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Abstract: Deep venous thrombosis (DVT) is a severe vascular disease. The current study aimed to investigate ex-
pression and significance levels of NF-kB and MMP-2 in DVT. SD rats were adopted in constructing the traumatic
DVT model. They were randomly divided into 3 groups, including the initial thrombosis group, peak thrombosis
group, and peak non-thrombosis group. A total of 70 fracture patients, admitted to Qilu Hospital of Shandong
University, between January 2017 and December 2017, were enrolled and divided into the non-thrombosis group
and thrombosis group, according to postoperative thrombosis. NF-kB and MMP-2 mRNA expression levels in pe-
ripheral blood were tested via real time PCR and ELISA. NF-kB and MMP-2 expression levels significantly increased
at initial and peak stages in the thrombosis group, compared with the normal control group (P < 0.05). NF-«kB and
MMP-2 expression levels in the peak stage were significantly different from the initial stage (P < 0.05). There were
no statistical differences in expression levels of NF-kB and MMP-2 in the peak stage of the non-thrombosis group
(P > 0.05). Compared with the normal control group, expression levels of NF-kB and MMP-2 in DVT patients were
significantly increased with time dependence, reaching a peak at 72 hours (P < 0.05). No statistical differences
were observed in NF-kB and MMP-2 expression levels in the non-thrombosis group (P > 0.05). NF-kB and MMP-2
expression levels increased during the formation of DVT. They were closely related to the formation and progression
of DVT. Thus, they may be key factors affecting biological progression.
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Introduction cially in the lower extremities. It occurs mainly

in the deep veins of the lower extremities,

Deep venous thrombosis (DVT), also known as
thrombo-deep phlebitis, is a clinical form of
venous thromboembolism (VTE) [1]. A common
disease in peripheral vessels, DVT is a severe
vascular disease. It is commonly seen in bone
trauma, surgery, and acute disease [2, 3]. With
the rapid development of industry, transporta-
tion, and construction, as well as aging of the
population, DVT caused by trauma has become
an importantissue. DVT is the third highest car-
diovascular disease, after coronary heart dis-
ease and strokes [4, 5]. DVT can be induced by
other diseases as a complication. It can also
occur alone with age dependence [6]. In addi-
tion to the above factors, tumors, severe infec-
tions, autoimmune diseases, and coagulation
factor abnormalities can induce DVT [7]. DVT
can occur in multiple parts of the body, espe-

including the femoral vein [8, 9]. It has no obvi-
ous symptoms in the early stages. Thus, it is
easily ignored. Untimely diagnosis and treat-
ment may lead to fatal pulmonary thromboem-
bolisms, even sudden death [10].

The pathogenesis of DVT is very complicated,
involving multiple factors. Inflammation, coagu-
lation, and anticoagulant disorders, as well as
vascular endothelial cells and fibrinolytic and
anti-dissolved system imbalances, may be
involved in DVT development and progression
[11, 12]. However, definite molecular mecha-
nisms of DVT have not been elucidated. It has
been reported that matrix metalloproteinases
(MMPs) may play an important role in the for-
mation and evolution of DVT. However, the role
of MMP-2 as an important member of the
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Table 1. Primer sequences

fore surgery. Fracture ty-

pes included femoral sh-

Gene Forward 5’-3’ Reverse 5’-3’ ft fract tibial fract
GAPDH AGTAGTCACCTGTTGCTGG TAATACGGAGACCTGTCTGGT o't 'factures, tibal fract

) ures, ilium fractures, and
NF-kB (Homo sapiens) ATACTCCGATATGGATGG  TCACAGCTCGCTCGAGGTA knee replacement and
NF-kB (rats) GTTAGTCACCGCTCATT ~ CGATATCGCACACTCTGGTA revisions. Exclusion crite-
MMP-2 (Homo sapiens) GATATGGGACTCGACCTC TATCGCGAGACTCGCTCC ria: Other serious compli-
MMP-2 (rats) CCATGGATACTCGTCA CTCGGCGAACTCCTCTGCTA cations; Significant imp-

MMPs family in the process of DVT has not
been found [13, 14]. A key transcription factor,
NF-kB activation can be involved in the regula-
tion of the inflammation network. Thus, it may
be an important factor in DVT [15]. However,
whether NF-kB plays a role in the pathogenesis
of DVT remains poorly understood. Therefore,
this study aimed to explore expression and sig-
nificance levels of NF-kB and MMP-2 in the pro-
cess of DVT.

