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Abstract: The purpose of this article is to study whether the overexpression of urokinase-type plasminogen activator
(uPA) can promote the proliferation and fibrinolytic activity of human umbilical vein endothelial cells (HUVECs). The
recombinant adenovirus vectors containing the human uPA gene were constructed and transfected into HUVECs.
In this study, the mRNA of uPA was detected by qPCR, and the uPA protein was measured by Western blot. The cell
proliferation was measured using MTT. The fibrinolytic activity of uPA was quantified using a colorimetric assay. We
also measured MMP2 (metalloproteinase-2), MMP9 (metalloproteinase-9), and VEGF (vascular endothelial growth
factor) proteins using ELISA. The results showed that the levels of the uPA mRNA and the protein in the overexpression group were significantly higher compared to the other groups, (P < 0.05). The cell proliferation and uPA activity
were increased significantly in the overexpression group, compared to the other groups, (P < 0.05). The secretions
of MMP2, MMP9, and VEGF in the overexpression group were significantly higher than they were in the other two
groups (P < 0.05). In conclusion, we successfully transfected a recombined adenovirus vector carrying uPA into a
HUVEC. The exogenous uPA gene could transcribe and secrete the uPA protein in the HUVECs. The overexpression of
uPA can increase cell proliferation and uPA activity. It can improve the invasion and angiogenesis ability in HUVECs
by promoting their secretions of MMP2, MMP9, and VEGF.
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Introduction
Deep venous thrombosis (DVT) is a serious cardiovascular disease. Without proper treatment,
DVT can easily develop into post-thrombotic syndrome, femoral bruising, femoral white swelling, and even death due to pulmonary embolism [1]. Every year, millions of people suffer
from DVT, and the incidence of DVT is getting
higher and higher [2]. At present, the treatment
for DVT in the lower extremities is mainly anticoagulant therapy, thrombolytic therapy, interventional therapy, surgical thrombectomy and
so on, but these treatments are risky, expensive, and have many disadvantages.
Therefore, it is of great significance to find a
new treatment method, which enables the body

