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Ulinastatin (UTI) is a broad-spectrum serine protease inhibitor 
that is isolated and purified from human urine, with strong 
anti-inflammatory and cytoprotective actions in various cell 
and animal models[1].  UTI inhibits trypsin and is commonly 
used in the treatment of pancreatitis and sepsis[2, 3].  In addi-
tion, UTI stabilizes lysosomal membranes and inhibits lyso-
somal enzyme release and myocardial depressant factor pro-
duction[1].  UTI also inhibits neutrophil activation and transen-

for the treatment of acute circulatory failure[4].  Early admin-
istration of UTI has been demonstrated to inhibit neutrophil 
protease release and excessive inflammatory responses, and 
reduce the level of oxygen free radicals and the consumption 
of superoxide dismutase[5].  Although the anticoagulant and 
organ-protective effects of UTI may be partially explained by 

of UTI cannot be fully explained by protease inhibition.  Mech-

to be elucidated.

pathways.  Increasing evidence suggests that nuclear factor-
-

lation of inflammatory factors[6], including tumor necrosis 

others[7-9]
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[10, 11] -

-
[12, 13].  In addition, mitogen-

2

[14]

-
genesis of inflammation.  Increasing evidence suggests that 

mechanism underlying various inflammatory-associated 
diseases.  As previously reported, an increase in the produc-

[15, 

16]

response element (ARE), and triggers the expression of ARE-

is an important inducible antioxidant enzyme .  Therefore, 

-

In this study, we examined the effects of UTI on the expres-

the molecular mechanisms of anti-inflammatory and anti-
-

strate the interrelationship of these signaling pathways.

Reagents

Escherichia coli

-

from LC

-

Cell culture
-

v/v -

v v 2

concentration of 105

media.  

Total RNA extraction and qRT-PCR analysis
5 cells in a 12-well plate) were pre-

v/v 2

-

-
 method was 

used to calculate the fold-change of gene expression.  The 

Western blot analysis
-

-

w/v) non-fat 

appropriate primary antibodies and horseradish peroxidase-

Table 1.
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-
miluminescence development (Millipore).  Images were digi-

-

v/v 2

-
-

Measurement of ROS production

cultured in 96-well plates for 24 h before the experiment, were 
pretreated with the indicated concentrations of compounds 

wavelength of 525 nm.  The average fluorescence intensity 
from randomly selected fields (10 for each group) was mea-
sured using the built-in image analysis software.

Statistical analysis
All experiments were performed in at least triplicate and data 

-

post hoc comparison.  P<0.05 was considered statistically sig-

UTI decreases pro-inflammatory cytokines and increases anti-

 

-

of recruiting additional immune cells to inflammatory sites.  

was detected at 12 h.  As expected, pretreatment with UTI 

-

-

-

-

ultimately leads to inflammatory responses.  To determine 
-

-
-

-

long-term treatment of UTI was performed.  As shown in 
-

differentiation, as well as in the control of cellular responses to 

[19] -
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had a site-specific effect towards the dephosphorylation of 

-
the ability of UTI to relieve this effect, we tested the produc-

-

*P
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directly regulates the expression of inflammation-associated 
[20]

translocation into the cytoplasm increased when more UTI 

and found that UTI treatment apparently increased the level of 
-

-

[21]

-
-

-
dation.

To better understand the mechanism of UTI in preventing 
-

-

-

participate in the anti-oxidative effects of UTI.  

*P **P
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-

cells.  This influence was partially mediated through the 
inhibition of -

-

and induce immune responses to endogenous and exogenous 
stimuli, playing a central role in host defense and immune 

term treatment for 15 min was used for transient tests of pro-
tein phosphorylation and nuclear translocation, and long-term 
treatment for 12 h was used for tests protein expression levels.  

-

stress, and apoptosis[14, 22] -

  UTI inhibits Thr183
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pathway was involved in mediating the anti-inflammatory 

[22, 23].  Moreover, we 

which are the upstream signaling molecules for the phos-

cells, which is consistent with other anti-inflammatory func-
tions of UTI.  It is noteworthy that recent studies have indi-

[24, 25], while other studies suggest that they may 
not[26, 27].  To elucidate the relationship of the two pathways, 

-
-

effectively inhibited by UTI.  Therefore, we concluded that the 
-

tivation of the 
Increasing evidence has shown that activated macrophages 

enhance oxygen depletion, which causes the overproduction 

*P **P
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[15]

activation, is essential for redox homeostasis by preventing 

inflammatory responses in various macrophage subtypes[17, 

.  There was a large 

whereas pre-incubation with UTI significantly promotes the 

binds to the ARE, and activates transcription aimed at cytopro-

-
lar redox homeostasis under oxidative stress.  It is tempting to 

-
-
-

[29, 30]

-

pathways [31-33] -
-

-

the anti-oxidative function of UTI.

[34]

signaling molecules to activate various signaling pathways, 

*P **P
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[35]

induced oxidative damage to human endothelial cells by sup-
[36].  It is apparent 

is responsible for UTI-mediated anti-oxidation responses in 

involved in mediating the anti-oxidative stress effects of UTI, 

signaling pathway.
In this study, we demonstrated that UTI has a stronger 

are two biological events that are relatively independent 
-

-
matory damage, which is largely associated with the suppres-
sion of 

-
-

*P
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-
o

o 
2016A030313335).

-

contributed reagents.  All authors contributed to revising the 
paper.
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