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Abstract

Background/Aims: Bradykinin has been shown to exert a variety of protective effects against
vascular injury, and to reduce the levels of several factors involved in the coagulation cascade.
A key determinant of thrombin generation is tissue factor (TF). However, whether bradykinin
can regulate TF expression remains to be investigated. Methods: To study the effect of
bradykinin on TF expression, we used Lipopolysaccharides (LPS) to induce TF expression in
human umbilical vein endothelial cells and monocytes. Transcript levels were determined
by RT-PCR, protein abundance by Western blotting. In the in vivo study, bradykinin and
equal saline were intraperitoneally injected into mice for three days ahead of inferior cava
vein ligation that we took to induce thrombus formation, after which bradykinin and saline
were injected for another two days. Eventually, the mice were sacrificed and tissues were
harvested for tests. Results: Exogenous bradykinin markedly inhibited TF expression in mRNA
and protein level induced by LPS in a dose-dependent manner. Moreover, the NO synthase
antagonist L-NAME and PI3K inhibitor LY294002 dramatically abolished the inhibitory effects
of bradykinin on tissue factor expression. PI3K/Akt signaling pathway activation induced by
bradykinin administration reduced the activity of GSK-3p and MAPK, and reduced NF-«B level
in the nucleus, thereby inhibiting TF expression. Consistent with this, intraperitoneal injection
of C57/BL6 mice with bradykinin also inhibited the thrombus formation induced by ligation
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of inferior vena cava. Conclusion: Bradykinin suppressed TF protein expression in human
umbilical vein endothelial cells and monocytes in vitro; in line with this, it inhibits thrombus
formation induced by ligation of inferior vena cava in vivo.

Copyright © 2015 S. Karger AG, Basel

Introduction

Accompanied with the changing lifestyle, venous thromboembolism (VTE) is becoming
increasingly prevalent and poses a burden on health economy. In spite of this enormous
disease burden, little is known about its pathophysiology, which is in marked contrast
with arterial thrombosis. VTE is comprised of deep vein thrombosis (DVT) and pulmonary
embolism (PE), which can occur in any sections of the venous system, but arises most
frequently in the deep veins of the lower extremity. Cases in the upper limbs and ‘unusual
sites’, such as mesenteric veins, constitute just less than 10% [1]. Since 1856, Virchow has
postulated that damage of the vessel wall, alterations in the flow, and hypercoagulability of
the blood are the three main causes of thrombus formation [2]. A thrombus either arises
spontaneously or is caused by clinical conditions including surgery, trauma, or prolonged
bed rest. Timely management of DVT is especially important, because embolization of the
thrombus to the lung can be fatal.

Tissue factor (TF), the main initiator of the physiological coagulation cascade, is a
critical determinant of thrombin generation. It is also essential for embryo development
and maintenance of vascular integrity and tissue repair [3-5]. Cellular TF is present in three
pools as surface, soluble encrypted and intracellular protein. In contrast, TF circulates in
normal plasma, both associated with cell-derived membrane micro vesicles and as a soluble,
alternatively spliced form which was referred as circulating or blood-borne TF[6]. The
relative importance of circulating versus vessel wall TF in the pathogenesis of thrombosis is
controversy [7]. Under normal conditions, TF is highly expressed by cells which are not in
contact with the blood, such as smooth muscle cells, mesenchymal and epithelial cells [8]. In
contrast, in endothelial cells and monocytes, TF is either expressed at a very low level or in
an inactive (so-called encrypted) form [9]; as a consequence, there is no appreciable contact
of cellular TF with the circulating blood. Nevertheless, TF expression can be significantly
increased by various inflammatory stimuli, such as Lipopolysaccharides (LPS), IL-1f3, and
tumor necrosis factor-a (TNF-a) [9, 10]. Tissue factor (TF)-bearing micro vesicles that arise
from cells of monocyte/macrophage lineage can fuse with activated endothelial cells and
initiate blood coagulation [11]. Hence therapeutic strategies specifically targeting TF and its
effectors appear to be an attractive target for the treatment of deep vein thrombosis.

