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Abstract: The aim of this study was to investigate the effect of urokinase-type plasminogen activator (uPA) on cell
viability, apoptosis, and inflammatory cytokine levels in septic human umbilical vein endothelial cells (HUVECs).
Lipopolysaccharides (LPS) were added to construct septic HUVECs, then the septic HUVECs were treated by uPA,
and cell viability, apoptosis, TNF-α, IL-6, GMCSF and uPAR levels were evaluated by CCK-8, AV/PI, qPCR, western blot
and ELISA, respectively. Subsequently, uPA shRNA was transferred into septic HUVECs, and the cells viability, cell
apoptosis and the expressions of TNF-α, IL-6, GMCSF, as well as uPAR were assessed by the same methods. uPA promoted viability while reducingapoptosis in septic HUVECs. However, uPA had no effect on the regulation of TNF-α or
IL-6 expression in septic HUVECs. In addition, uPA elevated the expressions of GMCSF and uPAR in septic HUVECs.
After the transfection of uPA shRNA, cell viability was decreased, apoptosis was enhanced, and GMCSF and uPAR
expressions were reduced, while TNF-α or IL-6 expression did not vary in septic HUVECs. In conclusion, uPA promotes cell viability, represses apoptosis,and has no effect on regulating inflammatory cytokines in septic HUVECs.
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Introduction
Sepsis is an intricate systemic disorder characterized by rapid organ dysfunction with original
causes of various infections, affecting 19 million patients worldwide each year and leading
to a high mortality rate approximately ranging
from 30% to 50% [1-3]. Host response to infection is the mainstay of the pathogenesis of sepsis, in which several critical processes have
been identified, including the trigger of proinflammatory and anti-inflammatory factors
induced by nuclear factor κB and neutrophils
and generation of inflammatory cytokines that
result in microthrombi and immunosuppression [4, 5]. Management of sepsis patients
requires timely interventions, which consist of
rapid fluid resuscitation, source removal, antibiotic treatment, fluid resuscitation, and vasoactive drugs [4]. However, although mortality rate
has declined, the high in-hospital incidence,
high morbidity rate and many inefficient withdrawn novel drugs, for example the recombinant human activated protein C (drotrecogin

alfa), still makes sepsis a huge problem in
emergency medicine [5-7].
The plasminogen activator (PA) system, an
essential system in cell differentiation, migration and reconstruction, mainly contains urokinase-type plasminogen activator (uPA), uPA
receptor (uPAR), tissue type plasminogen activator (tPA), plasminogen activator inhibitor-1
(PAI-1), and PAI-2. uPA commonly is expressed
in neutrophils, monocytes, macrophages, and
activated T cells, and is reported to be capable
of regulating inflammation, immune responses,
and human endothelial cell functions in cancers and several inflammatory diseases [8-10].
The therapeutic effect of uPA has been demonstrated in several diseases, such as ischemic
brain injury and central nervous system (CNS)
axon injury [11, 12]. Moreover, studies also
report that uPA is beneficial in inflammation by
activating T cells and may act as an antibiotic
agent in mice model infected with staphylococcus aureus [13, 14]. However, the therapeutic
role of uPA in sepsis remains largely unknown.
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Materials and methods
Determination of the effect of ShuPA on septic
HUVEC functions
Cell culture
Table 1. Antibodies for western blot