itself to produce cytokines that respond to venous thrombosis, that is, to ablate the thrombus, to promote the remodeling of venous wall
fibrosis, and not to cause significant negative
effects on other tissues of the body.
UPA is a second generation thrombolytic agent
and belongs to the serine proteases. It has two
forms: one is an inactive single-chain structure,
the other binds to urokinase-type plasminogen
activator receptors (uPAR), enzymatic hydrolysis of membrane-bound plasminogen and other
proteases and produces an active double-chain
form, which does not require fibrin as a cofactor
and can directly activate plasminogen to become plasmin [3-10]. Plasmin can degrade fibrin clot proteolytic enzymes, which is an important component of the fibrinolytic system. Once
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the body produces a coagulation reaction, it
activates the fibrinolytic system and removes
excess thrombus [11]. UPA synthesis has been
used in thrombolytic therapy in vitro, such as
with acute myocardial infarction, cerebral embolism, peripheral arteriovenous thrombosis,
etc.
However, there are few studies on promoting
uPA secretion by human vein endothelial cells
for thrombolytic therapy in vivo. Therefore, we
transfected the adenovirus carrying the uPA
gene into human umbilical vein endothelial
cells and measure the secretion of uPA, so as
to lay a foundation for the later thrombosis treatment of uPA in vivo.
Materials and methods
Cell lines, cell cultures and reagents
HUVECs were obtained from the American Type
Culture Collection (Manassas, VA). Lipofectamine 2000, Rabbit monoclonal anti-human antibodies against uPA, and β-actin were purchased from Santa Cruz Biotechnology, Inc (Santa
Cruz, CA, USA). VEGF, MMP2, and MMP9 were
purchased from Boster Biological Technology.,
LTD (Wuhan, China). LightCycler®96 Real-time
Fluorescence Quantitative PCR (qPCR) is manufactured by the Roche Company in Switzerland.
Construction of recombinant adenovirus vectors
The recombinant adenovirus vectors containing exogenous uPA gene were designed and
synthesized by the Wuhan Cell Marker Biotechnology Co., Ltd. in Wuhan, China. The genespecific uPA primer pair was as follows: Forward, 5’-CAAGCTTGCCACCATGAGAGCCCTGCTGGCG-3‘ and reverse, 5’-CAAGCTTCCCGAGGGCCAGC42CATTCTCTTC-3’.
Cell culture and transfection
The HUVECs grew in a 10% fetal bovine serum
(FBS) DMEM solution containing 100 mg/L
streptomycin and 100 units/mL penicillin. It
was cultured continuously at 37°C and in a 5%
carbon dioxide cell incubator. About 2000 cells
were inoculated in a six-well plate the day
before the transfection. According to the lipofectamine-2000 instructions, the cells were
transfected with an adenovirus vector.
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The experiment was divided into three groups:
a blank control group (PBS), an empty vector
group (blank adenovirus vector), and an overexpression group (recombinant adenovirus vector
containing uPA gene sequence), and each
experiment was repeated three times.
qPCR
48 hours after the transfection of the HUVECs,
the culture medium was removed, and then the
total RNA was extracted from the HUVECs using
the Trizol Reagent (Invitrogen, California, USA).
A PrimeScript RT kit (Kangwei Century Biotechnology Co., Ltd.) was used to synthesize the
cDNA. According to the instructions, SYBR Green dye was used for qPCR. The reaction conditions were as follows: 10 min 95 pre-denaturation, 40 cycles (95 15 S; 60 30 S); 72 30 S);
and the primers used in the qPCR were as follow: uPA, 5’-CTACTACGGCTCTGAAGTCACCAC-3’;
(sense) and 5’-GTAGACGCCTGGCTTGTCCT-3’
(antisense); In each reaction, 10 µl SYBR®
Premix Ex Taq™, 0.4 µM reverse and forward, 1
µl cDNA in a total volume of 20 µl were used.
The standard 2-ΔΔ CT method was used to calculate the results.
Western blot analysis
A Western blot analysis was performed with reference to the reported literature [15]. In short,
RIPA containing protease inhibitors and phosphatase inhibitors cleaved human umbilical
vein endothelial cells, 10% SDS-PAGE electrophoresis, then the cells were transferred to a
PVDF membrane, 3% BSA blocked 1 hour later,
then the membrane was incubated with Rabbit
monoclonal anti-human antibodies (uPA or
β-actin 1:1000) overnight, After washing with
TBST for 1 hour, we added goat anti-rabbit secondary antibody (1:8000) for 1 h, followed by a
TBST wash, luminescent solution, exposure
imaging, and β-actin was used as a protein load
measurement.
MTT assay
MTT was performed with reference to the reported literature [16]. In short, HUVEC was put
into 96-well plates the night before transfection. The density of the plates was 2000 cells/
well, and we added a 100 μL medium containing 10% FBS into each well. The next day, four
96-well plates were transfected with the cells.
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Then one plate was taken out after being transfected for 24 h, 48 h, 72 h, 96 h, and then
20 μL MTT (5 mg/ml) was added into each well. After 4 h, 150 μL/well of dimethyl sulfoxide
(DMSO) was added to the culture solution, the
wells were shaken for 10 min, and the optical
density (OD) of the sample was measured on
a microplate spectrophotometer (Thermo Multiscan MK3, USA) at 490 nm.
Colorimetric assay
The uPA activity was determined using a colorimetric assay Kit for uPA (Shanghai Zhenao
Biotechnology Co., Ltd.). Briefly, the cells were
cultured in a 60 mm cell culture dish (1 to 5 ×
107 cells), then they were carefully mixed with
3ml cleaning solution, then we covered the cell
surfaces and carefully removed the cleaning
solution. We then used a cell-scraping rod to
gently scrape off the cells, we added 3 ml
Reagent A, and we mixed the cells into the 15
ml conical centrifuge tube. Next, we put it into a
4°C centrifuge for 5 min. carefully removed the
supernatant and added Reagent B 500 μL. We
then mixed it and transferred it to a pre-cooled
1.5 ml centrifugal tube with strong whirlpool
oscillation for 15 s. Then we incubated it in an
ice tank for 30 min and centrifuged it in a 4°C
miniature centrifuge for 5 min at a speed of 16
000 G. Next we carefully removed the 500 ml
supernatant to the new pre-cooled 1.5 ml centrifugal tube. 96-well plates were taken out and
marked with reference wells and sample wells.
85 μL Reagent C, 5 μL Reagent D and 10 μL
Reagent E were added to the wells and incubated at 37 C for 60 minutes. Then they were
transferred to a 100 μL colorimetric dish and
tested with a spectrophotometer.
Enzyme linked immunosorbent assay (ELISA)
After 48 hours of transfection, the cell supernatants were collected and centrifuged for 10
minutes at 3000 r/min and stored at -20°C. We
covered them with a flat plate and incubated
them overnight at 4°C. The next day, the washing and coating solution was gradually diluted,
and a negative control was set up. The supernatant was added to each pore and incubated for
2 hours. We then abandoned the liquid, patted
the supernatant dry and washed it three times,
then we added the detection antibodies uPA,
MMP2, and MMP9, then we fully washed the
solution, we added the substrates A and B liq2961