The kallikrein-kinin system (KKS) is a complex multi-enzyme system which is composed
of circulating and tissue KKS [12]. As a member of the KKS, bradykinin has been shown to
possess a variety of beneficial effects against insults, including the suppression of oxidative
stress [13, 14]. Increasing evidences indicate that the circulating KKS plays critical roles
in coagulation and fibrinolysis [15, 16]. Previous studies revealed that by binding to the
constitutive bradykinin B2 receptor in the intravascular compartment, bradykinin promotes
prostacyclin and plasmin formation and tissue plasminogen activator (t-PA) liberation[17].
Consistent with this, William D suggested that bradykinin binding to a-thrombin would
substantially reduce the fibrinogen to fibrin conversion and inhibit clot formation [18]. It
has also been established that L-Arginine, the principal substrate for nitric oxide synthases,
suppressed the induction of TF activity and increased fibrinolysis significantly [19]. Another
study revealed that endothelium-derived NO, through its vasodilator and anti-aggregatory
properties, can prevent vasospasm and thrombus formation in the circulation [20]. However,
whether bradykinin is involved in TF expression regulation and deep vein thrombosis still
remains unknown. This study was therefore designed to investigate the effect of bradykinin
on TF expression and thrombus formation in vitro and in vivo.
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Material and Methods

Reagents

Lipopolysaccharide (Escherichia Coli 0111:B4) and bradykinin were from Sigma-Aldrich (St.
Louis, MO). HOE-140 and N-methyl- L-arginine acetate salt were bought from Sigma-Aldrich. Rabbit
monoclonal antibodies against human tissue factor (for western blotting) and mouse tissue factor (for
immunohistochemistry) were from Epitomic. Plasma TF activities were measured using an Assay Sense TF
Chromogenic Activity Assay kit (Assaypro, St. Charles, MO). Antibodies for western blotting, including rabbit
anti -p38(T-P38), anti-phospho-p38 (P-P38), anti-extracellular signal-regulated kinase (T-ERK1/2), anti-
phospho-ERK1/2 (P-ERK1/2), anti-JNK (T-JNK), anti-phospho-JNK (P-JNK), anti-Pi3kinase (PI3K), anti-AKT
(T-AKT), anti-phospho-AKT T308 (P-AKT), anti -GSK3f (T-GSK3f), and anti-phospho-GSK-3 (P-GSK3p) as
well as mouse anti-actin were purchased from Cell Signaling Technology. Antibody against Fibrin Il beta was
from Accurate Chemical & Scientific Corp (Westbury, NY). All second antibodies were purchased from Santa
Cruz Biotechnology (Santa Cruz, CA). All other chemicals and reagents were purchased from Sigma-Aldrich
unless otherwise specified.

Cell lines and cell culture

The Human Umbilical Vein Endothelial cells (HUVEC) were purchased from ATCC. Cells were grown
in RPMI 1640 (Gibco) medium, supplemented with 10% fetal bovine serum (FBS), 100 U/ml penicillin and
100 ug/ml streptomycin in a humidified atmosphere of 5% CO2 at 37°C. The cells in the logarithmic phase
of growth were used in all experiments described below. Monocyte cells THP-1 was also obtained from ATCC
and maintained in DMEM with 10% heat-inactivated FBS.

TF activity assay
The TF activity in the plasma was determined by one stage clotting assay according to the
manufacturer’s instructions.

Western blotting analysis

Cellular protein was extracted with RIPA lysis buffer and the concentrations were measured by using
BCA Protein Assay Reagent. Protein samples (20 pg/lane) were separated by 10% SDS-PAGE, and then
electrophoretically transferred to PVDF membranes. The membranes were blocked, and then incubated
with primary antibodies overnight at 4°C, followed by secondary antibodies against rabbit or mouse IgG
conjugated to horseradish peroxidase (1:3000) for 2 hours at room temperature. Finally, after developed
with ECL detection reagents, the protein bands of membranes were visualized by exposure to x-ray film.
Protein expression was quantified by densitometry and normalized to 3-actin expression.

Real-time PCR

Total RNA from cultured cells or frozen samples were extracted with trizol reagent (Invitrogen,
Carlsbad, CA), followed by the synthesis of cDNA. Real-time quantitative PCRs were performed using the
SYBR-green I Core Kit. The primers were obtained from Qiagen as Table 1 indicates. PCR products were
detected in the ABI-PRISM 7700 sequence detection system (Applied Biosystems), and the results were
analyzed using the 24" method [21]. The level of expression of mRNA was normalized to $-actin mRNA.