Human umbilical vein endothelial cells (HUVECs) were purchased from American Type
Culture Collection (ATCC, USA) and cultured in
90% DMEM-F12 (Gibco, USA) medium complemented with 10% fetal bovine serum (FBS)
(Gibco, USA), then 5 units/ml heparin (Sigma,
USA), 30 µg/ml endothelial cell growth factor
(Sigma, USA) and 100 units/ml penicillin-streptomycin (Gibco, USA) were added in the medium as well. Cells were incubated under 95% air
and 5% CO2 at 37°C.
Determination of the effect of uPA on septic
HUVECs cells viability, apoptosis and inflammation
HUVECs were cultured in normal medium,
medium with 200 ng/ml lipopolysaccharides
(LPS) (Sigma-Aldrich, USA) and medium with
200 ng/ml LPS as well as 10 ug/ml recombinant human uPA (Sigma-Aldrich, USA) for 24 h,
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Blank shRNA and uPA shRNA plasmids were
constructed using pGPH1 (Shanghai GenePharma Company, China), and then transferred
into HUVECs with or without LPS using HilyMax
(Dojindo, Japan) and cells were categorized
into 4 groups: NC group (blank shRNA), ShuPA
group (uPA shRNA), NC+LPS group (blank
shRNA+200 ng/ml LPS) and ShuPA+LPS group
(uPA shRNA+200 ng/ml LPS). Cells were cultured for 24h after transfection. The following
assays were conducted: uPA mRNA expression
was measured by qPCR, cell viability was measured by CCK8 (Medchemexpress, USA), apoptosis rate was measured by AV/PI (Thermo,
USA) and anti-apoptosis marker Bcl-2 expression was measured by western blot. TNF-α and
IL-6 expression in cells were measured by qPCR
and western blot while their expression in cells
supernatant were measured by ELISA (eBioscience, USA). GMCSF and uPAR expression in
cells were measured by qPCR and western blot.
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Figure 1. uPA promoted cell viability and inhibited apoptosis in septic HUVECs. Viability was decreased in LPS group
compared to controls while it was enhanced in the LPS+uPA group compared with LPS group (A). Apoptosis was
elevated in LPS group compared with controls but was decreased in LPS+uPA group compared to LPS group (B,
D). The anti-apoptosis protein Bcl-2 expression showed the same trend (C). Comparison between two groups was
determined by t test. P<0.05 was considered significant. **P<0.01, ***P<0.001. uPA, urokinase-type plasminogen
activator; HUVECs, human umbilical vein endothelial cells; LPS, lipopolysaccharides.

Western blot
After extraction of total protein, a BCA kit
(Pierce Biotechnology, USA) was used to assess
the total protein concentration by making a
standard curve. Then electrophoresis was conducted in the sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) for the
isolation of total protein, after which the sample was transferred to polyvinylidene fluoride
(PVDF) membrane (Millipore, Bedford, USA).
Subsequently, the PVDF membrane was blocked and then primary antibody was added,
which was incubated under 4°C overnight and
then washed by wash buffer, subsequently the
secondary antibody was added, which was
incubated under 37°C for 1 h. Afterward, the
bands were visualized using enhanced chemiluminescence (ECL) kit (Millipore, USA). Antibodies used in western blot were listed in Table
1.
qPCR
The cells were collected after being digested
using 0.25% Trypsin (Gibco, USA), and then the
total RNA was extracted by TRIzol Reagent
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(Invitrogen, USA). Subsequently, reverse transcription of RNA to cDNA was performed by
using ReverTra Ace® qPCR RT Master Mix (Toyobo, Japan). Then the qPCR was conducted
using the QuantiNova SYBR Green PCR Kit
(Qiagen, Germany), and finally, setting GAPDH
as an internal reference, the results were determined by the 2-ΔΔCt formula. Primers used in
qPCR arelisted in Table 2.
ELISA
TNF-α and IL-6 expression in cell supernatant
were measured using commercial ELISA kits
(eBioscience, USA) according to the instructions of the manufacturer.
CCK8
Each plate was incubated with 5% CO2 in 37°C
for 2 h after being added with the 10 μL CCK-8
reagent (Medchemexpress, USA) and 90 μL
RPMI 1640 medium. Afterward, a microplate
reader (BioTek, USA) was used for assessing
the optical density (OD) value to evaluate the
cell viability capacity. Cell viability was calculated as OD value in experimental group/OD value
in control (or NC) group *100%.
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was detected by t test.
P<0.05 was considered as
significant.
Results
Effect of uPA on cell viability and apoptosis in septic
HUVECs

Figure 2. uPA had no impact on pro-inflammatory cytokine levels in septic HUVECs. TNF-α (A) and IL-6 (B) mRNA expressions in LPS group were both higher
compared with controls and did not differ in the LPS+uPA group compared
with the LPS group. TNF-α and IL-6 expressions in HUVECs (C) and TNF-α as
well as IL-6 levels in cell supernatant fluid presented the same trends (D,
E). Comparison between two groups was determined by t test. P<0.05 was
considered significant. *P<0.05, ***P<0.001. uPA, urokinase-type plasminogen activator; HUVECs, human umbilical vein endothelial cells; LPS, lipopolysaccharides; TNF-α, tumor necrosis factor-α; IL-6, interleukin-6.