uid 50 μL to each well, and then we stopped
the reaction after 20 minutes, then we tested
450 nm A value on the microplate spectrophotometer.
Statistical analysis
The experimental results were expressed as
the mean ± the standard error of the mean
(S.E.M). SPSS 18.0 was used for the statistical
analysis. The statistical analyses were performed with one-way ANOVA and Student’s
t-test. Differences of data were considered statistically significant when a P-value < 0.05.
Results
The recombined adenovirus vector carrying
uPA was successfully transfected into HUVECs
The recombined adenovirus vector carried the
enhanced green fluorescent protein (EGFP) gene, which could be seen under a fluorescence
microscope after it was transfected. Most of
the cells in the overexpression group and the
empty vector group showed green fluorescence, but no green fluorescence was observed
in the blank control group after 48 h of transfection (MOI 50). It is suggested that the transfection was successful, and the transfection
efficiency was about 85±2.6% (Figure 1).
The overexpression of uPA promoted uPA
mRNA expression in the HUVECs
The expressions of the uPA mRNA were measured using a qPCR analysis after the cells
were transfected for 48 hours. The expression
of uPA mRNA in the overexpression group was
significantly higher than the expression of the
blank control and empty vector groups (P <
0.05), but there was no significant difference
between the blank control group and the empty
vector group (P > 0.05, Figure 2A).
The overexpression of uPA promoted uPA protein expression in the HUVECs
The expressions of the uPA protein were detected by Western blot analysis after the cells were
transfected for 48 hours. The uPA protein in the
HUVECs in the overexpression group was significantly higher than it was in the blank control
group and the empty vector group (P < 0.05).
However, there was no significant difference
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Figure 1. A recombined adenovirus vector carried the enhanced green fluorescent protein (EGFP) gene, which could
be seen under a fluorescence microscope after they were transfected. Most of the cells in the overexpression group
and the empty vector group showed green fluorescence, but no green fluorescence was observed in the blank control group 48 h after transfection (× 200).

Figure 2. The expressions of the uPA mRNA
(A) and the uPA protein (B, C) in the overexpression group was significantly higher than it
was in the empty vector group and the blank
control group after the cells were transfected
48 hours. *(P < 0.05 vs control groups).

between the blank control group and empty
vector group (P > 0.05, Figure 2B and 2C).

control group and the empty vector group (P >
0.05, Figure 3).

The overexpression of uPA promoted proliferation in the HUVECs

The overexpression of uPA promoted the secretions of MMP2, MMP9 and VEGF in the
HUVECs