Table 1. The sequence of primers

Forward Reverse
TNFa F 5'-ACGGCATGGATCTCAAAGAC-3' R 5'-GTGGGTGAGGAGCACGTAGT-3'
IL-18 F 5'-TCACAGCAGCACATCAACAA-3’ R 5"-TGTCCTCATCCTGGAAGGTC-3’
actin F 5-GCAGCTCCTTCGTTGCCGGT-3’ R 5'-ACATGCCGGAGCCGTTGTCG-3'
TF F 5'-TGACCTCACCGACGAGATTGTGAA-3 R5'TCTGAATTGTTGGCTGTCCGAGGT3
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Animals

C57BL/6] mice were purchased from SLAC Laboratory Animal Co, Ltd (Shanghai, China). All procedures
were approved by the Animal Research Ethics Board at Huazhong University of Science and Technology
and conformed to Directive 2010/63/EU of the European Parliament. Mice were randomly divided into
3 groups: Sham, Model and Bradykinin. Before surgical procedure, the mice of bradykinin group were
intraperitoneally injected with bradykinin (10 mg/kg/d) once a day for three days. On the fourth day, after
anesthetization by intraperitoneal injection with 60 mg/kg of pentobarbital, the ligation of inferior vena
cava (IVC) was executed via a midline laparotomy, dissected at the level of the renal veins, and then ligated
below the renal veins as previously described [22]. After ligation, the mice received bradykinin injection
for another two days and analgesic therapy was performed using buprenorphine at 0.1 mg/kg body weight
for 3 days. The mice in other groups received equal saline as control. Sham animals underwent the same
surgical procedures except for IVC ligation. If the dissection was traumatic or the IVC was ruptured during
surgery, mice were excluded for further studies. 48 hours later, mice were euthanized by introperitonial
injection with 100 mg/kg of pentobarbital, and the thrombosed IVC were collected, weighed, and measured
for length after blood sampling [23]. The samples were snap-frozen or stored for histological analysis.

Statistical analysis

All data were shown as mean # standard deviation (SD). Comparisons between groups were
performed by a one-way analysis of ANOVA with post hoc analyses performed using the Student-Newman-
Keuls method and the level for significant statistical differences was set at P < 0.05.

Results

Bradykinin suppressed LPS-induced tissue factor expression in HUVECs and human

monocytes

To determine whether bradykinin regulates TF expression in endothelial cells, Confluent
cells were pretreated with bradykinin at various concentrations for 6 hours, after which
LPS was used to induce tissue factor expression. HUVECs were harvested 4 hours after LPS
treatment. As expected, LPS significantly induced TF expression in protein and mRNA level
in a dose dependent manner in HUVECs as shown in Fig. 1A and 1B. TF expression induced
by LPS (1.0 pg/ml) was higher than that induced by LPS (0.1 pg/ml) (Fig. 1A and 1B), so LPS
(1.0 pg/ml) was used to induce TF expression in the following experiments. As shown in
Fig. 1C and 1D, Bradykinin significantly prevented TF expression induced by LPS in protein
and mRNA level in a dose dependent manner. In addition, bradykinin (10-° mol/1) obviously
inhibited TF expression in protein and mRNA level (Fig. 1C and 1D), and bradykinin (10
mol/1) was selected to explore the effects of bradykinin on TF expression in the following
experiments. Taken together, these data indicated that bradykinin prevented TF expression
induced by LPS in HUVECs.

Previous data indicated that monocytes derived TF was also involved in the pathogenesis
of deep vein thrombosis [24]. As shown in Fig. 1E and 1F, Bradykinin significantly prevented
TF expression induced by LPS in protein and mRNA level in a dose dependent manner
in cultured THP-1 cells. Collectively, these data indicated that bradykinin prevented TF
expression induced by LPS in monocytes.