AV/PI
First, the cells were digested using 0.25% trypsin (Gibco, USA) at 37°C and were subsequently washed by 1 mL precooled PBS twice, after
which the cells were centrifuged at 1000 rpm
for 5 mins. Second, the cells were re-suspended by 100 μL binding buffer; later on, 5 μL AV
(Thermo, USA) and 10 μL PI (Thermo, USA) were
added and incubated for 15 mins, which were
subsequently added in the flow cytometry tube
with 385 μL binding buffer, and then the flow
cytometry assay was conducted.
Statistics
Statistical analysis was conducted using SPSS
22.0 Software (IBM, USA) and GraphPad
Software 6.01 (GraphPad Software, USA). Data
were presented as mean ± standard error
(SEM), and comparison between two groups
80

Cell viability was decreased in
LPS group compared to the
control group (P<0.01), and
was increased in LPS+uPA
group compared with the LPS
group (P<0.01) (Figure 1A).
As for apoptosis, it was elevated in LPS group compared
with the control group (P<
0.001) but was decreased in
LPS+uPA group compared to
the LPS group (P<0.01) (Figure 1B, 1D). The anti-apoptosis protein Bcl-2 expression
was down-regulated in the
LPS group compared tothe
control group, while it was
up-regulated in LPS+uPA group compared to LPS group
(Figure 1C). These results
indicated that uPA played
a protective role in septic
HUVECs.

Effect of uPA on inflammatory cytokines levels
in septic HUVECs
The mRNA expression of TNF-α and IL-6 were
both increased in the LPS group compared with
controls (both P<0.001), while they were not
different in LPS+uPA group compared with LPS
group (both P>0.05) (Figure 2A, 2B). As to their
protein expression, the TNF-α and IL-6 protein
expression in HUVECs were up-regulated in LPS
group compared to the control group, but they
were similar between the LPS+uPA group and
LPS group (Figure 2C). In addition, the TNF-α
and IL-6 protein levels in cell supernatant fluid
were elevated in the LPS group compared with
controls (all P<0.001), while no difference was
found between the LPS+uPA group and LPS
group (all P>0.05) (Figure 2D, 2E). These
results suggest that uPA has no effect in regulating inflammatory cytokine expression in septic HUVECs.
Int J Clin Exp Pathol 2019;12(1):77-86
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Figure 3. uPA elevated GMCSF and uPAR levels in septic HUVECs. GMCSF (A) and uPAR (B) mRNA levels both
were increased in LPS group compared to controls and were also elevated in LPS+uPA group compared with the
LPS group. GMCSF and uPAR protein levels disclosed the same trends as their mRNA expression (C). Comparison
between two groups was determined by t test. P<0.05 was considered significant. **P<0.01, ***P<0.001. uPA,
urokinase-type plasminogen activator; GMCSF, granulocyte-macrophage colony stimulating factor; uPAR, uPA receptor; HUVECs, human umbilical vein endothelial cells; LPS, lipopolysaccharides.

was increased in theLPS+uPA group compared
to the LPS group (P<0.001) (Figure 3B). The
GMCSF and uPAR protein levels were both elevated in the LPS group compared with controls,
and they were higher in the LPS+uPA group
than the LPS group (Figure 3C). Our results indicated that uPA may regulate GMCSF and uPAR
expression in septic HUVECs.
Effect of ShuPA on cell viability and apoptosis
in septic HUVECs

Figure 4. uPA mRNA expression. uPA mRNA expression was down-regulated in the ShuPA group compared with NC group and was also decreased in
ShuPA+LPS group versus the NC+LPS group. Comparison between two groups was determined by t test.
P<0.05 was considered significant. ***P<0.001.
uPA, urokinase-type plasminogen activator; LPS, lipopolysaccharides.

Effect of uPA on GMCSF and uPAR expression
in septic HUVECs
Subsequently, we evaluated the expressions of
GMCSF and uPAR in septic HUVECs using western blot and qPCR, which showed that the
GMCSF mRNA level was up-regulated in LPS
group compared to controls (P<0.001), and it
was also elevated in LPS+uPA group compared
to the LPS group (P<0.01) (Figure 3A). Similarly,
the uPAR mRNA expression was higher in LPS
group compared with controls (P<0.001) and
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Since we found uPA had therapeutic effects on
septic HUVECs, we further investigated the
effect of uPA shRNA on proliferation, apoptosis,
and inflammatory cytokines in HUVECs. uPA
mRNA expression was down-regulated in ShuPA
group compared to the NC group (P<0.001) and
was also decreased in Shu+LPS group compared with NC+LPS group (P<0.001), suggesting that the transfections were successful
(Figure 4). After transfections, cell viabilities in
ShuPA group and NC group were similar
(P>0.05), but the cell viability was decreased in
ShuPA+LPS group compared to in NC+LPS
group (P<0.01) (Figure 5A). Cell apoptosis was
increased in ShuPA group compared to the NC
group (P<0.05) and was elevated in ShuPA+LPS
group compared with the NC+LPS group as well
(P<0.01) (Figure 5B, 5D). The level of anti-apoptosis protein Bcl-2 was decreased in the ShuPA
group compared with NC group, and it was also
reduced in ShuPA+LPS group compared with
NC+LPS group (Figure 5C), suggesting that inhibition of uPA had an exacerbating effect in septic HUVECs.

