%) 19 (31.7%) 41.32 ± 4.98 3.55 ± 0.51
Control group (n=60) 31 (51.7%) 29 (47.3%) 24 (40%) 19 (31.7%) 17 (28.3%) 42.03 ± 5.18 3.50 ± 0.46
χ2 or t 0.534 0.159 1.077 0.076
p value 0.465 0.924 0.282 0.940

Table 2. MMP-9, TIMP-1, and TGF-β1 expression in serum in both groups
Group MMP-9 TIMP-1 TGF-β1 MMP-9/TIMP-1

Ulinastatin group (n=60) Before treatment 83.10 ± 17.79 173.59 ± 58.13 414.03 ± 100.11 0.55 ± 0.13
After treatment 52.14 ± 4.41Δ,* 74.35 ± 29.83Δ,* 170.18 ± 45.56Δ,* 0.78 ± 0.30Δ,*

Control group (n=60) Before treatment 84.54 ± 19.35 172.28 ± 56.38 410.35 ± 101.22 0.53 ± 0.12
After treatment 63.44 ± 6.13Δ 128.77 ± 18.85Δ 309.21 ± 40.77Δ  0.60 ± 0.11Δ

Note: MMP-9: matrix metalloproteinase-9. TIMP-1: tissue inhibitor of metalloproteinase-1. TGF-β1: transforming growth factor-β1. 
Δp<0.05 vs. cor-

responding before treatment group, *p<0.05 vs. the control group after treatment.

Table 3. MMP-9, TIMP-1 and TGF-β1 expressions in sputum in both groups
Group MMP-9 TIMP-1 TGF-β1 MMP-9/TIMP-1

Ulinastatin group (n=60) Before treatment 68.14 ± 15.36 205.11 ± 103.35 485.81 ± 87.76 0.42 ± 0.22
After treatment 46.13 ± 5.66Δ,* 79.18 ± 41.15Δ,* 249.77 ± 38.13Δ,* 0.79 ± 0.46Δ,*

Control group (n=60) Before treatment 67.73 ± 13.55 201.14 ± 101.17 188.43 ± 85.56 0.44 ± 0.19
After treatment 56.35 ± 7.12Δ 100.38 ± 49.98Δ 373.65 ± 62.26Δ 0.60 ± 0.38Δ

Note: MMP-9: matrix metalloproteinase-9. TIMP-1: tissue inhibitor of metalloproteinase-1. TGF-β1: transforming growth factor-β1. 
Δp<0.05 vs. cor-

responding before treatment group, *p<0.05 vs. the control group after treatment.

Table 4. Correlation analysis of MMP-9, TIMP-1 and TGF-β1 with 
blood gas analysis indexes

Index MMP-9 
(serum)

TIMP-1 
(serum)

TGF-β1 
(serum)

MMP-9 
(sputum)

TIMP-1 
(sputum)

TGF-β1 
(sputum)

PaO2 r -0.324 -0.182 -0.134 -0.138 -0.222 -0.170
p <0.001 0.001 <0.001 0.002 <0.001 0.006

PaCO2 r -0.153 -0.135 -0.132 -0.131 -0.166 -0.208
p 0.030 0.040 0.047 0.003 0.007 0.002

PaO2/FiO2 r -0.205 -0.237 -0.182 -0.140 -0.255 -0.221
p 0.007 <0.001 0.010 0.002 <0.001 <0.001

rale, chest tightness and cough) in the ulina-
statin group was earlier compared with control 
group, and the total clinical effective rate 
(93.3%) was significantly higher than that in 
control group (75.0%) is shown in Tables 6 and 
7.

Discussion

The pathogenesis of bronchial asthma is very 
complicated, and the main cause is cytokines 
and chemokines. They can damage airway 
structural cells, and it evenly lead to the airway 
hyper-responsiveness, airflow obstruction and 
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airway remodeling. In addition, it is also associ-
ated with the interaction between immune-
inflammatory injury and neural mechanism [9].

In the last few years, ulinastatin has been wide-
ly used in the treatment of acute pancreatitis 
and severe infection. It has been gradually 
applied in other inflammatory diseases in re- 
cent years [10, 11]. It was pointed out that 
ulinastatin can produce inflammatory mediator 
antagonism, inhibit platelet aggregation and 
adhesion, which can not only stabilize lysosom-
al membrane, but also scavenge oxygen free 
radicals, and inhibit the release of inflammato-
ry mediators [12, 13]. MMP-9 is demonstrated 
to be involved in the airway and pulmonary 
remodeling as a major rate-limiting enzyme 
that regulates ECM metabolism. In addition, it 
can also act on fibroblasts and smooth musc- 
le cells, thus activating matrix growth factors 

and causing ECM de- 
position. TIMP-1 regula- 
tes the renewal of ECM 
by specifically inhibiting 
MMP-9 activity. Further- 
more, TGF-β1 can stimu-
late airway inflammation 
and immune response, 
and it can lead to airway 
epithelial fibrosis, airway 
wall thickening and de- 
creased lung function th- 
rough stimulating prolif-
eration of airway smoo- 
th muscle cells [5]. Mo- 
reover, it can destroy  
the metabolic balance 
of ECM and ultimately 
resulting in the forma-
tion of irreversible air-
way obstruction [14].