The inhibitory effect of bradykinin on tissue factor expression is dependent of PI3K/AKT

and MAPK signaling

Previous data indicated that PI3K/Akt signaling pathway negatively regulated TF
expression in vitro and in vivo [25]. We explored whether bradykinin inhibited LPS-induced
TF expression via activating PI3K/Akt signaling pathway. As expected, PI3K inhibitor
LY294002 abolished the inhibitory effects of bradykinin on tissue factor expression in
HUVECs and monocytes as shown in Fig. 2A and 3A. Furthermore, under resting conditions,
bradykinin increased Akt phosphorylation in HUVECs (Fig. 2B) and monocytes (Fig. 3B).
The PI3K inhibitor LY294002 blocked the activation of Akt by bradykinin, indicating that
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Fig. 1. Bradykinin suppresses LPS-induced TF expression in HUVEC. (A) and (B): HUVEC were treated with
LPS at various concentrations for 6 hours, and we observed that LPS induced TF expression peaked at 1pg/
mL; (C) and (D): HUVEC were pretreated with bradykinin for 1 hour at various concentrations, followed
by stimulation with LPS at 1 pg/mL for 6 hours. The western and real-time PCR revealed that Bradykinin
reduced LPS induced TF expression dose dependently. (E) and (F): Effect of bradykinin on LPS induced TF
expression in THP-1. Data are shown as means +SEM of 3 independent experiments. P < 0.05 vs control;
#P<0.05and *P < 0.05 vs LPS.

Akt phosphorylation in bradykinin-treated cells is attributable to bradykinin-mediated
PI3K activation. GSK-3f, a crucial molecule for p65 phosphorylation, is one downstream
phosphorylation target of Akt [25]. Bradykinin treatment increased the levels of phosphor-
GSK3p in HUVECs and monocytes under both resting and LPS-treated conditions (Fig. 2C
and 3C), thus inhibited the disassociation of p65 from IkBa and its translocation to nuclear
as Fig. 4B indicated. Extracellular signal-regulated kinase (ERK), an important MAPK for TF
expression, is the target of the Raf-1 pathway, the latter is regulated by PI3K/Akt signaling
[26]. In HUVECs and monocytes, LPS treatment markedly upregulated phosphor-ERK level,
and ERK phosphorylation was significantly inhibited by bradykinin (Fig. 2E and 2E). In
addition, P38BMAPK and JNK phosphorylation was also upregulated by LPS, and moreover, the
phosphor-P38MAPK and phosphor-]NK level was also dramatically inhibited by bradykinin
in HUVECs and monocytes (Fig. 2D, F and Fig. 3D, F). Interestingly, PI3K inhibitor LY294002
administration efficiently abolished the effects of bradykinin on phosphor-P38MAPK and
phosphor-]NK level as well as TF expression as shown in Fig. 2 and 3. Thus, the PI3K/Akt
pathway is critically involved in the inhibitory effect of bradykinin on TF expression in
HUVECs and monocytes.

Previous study indicated that transcription factors NF-kB activation was involved in
tissue factor expression [27]. We examined whether NF-kB participated in the inhibitory
effects of bradykinin on tissue factor expression in HUVECs and monocytes. Interestingly,
LPS markedly reduced IkBa expression, and increased nuclear NF-kB level in HUVECs and

KARGER

1596

Downloaded by

Univ. of California San Diego

132.239.1.231

- 3/21/2017 4:16:53 PM



Cellular Phy5|ology Cell Physiol Biochem 2015;37:1592-1606

DOI: 10.1159/000438526

© 2015 S. Karger AG, Basel
www.karger.com/cpb

and B|ochem|stry Published online: November 02, 2015

Dong et al: Bradykinin Inhibited Tissue Factor Induction and Deep Vein Thrombosis

C
......Lwﬂlileﬂﬁmw.ﬂN""
= =y =
£ s ¥ 15 # Si1s
#
@ ; : b
a. ~ T
15 = A
o 4 % 10 S0 2
= v & ¥
5 < :
= 05 Los ! 0.5
3 = &
5 ~ 2
§ 0o 2 5
o 7 0.0 T T T T T 0.0 T T T T T
2 \ 'L 5 z
= Coﬁ\"‘o \XC" %\L g&* ,qu«QQ fa] (\x@\ \,\’% o XQ‘(” D(Q@’ 'z X \XC" o= x%\L D‘Q@’
z W ¥ \)Q% o 9 2 \)Q% 9
oF Q,‘(~X N
35 o o
D S E N F N
P-P38
T-P38 2
g 20 g 20 %2.0 g
I & = & = P
E 5 ¥ S 1.5 * 215
T o
%, 10 # E 1.0 # # E 1.0
5 # g 05 .% 03 - :
Al 2] =1 @[]
% > &
5 0.0 T T T T 7 00 T T T T T z 0.0 T T T
o £ g N IR T s\
S I N 2 S 3 oF o @ = B R S A RS LN
NSRS S - e S\ o) NI S - e - g\ N o™ S 9
3O A% \,Q%X ,)9& O v \S%X ,Lgbx (¢ \X (:(\:{q/
& & »?Q“'X%
A% W