Int J Clin Exp Pathol 2019;12(1):77-86

uPA in septic HUVECs

Figure 5. ShuPA decreased cell viability and up-regulated apoptosis in septic HUVECs. Viability in ShuPA group was similar to that in the NC group while it was
decreased in ShuPA+LPS group versus the NC+LPS group (A). Apoptosis was higher in the ShuPA group compared with the NC group and was elevated in the
ShuPA+LPS group compared with the NC+LPS group (B, D). The level of anti-apoptosis protein Bcl-2 displayed the same trend (C). Comparison between two groups
was determined by t test. P<0.05 was considered significant. *P<0.05, **P<0.01; NS, not significant. HUVECs, human umbilical vein endothelial cells; LPS, lipopolysaccharides.
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ShuPA+LPS group and the
NC+LPS group (all P>0.05)
(Figure 6D, 6E). This indicated that uPA shRNA may
have no effect on inflammatory cytokine levels in septic
HUVECs.
Effect of ShuPA on GMCSF
and uPAR expression in
septic HUVECs
GMCSF mRNA expression
was lower in the ShuPA
group compared with NC
group (P<0.05) and was also
decreased in ShuPA+LPS
group compared to the NC
+LPS group (P<0.01) (Figure
7A). As for the uPAR mRNA
level, it was reduced in the
ShuPA group compared to
NC group (P<0.05) and was
reduced in ShuPA+LPS group compared to the NC+LPS
group as well (P<0.01) (Figure 7B). In addition, the
Figure 6. ShuPA down-regulated pro-inflammatory cytokine levels in septic
GMCSF and uPAR protein
HUVECs. The TNF-α mRNA level (A), IL-6 mRNA level (B), TNF-α protein level
expression in HUVECs cell
in HUVECs (C), IL-6 protein level in HUVECs, TNF-α protein level in cells supersupernatant fluid were lower
natant fluid (D) or IL-6 protein expression in cells supernatant fluid (E) did not
in the ShuPA group comvary between the NC group and ShuPA group, nor between the NC+LPS group
and ShuPA+LPS group. Comparison between two groups was determined by t
pared to the NC group, and
test. P<0.05 was considered significant. *P<0.05, **P<0.01; NS, not signifiwas also decreased in the
cant. HUVECs, human umbilical vein endothelial cells; TNF-α, tumor necrosis
ShuPA+LPS group versus
factor-α; LPS, lipopolysaccharides; IL-6, interleukin-6.
the NC+LPS group (Figure
7C). These results suggestEffect of ShuPA on inflammatory cytokine
ed that uPA shRNA can modulate the levels of
GMCSF and uPAR in HUVECs.
expressions in septic HUVECs
After transfections, the level of TNF-α mRNA in
the ShuPA group was similar to that in NC group
(P>0.05) and was also similar in the ShuPA+LPS
group compared with NC+LPS group (P>0.05)
(Figure 6A). Additionally, the IL-6 mRNA expressions between ShuPA group and NC group, and
between ShuPA+LPS group and NC+LPS group
were similar (all P>0.05) (Figure 6B). The TNF-α
or IL-6 protein expression in HUVECs in ShuPA
group was similar to that in NC group and was
also not different in ShuPA+LPS group compared with NC+LPS group (Figure 6C). The
TNF-α and IL-6 protein in the supernatant fluid
were similar between the ShuPA group and the
NC group (all P>0.05), and between the

83

Discussion
In this study, the results disclosed that: (1) uPA
presented a therapeutic effect by enhancing
cell viability and reducing apoptosis in septic
HUVECs; (2) uPA had no effect on the expression of pro-inflammatory cytokines TNF-α and
IL-6 in septic HUVECs; (3) uPA regulated GMCSF
and uPAR expression in septic HUVECs.
It is reported that uPA has the ability to regulate
cell functions in various diseases. For example,
high molecular weight-uPA (HMW-uPA) and amino-terminal fragment (ATF) promotes breast
cancer proliferation via the mitogen-activated
protein kinase (MAPK) pathway [15]. The study
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Figure 7. ShuPA down-regulated GMCSF and uPAR levels in septic HUVECs. GMCSF (A) and uPAR (B) mRNA levels
both decreased in the ShuPA group versus the NC group, and also decreased in the ShuPA+LPS group versus the
NC+LPS group. GMCSF and uPAR protein expression presented with the same trends as their mRNA levels (C).
Comparison between two groups was determined by t test. P<0.05 was considered significant. *P<0.05, **P<0.01.
GMCSF, granulocyte-macrophage colony stimulating factor; HUVECs, human umbilical vein endothelial cells; LPS,
lipopolysaccharides; uPAR, uPA receptor.