Materials and methods
Experimental animals

A total of 60 Sprague-Dawley rats of SPF grade,
aged 8-12 weeks and weighing 250 + 30 g,
were purchased from the Experimental Animal
Center of Soochow University (Jiangsu, China).
The rats were fed by the SPF Animal Expe-
rimental Center. Feeding conditions included
maintaining temperature levels at 21 + 1°C and
relative humidity levels at 50-70%, with a
12-hour day/night cycle. The rats were free to
eat and drink. The experiment was performed
after 2 weeks of adaptive breeding.

Rats were used for all experiments. All proce-
dures were approved by the Animal Ethics Co-
mmittee of Qilu Hospital of Shandong University
(Shandong, China).

General information

A total of 70 fracture patients, admitted to Qilu
Hospital of Shandong University (Shandong,
China), between January 2017 and December
2017, were included. The patients were diag-
nosed with computed tomography (CT) scans,
combined with clinical symptoms. Patients in-
cluded 42 males and 28 females, with a mean
age of 45.1 + 3.8 (20-65) years and mean body
weight of 54.7 + 6.8 (37-83) kg. Routine B-ul-
trasounds, electrocardiograms (ECG), and bl-
ood routine examinations were performed be-
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airment of vital organs,

such as the liver and kid-
neys; Underage or excessive age; History of
abnormal coagulation function; History of ve-
nous thrombosis; Pregnancy; Diabetes melli-
tus; Active bleeding in the last 2 weeks; Mental
disorders or unable to cooperate with investiga-
tors [16]. In addition, 30 healthy volunteers we-
re selected as the control group, including 18
males and 12 females, with a mean age of
44.1 + 5.7 (20-62) years and mean body weig-
ht of 51.7 + 3.6 (40-83) kg. This study was
approved by the Ethics Committee of Qilu
Hospital of Shandong University (Shandong,
China). The overall study met the requirements
of medical ethics. All subjects or family mem-
bers provided informed consent.

Main reagents and instruments

Experimental surgical instruments were pur-
chased from Shanghai Surgical Instrument
Factory. RNA extraction and reverse transcrip-
tion kits were purchased from RD Corporation
(USA). Real-time PCR reagents were purchased
from Thermo Fisher. Human and rat NF-kB and
MMP2 ELISA kits were purchased from R&D
Corporation (USA). Other commonly used rea-
gents were purchased from Sangon (Shanghai,
China). The Model 5424r Eppendrof centrifuge
was purchased from Eppendorf (Germany).
LabSystem Version 1.3.1 microplate reader
was purchased from Bio-rad (USA). ABI9700
PCR instrument was purchased from Applied
Biosystems.

Methods

Grouping: According to postoperative thrombo-
sis, the patients were divided into the non-
thrombosis group and thrombosis group. An-
other 30 cases were selected as the normal
control group. There were no statistical differ-
ences in general clinical conditions, including
age, gender, and blood pressure, among the
three groups.
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treat the opposite side. The
rats were fixed after the
operation with normal dri-
nking and eating habits. No
antibiotics were used.
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Figure 1. NF-kB mRNA expression changes at different periods in DVT rats. To-
tal RNA was isolated from DVT rats at different stages, followed by analysis of
NF-kB mRNA expression by real-time PCR. *P < 0.05, compared with normal

control; *P < 0.05, compared with initial period.
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Sample collection: A total
stage of 6 mL of tail veins were
extracted from each rat. A
total of 3 mL were used for
peripheral blood mononu-
clear cell (PBMCs) isola-
tion. The remaining 3 mL of
blood samples was centri-
fuged at 3,000 rpm for 15
minutes to separate nucle-
ated cells and serum. They
were placed in a refrigera-
tor at -80°C for storage.
Blood samples were col-
lected at 24, 48, 72, and
96 hours postoperatively
from DVT patients and 72
hours postoperatively from
non-thrombosis patients. A
total of 5 mL of blood was
collected from the portal
veins. After centrifugation