Fig. 2. BK reduced TF expression induced by LPS via activating PI3K/AKT and MAPK signaling pathways
in HUVEC. HUVEC were pretreated with bradykinin (1 x 10 mol/L) for 1 hour, followed by stimulation
with LPS at 1 ug/mL for 2 hours, ahead of which the PI3K inhibitor LY294002 has been added and then
the protein was harvested. The expression of signaling molecules was detected by western blot. (A): LPS
induced TF expression is attenuated by bradykinin, which is blocked by PI3K inhibitor LY294002; (B): BK
and LPS induced AKT phosphorylation under resting condition, and the AKT phosphorylation is blocked by
LY294002; (C): LPS reduced the GSK3p phosphorylation and this is reversed by bradykinin preincubation,
which is also inhibited by LY294002; (D-F): LPS activated MAPK (P38 /JNK/ERK), and bradykinin suppressed
this trend, which is interrupted by LY294002. The intensity of each band was quantified by densitometry and
expressed as folds of untreated control cells Data are shown as means +SEM of 3 independent experiments.
P < 0.05 vs control; #P < 0.05 vs LPS; #P<0.05 vs LPS+BK.

monocytes, and moreover, bradykinin treatment prevented the decrease in IkBa expression
and the increase in nuclear NF-«B level as shown in Fig. 4A, 4B, 4C and 4D. As expected, PI3K
inhibitor LY294002 administration significantly and partly abolished the beneficial effects
of bradykinin on NF-«kB transcriptional activity indirectly characterized by changes in IKB«
and nuclear NF-«kB level (Fig. 4A, 4B, 4C and 4D) and subsequent TF expression as shown in
Fig. 2A and 3A. Collectively, these data indirectly indicated that bradykinin inhibited tissue
factor expression via regulating NF-«kB-mediated tissue factor transcription in HUVECs and
monocytes.

Bradykinin inhibits tissue factor expression by BK B2 receptor-mediated NO release

Bradykinin receptors are mainly divided pharmacologically into two subtypes, B1 and
B2. Previous data indicate that most of the known actions of bradykinin (BK) are mediated
via B2 receptors [28]. To check whether the protective effect against tissue factor expression
is also dependent on the BK B2 receptor, the effect of the BK B2 receptor antagonist HOE-140
(1 pmol/L) on the reduction of TF expression by BK was explored in HUVECs and monocytes.
HOE-140 administration totally blocked the beneficial effect of bradykinin on TF expression,
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Fig. 3. BK inhibited TF expression induced by LPS via activating PI3K/AKT and MAPK signaling pathways in
THP-1 cells. (A): LPS induced TF expression is attenuated by bradykinin, which is blocked by PI3K inhibitor
LY294002; (B): BK and LPS induced AKT phosphorylation under resting condition, and the AKT phospho-
rylation is blocked by LY294002; (C): LPS reduced the GSK3{ phosphorylation and this is reversed by bra-
dykinin preincubation, which is also inhibited by LY294002; (D-F): LPS activated MAPK (P38/JNK/ERK) in
THP-1, and bradykinin suppressed this trend, which is interrupted by LY294002. The intensity of each band
was quantified by densitometry and expressed as folds of untreated control cells Data are shown as means
+ SEM of 3 independent experiment“P<0.05 vs control; # P < 0.05 vs LPS; ¢ P < 0.05 vs LPS+BK.

and moreover PI3K, phosphor-AKT and phosphor-GSK-3f3 level were also abolished by HOE-
140 treatment (Fig. 5 and 6). Additionally, bradykinin B2 receptor activation leads to the
release of NO [28], we also investigated whether NO was involved in the beneficial effects
of bradykinin on TF expression. N-methyl- L-arginine acetate salt (L-NAME 10 pmol/L)
treatment totally blocked the beneficial effect of bradykinin on TF expression, and moreover
PI3K, phosphor-AKT and phosphor-GSK-3f level were also abolished by L-NAME treatment
(Fig. 5 and 6). These data suggested that NO was the upstream target of PI3K/AKT signaling
pathway, which was involved in the inhibitory effects of bradykinin on TF expression.
Collectively, these results indicated that bradykinin inhibited HUVECs and monocytes TF
expression induced by LPS via activation of eNOS-NO-PI3K/AKT-ERK signaling pathways.