Belleguic et al. showed 
that expression of MMP- 
9 and TIMP-1 in sputum 
and serum in patients 
with bronchial asthma 
was sig-nificantly incre- 
ased, and the MMP-9/
TIMP-1 ratio was decre- 
ased [15-17]. It was sug-
gested that the MMP-9 
level in asthmatic pati- 
ents was increased, fol-
lowed by the compensa-

tory increased level of TIMP-1 which is involved 
in ECM degradation and deposition. In addition, 
previous studies demonstrated that the expres-
sion of TGF-β1 in sputum and serum in patients 
with bronchial asthma was significantly higher 
than those in normal control group [18, 19]. 
Consistent with these, this study found that  
on day 7 after treatment with ulinastatin, the 
symptoms of asthma were relieved, and the 
expression of MMP-9, TIMP-1, and TGF-β1 in 
sputum and serum were decreased, indicating 
that ulinastatin can inhibit the release of local 
and systemic inflammatory factors (MMP-9, 
TIMP-1, and TGF-β1), thus ameliorating the 
inflammation in patients with bronchial asth-
ma. These data together suggest that ulina-
statin can inhibit trypsin and plasmin and do- 
wn-regulate the expressions of proMMP-1 and 
proMMP-9 [20]. Blood gas analysis can not only 
reflect the lung function status, but also pro-

Table 5. Comparison of blood gas analysis indexes between the two 
groups of patients
Group Group Before treatment Day 7
PaO2 (mmHg) Ulinastatin group 53 ± 6 120 ± 13Δ,*

Control group 56 ± 7 99 ± 12Δ

PaCO2 (mmHg) Ulinastatin group 33 ± 5 43 ± 4*

Control group 34 ± 5 40 ± 3
PaO2/FiO2 (mmHg) Ulinastatin group 165 ± 24 385 ± 65Δ,*

Control group 167 ± 23 279 ± 61Δ

Note: Δp<0.05 vs. corresponding before treatment group, *p<0.05 vs. the control group 
after treatment.

Table 6. Comparison of relief time (days) of clinical symptoms between 
the two groups

Group Dyspnea Wheezing 
rale

Chest  
tightness Cough

Ulinastatin group (n=60) 3.99 ± 0.83Δ 4.45 ± 0.46Δ 4.12 ± 0.57Δ 5.03 ± 0.98Δ

Control group (n=60) 5.78 ± 1.05 5.98 ± 0.78 6.03 ± 0.77 7.35 ± 1.03
t 11.77 10 12.56 15.26
p value <0.0011 <0.0011 <0.0011 <0.0011
Note: Δp<0.0001: compared with control group.

Table 7. Comparison of clinical efficacy between the two groups (%)

Group Markedly  
effective Effective Ineffective Patient  

efficiency
Ulinastatin group (n=60) 32 (53.3) 24 (40.0) 4 (6.6) 56 (93.3)Δ

Control group (n=60) 25 (41.7) 20 (33.3) 15 (325.0) 45 (75.0)
χ2 7.592 7.566
p value 0.02 0.006
Note: Δp<0.01: compared with the control group.
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vide an important reference for clinical treat-
ment. In this study, it was shown that compar- 
ed with those in control group, the blood gas 
indexes (PaO2, PaCO2 and PaO2/FiO2) were 
higher, the relief time of clinical symptoms (dys-
pnea, wheezing rale, chest tightness and cou- 
gh) was earlier, and the total clinical effective 
rate was significantly higher in ulinastatin group 
on day 7 after treatment. Serum inflammatory 
factors reflects systemic inflammatory condi-
tions, and sputum from the deep airway of 
patients with asthma can directly reflect the 
release extent of airway local inflammatory fac-
tors. Correlation analysis showed that MMP-9, 
TIMP-1, and TGF-β1 levels in serum and sputum 
were negatively correlated with PaO2, PaO2/
FiO2, and PaCO2, indicating that the abnormal 
blood gas might be resulting from the abnor- 
mal expression of MMP-9, TIMP-1, and TGF-β1 
levels.

Conclusion

In conclusion, ulinastatin displays a significant 
efficacy in treatment of patients with bronchial 
asthma by improving blood gas indexes, allevi-
ating clinical symptoms and decreasing the lev-
els of MMP-9, TIMP-1, and TGF-β1.
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