Initial thrombosis
stage stage

normal control

Figure 2. NF-kB expression in the serum of DVT rats at different periods. Serum
was isolated from DVT rats at different stages, measuring NF-kB expression

Peak thrombosis Peak non-thrombosis

at 3,000 rpm for 15 min-
stage utes, nucleated cells and
serum were separated and
placed in a refrigerator at

by ELISA. *P < 0.05, compared with normal control; #P < 0.05, compared with -80°C.

initial period.

Rat grouping and DVT modeling: According to
references [14], the rats were randomly divided
into the normal control group, DVT model con-
taining initial thrombosis period group (3 hours
after model establishment), peak thrombosis
group (72 hours after model establishment),
and peak non-thrombosis group, with 15 rats in
each group. The skin was incised layer by layer.
The medial incision was made in the inguinal
region. Moreover, 3 cm of the femoral arterial
vein was free and exposed. Femoral veins we-
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Real-time PCR: Total RNA

was extracted from the sa-
mples using TRIzol Reagent, according to man-
ufacturer instructions. It was reversely tran-
scribed into DNA. PCR primer sequences were
designed on Primer Premier 6.0 software and
synthetized by Invitrogen (Shanghai, China) (Ta-
ble 1). The PCR reaction procedure contained
55°C for 1 minute, followed by 35 cycles of
92°C for 30 seconds, 58-60°C for 45 seconds,
and 72°C for 35 seconds. GAPDH was selected
as the internal control. Relative expression lev-
els were calculated using the 222t method.
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solution and tested at 450
nm. The standard curve
was prepared based on OD
values, calculating sample
concentrations.

Statistical analysis

Data analyses were perf-
ormed with SPSS 22.0 so-
ftware. Measurement da-
ta are expressed as mean
+ standard deviation (SD)
and were compared by St-

Initial thrombosis
stage stage

normalcontrol

Figure 3. MMP-2 mRNA expression changes at different periods in DVT rats.
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udent’s t-tests and one-way
ANOVA. The test level was
taken as o = 0.05. P < 0.05
indicates statistical signifi-
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Total RNA was isolated from DVT rats at different stages, followed by analysis of cance.
MMP-2 mRNA expression by real-time PCR. *P < 0.05, compared with normal
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Results

Increased NF-kB mRNA
expression in the serum of
DVT rats

Real-time PCR and ELISA
were used to detect expres-
sion levels of NF-kB mRNA
in the serum of DVT rats at
different stages. Expressi-
on of NF-kB in the thrombo-
sis group was increased in
the initial and peak period
(P < 0.05). Compared with
the initial stage of thrombo-
sis, peak expression of NF-

normal control
stage stage

Figure 4. MMP-2 expression in the serum of DVT rats at different periods. Se-
rum was isolated from DVT rats at different stages, measuring MMP-2 expres-
sion by ELISA. *P < 0.05, compared with normal control; *P < 0.05, compared

with initial period.

ELISA: Serum levels of NF-kB and MMP-2 in
each group were detected by ELISA. Collected
peripheral blood was centrifuged and the
supernatant was collected. The experimental
procedure was performed according to ELISA
Kit instructions. The 50 ul diluted standard sub-
stance and samples were added to 96-well
plates at 37°C for 30 minutes. After washing 5
times, the plates were added with 50 ul reagent
A and 50 pl reagent B at 37°C for 10 minutes.
Finally, the plates were added with 50 pl stop
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Initial thrombosis ~ Peak thrombosis Peak non-thrombosis

KB in the thrombosis group
stage was obviously elevated (P <
0.05). There were no statis-
tical differences in expres-
sion of NF-kB in the peak
non-thrombosis group (P >
0.05) (Figures 1, 2).