Bradykinin restrains thrombosis by reducing tissue factor expression induced by

inflammation.

TF is also involved in the formation of deep vein thrombosis [29]. Using a mouse model
of deep vein thrombosis, we explored whether bradykinin could affect thrombus formation.
We injected bradykinin intraperitoneally into C57BL/6] mice for three days before ligation of
inferior vena cava, and injection of bradykinin was continued for another 2 days after surgical
procedure until sacrifice. Interestingly, Mice treated with vehicle had large thrombi in their
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Fig. 4. Role of the NF-xB pathways in bradykinin down-regulated TF expression in endothelial cells and
monocytes. Cytosol and Nuclear protein was extracted from HUVEC (A-B) or monocytes (C-D) 2 hours after
treatment with LPS (1 pg/mL) or LPS and bradykinin(1 x 10°mol/L) with LY294002(10 pmol/L) pretreat-
ment. (A) and (C): LPS reduced IkB expression in cytoplasm, bradykinin prevent LPS induced [kB phospho-
rylation, and this trend is interrupted by LY294002; (B) and (D): LPS induced NF-kB activation in nuclear
is inhibited by bradykinin, and this is blocked by LY294002 .The intensity of each band was quantified by
densitometry and expressed as folds of untreated control cells. Data are shown as means +SEM of 3 inde-
pendent experiments.’P < 0.05 vs control; # P < 0.05 vs LPS; &P < 0.05 vs LPS+BK.

inferior vena cava, whereas mice treated with bradykinin had very small thrombi in their
ligated inferior vena cava as shown in Fig. 7A. This beneficial effect was further confirmed
by reduced TF activity and TF mRNA (Fig. 7B and C) in thrombi and fibrin expression in liver
(Fig. 7D).

The coagulation factor, TF, plays a pivotal role in the formation of deep vein thrombosis.
Bradykinin treatment markedly reduced TF expression in thrombi as shown in Fig. 7E.
Interestingly, the level of other inflammatory factors (P-selectin, VCAM-1, ICAM-1) in thrombi
of mice treated with bradykinin was significantly lower than that treated with vehicle (Fig.
7E). These data indicated that exogenous bradykinin significantly inhibited macrophage
derived TF expression and myeloid cells adhesion to the vessel wall via reduced P-selectin,
VCAM-1 and ICAM-1 expression. Meanwhile, the P13K/AKT expression in the vascular wall is
also elevated (Fig. 7F and 7G), which again prove the involvement of the PI3K/AKT signaling
pathway in the regulation of tissue factor expression.
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Fig. 5. Bradykinin inhibited tissue factor expression of endothelial cells by BK B2 receptor-mediated NO
release. BK was given 30 minutes before the induction of tissue factor expression. The B2R antagonist HOE-
140 (1 pmol/1) and eNOS inhibitor N*-methyl-L-arginine acetate salt (L-NAME) (10 pmol/l) were added 30
minutes before BK treatment, after which BK was added without replacing the medium.6 hours after LPS
treatment, cells were harvested for detection. (A): bradykinin suppressed LPS induced TF expression, and
this effect is almost completely blocked by HOE-140 and L-NAME, while PI3K exhibit an opposite expres-
sion; (B)-(C): bradykinin reversed LPS reduced AKT and GAK3[3 phosphorylation, which was restrained by
HOE-140 and L-NAME. At least 3 separate experiments were performed per treatment. Data are shown as
means + SEM of 3 independent experiments.’P < 0.05 vs control; #P < 0.05 vs LPS; &P < 0.05 vs LPS+BK.

Discussion

In the present study, our data demonstrated that bradykinin inhibited TF expression
in endothelial cells and in monocytes/macrophages via activation of the eNOS PI3K/Akt
signaling pathway. PI3K/Akt signaling pathway reduced the activity of MAPK and GSK-3§,
and suppressed NF-kB transcriptional activity, thereby inhibiting TF expression. Importantly,
exogenous bradykinin attenuated deep vein thrombosis via reduced TF expression and
myeloid cells adhesion to the vessel wall in the mouse model.