The MTT results showed that the proliferation
of HUVECs in the overexpression group was significantly higher than it was in the empty vector
and blank control groups after the cells were
transfected 48 hours. (P < 0.05), but there was
no significant difference between the blank
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The secretions of MMP2, MMP9, and VEGF
were detected by ELISA after the cells were
transfected for 48 hours. The secretions of
MMP2, MMP9, and VEGF in the overexpression
group were significantly higher than they were
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The mechanism of DVT is
complex, and the important
reason behind DVT’s complexity is the injury of the
vascular wall. Vein endothelial cells, as the main component of the vascular wall,
can regulate the relationship between blood and blood vessels by providing
physical barriers on the one
hand, and by playing an
anti-thrombotic role by secreting fibrinolytic cytokines (such as uPA) [17]. Moreover, uPA, when combined with uPAR in vivo, can
Figure 3. The cell proliferation curve in the overexpression group was signifiactivate the signal transcantly higher than it was in the empty vector group and the blank control group
duction pathways that meafter the cells were transfected 48 hours. *(P < 0.05 vs control groups).
diate various cellular physiological processes and pain the HUVECs in the blank control and empty
rticipate in cell migration, adhesion, proliferation, and differentiation [18]. UPA is one of the
vector groups (P < 0.05). However, there was
most suitable thrombolytic agents in vivo.
no significant difference between the blank
Gene-level therapy for venous thrombosis has
control group and the empty vector group (P >
advantages that traditional therapy does not
0.05, Figure 4).
have. It can promote the secretion of endogeThe overexpression of uPA promoted uPA activnous uPA by its own tissue, leading to thromboity
lytic ablation. In the treatment of venous thrombosis, it is necessary not only to restore the
The uPA activity in the overexpression group
patency of blood vessels, but also to restore
(15343.830±716.499 IU/mg) was found to be
the endothelial cell intima of the venous wall
significantly increased compared with the ac[13]. Vascular endothelial growth factor (VEGF)
tivity in the blank control group (2107.040±
is a growth factor that can specifically act on
133.512 IU/mg) group and the empty vector
vascular endothelial cells and is a functional
group (2265.441±119.687 IU/mg) (P < 0.05).
protein that promotes vascular endothelial cell
However, there was no significant difference
proliferation [19, 20]. It is involved in thrombobetween the blank control group and the empty
embolization and in the intimal repair of venous
vector group (P > 0.05, Figure 5).
thrombosis [21].
Discussion
In this study, the results showed that the levels
of uPA mRNA and the proteins in the overexpression group were significantly higher, compared to the other groups, (P < 0.05). The cell
proliferation and uPA activity were increased
significantly in the overexpression group, compared to the other groups, (P < 0.05). It is suggested that we had recombined the adenovirus
vector carrying uPA and successfully transfected it into HUVECs. Exogenous uPA gene can
transcribe and secrete uPA proteins in HUVECs.
The overexpression of the uPA gene promoted
the proliferation and fibrinolytic activity of the
HUVECs.
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Stepanova V studies have shown that uPA promotes the secretion of VEGF [22]. Waltham et
al. transfected the expression plasmid containing the vascular endothelial growth factor gene
into the animal model of inferior vena cava
thrombosis and established a model of vascular recanalization after embolization [23]. Matrix metalloproteinases (MMPs) promote cell
invasion by degrading the extracellular matrix.
MMP 2 and MMP9 are important members of
its family and promote cell invasion and metastasis [24, 25]. Studies have shown that uPA can
promote cell invasion and angiogenesis by degrading the extracellular matrix and basement
membrane components, such as fibronectin,
laminin and collagen, when tissue secretes a
Int J Clin Exp Pathol 2019;12(8):2959-2966
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Figure 4. The expressions of MMP2 (A), MMP9 (B),
and VEGF (C) in the overexpression group were significantly higher than they were in the empty vector
group and the blank control group after the cells were
transfected 48 hours. *(P < 0.05 vs control groups).

and secrete the uPA protein in HUVECs. The
overexpression of uPA can increase cell proliferation and uPA activity. It can improve the
invasion and angiogenesis abilities in HUVECs
by promoting their secretions of MMP2, MMP9,
and VEGF. However, the thrombolytic process is
very complex in vivo. We have not carried out
animal experiments, and the specific effect is
not clear. We will further study the thrombolytic
effect on animal models.
Figure 5. The UPA activity in the overexpression
group was significantly higher than it was in the
empty vector group and the blank control group after
the cells were transfected 48 hours. *(P < 0.05 vs
control groups).

large amount of uPA [26-29]. Our study showed
that the secretions of MMP2, MMP9 and VEGF
in the overexpression group were significantly
higher than those in the other two groups (P <
0.05). These results suggest that the overexpression of uPA can improve the invasion and
angiogenesis abilities in HUVECs by promoting
their secretions of MMP2, MMP9, and VEGF.
Conclusion
We recombined an adenovirus vector carrying
uPA and successfully transfected it into HUVECs. The exogenous uPA gene can transcribe

2964

Acknowledgements
This work was supported by (a) the Natural
Science Research Project of Anhui Higher Education Institution, Anhui, PR China. (no. KJ2015B025by) and (b) the Fundamental Research
Program (Applied Foundational Research on
Medicine and Health) of Taicang, Jiangsu, PR
China. (no. TC2018JCYL17).
Disclosure of conflict of interest
None.
Address correspondence to: Guo-Jian Gu, Department of Pathology, Taicang Affiliated Hospital of
Soochow University, 58 South Changsheng Street, Taicang 215400, Jiangsu, PR China. Tel: +86512-53610208; Fax: +86-512-53610208; E-mail:
ggj1326@163.com