conducted by Cui et al reveals that uPA may
enhance cells proliferation of outer root sheath
keratinocytes [16]. There is also a study elucidating that Sphingosine kinase (SphK) 1 promotes cell proliferation and invasion by increasing the MMP-2/9 and uPA through MAPK
pathway products in colon cancer cells, which
suggests that the uPA might play a critical role
in enhancing colon cancer proliferation [17].
uPA may also play a regulatory role in promoting cell proliferation in multiple diseases.
Nonetheless, very limited studies report the
impact of uPA in sepsis; for instance, an animal
experiment discloses that plasmin, which is
activated by uPA and uPAR, harms septic mice
by enhancing inflammatory cytokine production, causing tissue damage, decreased neutrophil function, and impaired ability to kill bacteria [18]. However, the effect of uPA in
mediating endothelial cells functions in sepsis
has not been investigated. CoSince uPA has a
critical role in mediating immunity, inflammation, and cell function in various diseases and
has also been found to participate in pathology
of sepsis, we deduced that uPA might impact
the function of septic endothelial cells. Herein,
we invested its effect on cell viability and apoptosis in septic HUVECs and found that uPA promoted proliferation and inhibited apoptosis,
indicating that uPA may have a therapeutic
effect on septic endothelial cells. This may
result from: (1) uPA probably escalated cell proliferation and reduced apoptosis through the
similar mechanisms of uPA in mediating cancer
or normal cell functions via various pathways
such as the MAPK pathway [15-17]; (2) uPA dis-
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plays a capability of promoting angiogenesis
by regulating proline-rich homeodomain (PRH)
and vascular endothelial growth factor (VEGF)
receptor, which is a mechanism that ameliorates sepsis [19].
Moreover, we also found that uPA had no
impact on pro-inflammatory cytokine levels in
septic HUVECs, which suggested that uPA
might not be involved in the regulation of inflammatory cytokine expressions in septic cells.
Nonetheless, the regulatory role of uPA in
inflammation is controversial. A previous experiment elucidates that uPA promotes leukocyte
infiltration in corneal inflammation by boosting
inflammatory cytokine secretion from corneal
fibroblasts [8]. Another study reveals that uPA
interacts with uPAR to enhance the release
of inflammatory cytokines, chemokines, and
growth factors which subsequently promotes
the development of rheumatoid arthritis, a disease closely related to inflammation [9]. An earlier in vivo and in vitro experiment reports that
uPA stimulates the activation of neutrophils
and promotes inflammation via regulating multiple pathways which consist of Akt and c-Jun
N-terminal kinase, nuclear translocation of the
transcriptional regulatory factor NF-kappa B,
and pro-inflammatory cytokines levels: pathways that include IL-1β, macrophage-inflammatory protein-2, and TNF-α [20]. In contrast, a
study showed that uPA has an anti-inflammatory effect. uPA ameliorated inflammatory osteoclastogenesis caused by LPS by modulating the
plasmin/PAR-1/Ca(2+)/CaMKK/AMPK axis in
mice models with bone destruction [21].
Int J Clin Exp Pathol 2019;12(1):77-86
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Therefore, the conflicting roles of uPA in mediating inflammation found by previous studies
may explain our results [8, 9, 20-22].
In addition, we discovered that uPA could modulate GMCSF and uPAR expression in septic
HUVECs. GMCSF, a cytokine closely related to
immunity and inflammation, is a well-known
immunostimulant used in sepsis, which is
capable of enhancing the production and antibacterial function of immune cells, such as
neutrophils and monocytes [23]. Therefore,
GMCSF could be regulated by uPA in septic
HUVECs due to its critical role in immune and
inflammatory responses. As for the regulatory
effect of uPA on uPAR expression in septic
HUVECs, it may arise from uPAR being the
receptor of uPA, so that an increase of uPA elevated uPAR production in septic HUVECs, and
vice versa.
In conclusion, uPA promotes cell viability, represses apoptosis and has no effect on inflammatory cytokines in septic HUVECs.
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