Previous studies have demonstrated that the cytokines are intimately associated with
TF expression and thrombus formation [30]. Leukocytes can be tethered to P- or E-selectin
expressed on activated endothelial cells, and such interactions can promote the transfer
of TF to induce thrombosis [9, 26]. Monocytes are the primary source of TF in the stasis
induced thrombus formation although endothelial cells also express some TF [31]. LPS
treatment could also stimulate TF expression in human umbilical vein endothelial cells and
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Fig. 6. Bradykinin inhibited tissue factor expression of monocytes by BK B2 receptor-mediated NO relea-
se. Data are shown as means + SEM of 3 independent experiments.’P < 0.05 vs control; ¥P < 0.05 vs LPS;
&P < 0.05 vs LPS+BK.

human peripheral blood monocytes [29]. Kallikrein treatment through kinin B2 receptor
activation reduced MAPK and Ikappa-Balpha phosphorylation, NF-kB activation and MCP-1
and VCAM-1 expression [29]. In this study, bradykinin exhibited a consistent inhibitory effect
on LPS induced TF protein expression in both monocytes and HUVECs in a dose dependent
fashion. Moreover, bradykinin treatment also decreased plasma TF level and reduced deep
vein thrombosis in mice treated with ligation of inferior vena cava. Under inflammatory
conditions, activated endothelial cells heighten the expression of cell adhesion molecules
(CAM), including ICAM-1, VCAM-1, and P-selectin. Leukocytes attach to activated endothelial
cells via adhesion molecules which interact with their ligands present on the leukocytes
[25, 32]. A number of studies have shown that engagement and cross-linking of the counter
receptors for several adhesion molecules, such as intercellular adhesion molecule-1, vascular
cell adhesion molecule-1, E-selectin, and P-selectin, will result in transcription of the TF gene
and subsequent surface expression of the protein[26, 33]. Previous studies have shown that
interference with both P-selectin and E-selectin should have a beneficial effect on decreasing
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Fig. 7. Bradykinin restrains thrombosis by reducing tissue factor expression induced by inflammation. (A):
The size of thrombus in the bradykinin treated team was much smaller than that of the Mode team; (B): The
TF activity in the plasma of bradykinin treated team was much lower than that of the Mode team. (C):The
relative TF/PI3K/AKT mRNA expression of vascular wall; (D): Ligation of inferior vein cava induced Fibrin
expression of liver, while bradykinin attenuated this trend; (E):The inferior vein cava ligation induced ex-
pression of TF, VCAM-1, ICAM-1 and P-selectin by endothelial cells was also reduced by bradykinin (100
x magnification); (F-G): The western blot revealed that the bradykinin reduced the inferior vein cava liga-
tion induced tissue factor expression by upregulating PI3K and AKT expression. n = 8,"P < 0.05 vs Sham;
#P < 0.05 vs Model.

clot formation during venous thrombosis[34]. Interestingly, in the present study, bradykinin
inhibited the LPS-induced expression of pro-inflamatory mediators such as TNF-a, IL-1,
P-selectin and E-selectin in endothelial cells, as well as monocytes activation characterized
by inflammatory cytokines expression, which indicated that exogenous bradykinin inhibited
the adhesion of leukocytes to the endothelium. It is also speculated that bradykinin inhibited
TF expression via reduced adhesion molecules expression, and thus broke the vicious circle
in the deep vein thrombosis. Collectively, these data demonstrated that exogenous bradykinin
prevented deep vein thrombosis via reduced monocytes and HUVECs TF expression and
adhesion of leukocytes to the endothelium.

Furthermore, the angiotensin-converting enzyme breakdown product of bradykinin,
Arg-Pro-Pro-Gly-Phe (RPPGF), is a stable metabolite of bradykinin [35, 36], and this
peptide has biological activity [37]. Further study indicated that RPPGF inhibited both a-
and B-thrombin-induced platelet aggregation and secretion via binding to the active site of
thrombin and the extracellular domain of PAR1 to prevent thrombin cleavage after Arg41
[18, 38]. Thus, it is speculated that the inhibitory effects of bradykinin metabolite RPPGF on
both a- and 3-thrombin-induced platelet aggregation and secretion may be partly involved
in the beneficial effects of bradykinin on deep vein thrombosis.
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In addition, the rapid development of DVT after IVC ligation reflects a combination of
stasis-induced vein wallinjuryand enhanced TF expressionin endothelial cellsand leukocytes
[9]. Furthermore, once venous thrombosis begins, an acute to chronic inflammatory
response occurs in the thrombus and vein wall which leads to thrombus amplification.
Proinflammatory cytokines such as TNF-a and IL-13 were indeed increased at the occlusion
site, which are potent inducer of monocyte-derived TF-bearing micro vesicles. TF-bearing
micro vesicles are central in the pathogenesis of DVT in disease states in which monocytes
are stimulated to express TF [11]. Whether bradykinin inhibited deep vein thrombosis via
reduced TF-bearing micro vesicles level and activity remains to be further elucidated.