Int J Clin Exp Pathol 2019;12(8):2959-2966

uPA in HUVEC
References
[1]

Herrera S and Comerota AJ. Embolization during treatment of deep venous thrombosis: incidence, importance, and prevention. Tech Vasc
Interv Radiol 2011; 14: 58-64.
[2] Liew NC, Chang YH, Choi G, Chu PH, Gao X,
Gibbs H, Ho CO, Ibrahim H, Kim TK, Kritpracha
B, Lee LH, Lee L, Lee WY, Li YJ, Nicolaides AN,
Oh D, Pratama D, Ramakrishnan N, Robless
PA, Villarama-Alemany G, Wong R; Asian Venous Thrombosis Forum. Asian venous thromboembolism guidelines: prevention of venous
thromboembolism. Int Angiol 2012; 31: 501516.
[3] Huber MC, Mall R, Braselmann H, Feuchtinger
A, Molatore S, Lindner K, Walch A, Gross E,
Schmitt M, Falkenberg N and Aubele M. uPAR
enhances malignant potential of triple-negative breast cancer by directly interacting with
uPA and IGF1R. BMC Cancer 2016; 16: 615.
[4] Sasaki M, Inoue M, Katada Y and Taguchi T.
The effect of VEGF-immobilized nickel-free high-nitrogen stainless steel on viability and proliferation of vascular endothelial cells. Colloids
Surf B Biointerfaces 2012; 92: 1-8.
[5] de Munk GA, Groeneveld E and Rijken DC.
Acceleration of the thrombin inactivation of
single chain urokinase-type plasminogen activator (pro-urokinase) by thrombomodulin. J
Clin Invest 1991; 88: 1680-1684.
[6] Bolon I, Zhou HM, Charron Y, Wohlwend A and
Vassalli JD. Plasminogen mediates the pathological effects of urokinase-type plasminogen
activator overexpression. Am J Pathol 2004;
164: 2299-2304.
[7] Dosne AM, Dubor F and Samama M. Importance of plasminogen activator inhibitor type 1
(PAI-1) for preventing single chain urokinase
plasminogen activator (scu-PA) conversion into
two chain urokinase plasminogen activator
(tcu-PA) in plasma in vitro. Thromb Res 1991;
63: 531-539.
[8] Alfano D, Franco P, Vocca I, Gambi N, Pisa V,
Mancini A, Caputi M, Carriero MV, Iaccarino I
and Stoppelli MP. The urokinase plasminogen
activator and its receptor: role in cell growth
and apoptosis. Thromb Haemost 2005; 93:
205-211.
[9] Pusina S. Correlation of serum levels of urokinase activation plasminogen (uPA) and its inhibitor (PAI-1) with hormonal and HER-2 status
in the early invasive breast cancer. Med Arch
2018; 72: 335-340.
[10] Volker HU, Weigel M, Strehl A and Frey L. Levels
of uPA and PAI-1 in breast cancer and its correlation to Ki67-index and results of a 21-multigene-array. Diagn Pathol 2018; 13: 67.
[11] Kolodziejczyk-Czepas J, Pasinski B, Ponczek
MB, Moniuszko-Szajwaj B, Kowalczyk M, Pecio

2965

[12]

[13]

[14]

[15]

[16]

[17]

[18]
[19]

[20]

[21]

[22]

L, Nowak P and Stochmal A. Bufadienolides
from Kalanchoe daigremontiana modulate the
enzymatic activity of plasmin - in vitro and in
silico analyses. Int J Biol Macromol 2018; 120:
1591-1600.
de Munk GA, Groeneveld E and Rijken DC.
Acceleration of the thrombin inactivation of
single chain urokinase-type plasminogen activator (pro-urokinase) by thrombomodulin. J
Clin Invest 1991; 88: 1680-1684.
Baldwin JF, Sood V, Elfline MA, Luke CE, Dewyer
NA, Diaz JA, Myers DD, Wakefield T and Henke
PK. The role of urokinase plasminogen activator and plasmin activator inhibitor-1 on vein
wall remodeling in experimental deep vein
thrombosis. J Vasc Surg 2012; 56: 1089-1097.
Hamel E, Pacouret G, Vincentelli D, Forissier
JF, Peycher P, Pottier JM and Charbonnier B.
Thrombolysis or heparin therapy in massive
pulmonary embolism with right ventricular dilation: results from a 128-patient monocenter
registry. Chest 2001; 120: 120-125.
Xu ST, Xiong JP, Gu GJ, Meng S and Ma YC.
RNAi-mediated knockdown of skp2 inhibits human bladder cancer proliferation and invasion
in T24 cells. Iran Red Crescent Med J 2017;
19: e28947.
Xu ST, Ding X, Ni QF and Jin SJ. Targeting
MACC1 by RNA interference inhibits proliferation and invasion of bladder urothelial carcinoma in T24 cells. Int J Clin Exp Pathol 2015;
8: 7937-7944.
Moia M, Mannucci PM, Pini M, Prandoni P and
Gurewich V. A pilot study of pro-urokinase in
the treatment of deep vein thrombosis. Thromb
Haemost 1994; 72: 430-433.
Blasi F and Carmeliet P. uPAR: a versatile signalling orchestrator. Nat Rev Mol Cell Biol
2002; 3: 932-943.
Sasaki M, Inoue M, Katada Y and Taguchi T.
The effect of VEGF-immobilized nickel-free
high-nitrogen stainless steel on viability and
proliferation of vascular endothelial cells.
Colloids Surf B Biointerfaces 2012; 92: 1-8.
Kase S, Kikuchi I and Ishida S. Expression of
VEGF in human conjunctival melanoma analyzed with immunohistochemistry. Clin Ophthalmol 2018; 12: 2363-2367.
Nosaka M, Ishida Y, Kimura A, Kuninaka Y, Inui
M, Mukaida N and Kondo T. Absence of IFNgamma accelerates thrombus resolution through enhanced MMP-9 and VEGF expression
in mice. J Clin Invest 2011; 121: 2911-2920.
Stepanova V, Jayaraman PS, Zaitsev SV, Lebedeva T, Bdeir K, Kershaw R, Holman KR,
Parfyonova YV, Semina EV, Beloglazova IB,
Tkachuk VA and Cines DB. Urokinase-type
plasminogen activator (uPA) promotes angiogenesis by attenuating proline-rich homeodomain protein (PRH) transcription factor activity

Int J Clin Exp Pathol 2019;12(8):2959-2966

uPA in HUVEC

[23]

[24]

[25]

[26]

and de-repressing vascular endothelial growth
factor (VEGF) receptor expression. J Biol Chem
2016; 291: 15029-15045.
Waltham M, Burnand K, Fenske C, Modarai B,
Humphries J and Smith A. Vascular endothelial
growth factor naked DNA gene transfer enhances thrombus recanalization and resolution. J Vasc Surg 2005; 42: 1183-1189.
Tang J, Wang J, Fan L, Li X, Liu N, Luo W, Wang
J, Wang Y and Wang Y. cRGD inhibits vasculogenic mimicry formation by down-regulating
uPA expression and reducing EMT in ovarian
cancer. Oncotarget 2016; 7: 24050-24062.
Liu X, Su P, Meng S, Aschner M, Cao Y, Luo W,
Zheng G and Liu M. Role of matrix metalloproteinase-2/9 (MMP2/9) in lead-induced changes in an in vitro blood-brain barrier model. Int J
Biol Sci 2017; 13: 1351-1360.
Raghu H, Gondi CS, Dinh DH, Gujrati M and
Rao JS. Specific knockdown of uPA/uPAR attenuates invasion in glioblastoma cells and
xenografts by inhibition of cleavage and trafficking of Notch -1 receptor. Mol Cancer 2011;
10: 130.

2966

[27] Serpa MS, Mafra RP, Queiroz SIML, Silva LPD,
Souza LB, Pinto LP. Expression of urokinasetype plasminogen activator and its receptor in
squamous cell carcinoma of the oral tongue.
Braz Oral Res 2018; 32: e93.
[28] Moirangthem A, Bondhopadhyay B, Mukherjee
M, Bandyopadhyay A, Mukherjee N, Konar K,
Bhattacharya S and Basu A. Simultaneous knockdown of uPA and MMP9 can reduce breast
cancer progression by increasing cell-cell adhesion and modulating EMT genes. Sci Rep
2016; 6: 21903.
[29] Li H and Chen C. Quercetin has antimetastatic
effects on gastric cancer cells via the interruption of uPA/uPAR function by modulating NFkappab, PKC-delta, ERK1/2, and AMPKalpha.
Integr Cancer Ther 2018; 17: 511-523.

Int J Clin Exp Pathol 2019;12(8):2959-2966