The p38MAPK, p44/42MAPK, and c-jun terminal NH2-kinase (JNK) are involved in
LPS-induced, TNF-a induced, histamine-induced, and thrombin-induced TF expression [39].
These signal transduction molecules stimulate the TF promoter by activating transcription
factors such as nuclear factor (NF)-kB, ultimately resulting in up-regulation of TF mRNA [40].
Unlike MAP kinases, however, the PI3-kinase pathway negatively regulates TF expression
[29, 31]. Bradykinin limited myocardial infarction induced by ischemia-reperfusion injury
via PI3K/Akt/eNOS signaling pathway in mouse heart [29]. Bradykinin inhibited oxidative
stress-induced cardiomyocytes senescence by acting through BK B2 receptor induced
NO release [14]. In this study, the PI3K inhibitor LY294002 blocked the activation of Akt
by bradykinin, and thus abolished the inhibitory effects of bradykinin on tissue factor
expression. HOE-140 administration totally blocked the beneficial effect of bradykinin on
TF expression, and moreover PI3K, phosphor-AKT and GSK-3( level were also abolished by
HOE-140 treatment. Additionally, N-methyl- L-arginine acetate salt (L-NAME 10 pmol/L)
treatment totally blocked the beneficial effect of bradykinin on TF expression, and moreover
PI3K, phosphor-AKT and GSK-3f level were also abolished by L-NAME treatment. Exogenous
bradykinin inhibited NF-«xB translocation to the neucleus, concomitantly with the inhibition
of TE. These data indicated that bradykinin inhibited TF expression via activating BK B2
receptor/eNOS/PI3K/AKT/GSK-33/NF-kB signaling pathway. However, B2R makes a
complex with eNOS, and L-NAME may bind eNOS inhibiting BK binding to B2R. Thus whether
this point was involved in this study remains unkown, and it warrants further investigation.

In addition, there exists a cross-talk between the MAPK and the PI3K pathway on LPS-
induced TF expression [41], our in vitro studies indicated that major targets of the PI3K-
Akt pathways were the MAPK pathways. Inhibition of the PI3K-Akt pathway was likely to
enhance LPS induced activation of the MAPK pathway and the subsequent expression of
proinflammatory and procoagulant molecules. The PI3K-Akt pathway also inhibited NF-kB
activity [31]. Thus drugs targeting the activation of the PI3K-Akt pathway may limit LPS-
induced TF expression and thrombus formation. However, some other studies indicate that
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PI3K is required for activation of NF-kB in mouse macrophages and human endothelial cells
[42]. The discrepancy is mostly probably because LPS induced activation of the PI3K-Akt
pathway is slightly delayed relative to activation of the MAPK pathways [41]. Previous data
indicated that the p38MAPK, p44/42MAPK, and c-jun terminal NH2-kinase (JNK) signaling
pathways downstream NF-kB activation mediated LPS-induced TF expression [26]. In this
study, bradykinin treatmentalso inhibited p44/42MAPK, p38MAPK and JNK phosphorylation
induced by LPS in HUVECs and monocytes, which suggested that attenuated MAPK signaling
pathway mediated NF-«xB activation was also involved in the inhibitory effects of bradykinin
on TF expression, but the detailed roles of this signaling pathway remains to be further
elucidated.

In summary, our data demonstrated that bradykinin inhibited TF expression and deep
vein thrombosis via activation of BK B2 receptor/eNOS/PI3K/Akt signaling pathways,
and subsequently attenuated GSK-3f and MAPK signaling pathways mediated NF-xB
transcriptional activity as shown in Fig. 8. Therefore, bradykinin B2 receptor may be a critical
therapeutic target of deep vein thrombosis. However, even though different approaches
to inhibit TF initially looked promising in animal models, their efficacy in inhibiting TF
expression and thrombosis in humans has not yet been examined successfully, and further
investigations are necessary.
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