Elevated MMP-2 mRNA expression in the se-
rum of DVT rats

Real-time PCR and ELISA were used to detect
expression levels of MMP-2 mRNA in the serum
of DVT rats at different stages. Expression of
MMP-2 in the thrombosis group was increased
in the initial and peak period (P < 0.05). Com-
pared with the initial stage of thrombosis, peak
expression of MMP-2 in the thrombosis group
was obviously elevated (P < 0.05). There were

Int J Clin Exp Med 2019;12(8):9755-9762
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Elevated MMP-2 expres-
sion in the serum of DVT
patients at different stages

Compared with the normal
control group, expression
levels of MMP-2 in DVT pa-
tients markedly increased
with time dependence, rea-
ching a peak at 72 hours (P
< 0.05). No statistical dif-
ferences were observed in
MMP-2 expression levels in

0
normalcontrol  DVT 24h DVT48h DVT72h

Figure 5. NF-kB mRNA expression in DVT patients at different stages. Total RNA
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the non-thrombosis group
(P > 0.05) (Figures 7, 8).

Discussion
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Matrix metalloproteinases
(MMPs) are zinc-dependent
endopeptidases that have
a variety of biological func-
tions. They may be involved
in the regulation of tumors
and cardiovascular diseas-
es [17]. MMP-2 plays an
important role in vascular
repair. MMP-2 can regulate
VEGF factor, as well as pro-
mote angiogenesis and col-
lagen activity, during colla-
gen conversion [18, 19].
Fractures and surgery in
orthopedics are common

normalcontrol DVT24h DVT48h DVT72h

Figure 6. NF-kB expression in the serum of DVT patients at different stages.
Serum was isolated from DVT patients at different stages, measuring NF-kB
expression by ELISA. *P < 0.05; **P < 0.01, compared with normal control.

no statistical differences in expression of
MMP-2 in the peak non-thrombosis group (P >
0.05) (Figures 3, 4).

Increased NF-kB mRNA expression in the se-
rum of DVT patients at different stages

Compared with the normal control group, ex-
pression of NF-kB in DVT patients was signifi-
cantly increased with time dependence, reach-
ing a peak at 72 hours (P < 0.05). No statistical
differences were observed in NF-kB expression
levels in the non-thrombosis group (P > 0.05)
(Figures 5, 6).
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DVT96h Non-thrombosis

causes of DVT [2, 3]. There-
fore, in this study, patients
undergoing fracture surge-
ry were selected. A rat trau-
matic DVT model was pre-
pared to analyze MMP-2
mRNA and protein level ch-
anges in peripheral blood. Results confirmed
changes in MMP-2 mRNA and expression levels
in serum of DVT rats at different stages. Ex-
pression of MMP-2 mRNA and protein in the
thrombosis group was increased during the ini-
tial and peak thrombosis stages. It was higher
in the peak stage. Expression of MMP-2 mRNA
and protein was significantly elevated in DVT
patients with time dependence, reaching a
peak at 72 hours. However, there were no sta-
tistical differences in MMP-2 in patients with-
out thrombosis, suggesting that MMP-2 partici-
pates in the formation of DVT. MMPs play a key
role in endothelial injuries and inflammation.

Int J Clin Exp Med 2019;12(8):9755-9762
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rates the structure of vas-
cular endothelium. These
factors are closely related
to DVT [23]. It has been
shown that vascular injuri-
es, dysfunction of vascular
endothelial coagulation, in-
flammation, and NF-kB acti-
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Figure 7. MMP-2 mRNA expression in DVT patients at different stages. Total
RNA was isolated from DVT patients at different stages, followed by analysis of
MMP-2 mRNA expression by real-time PCR. *P < 0.05; **P < 0.01, compared

with normal control.
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1507 vated. Compared with the
100 normal control group, expr-
ession of NF-kB in DVT pa-
07 tients was significantly in-
0- creased with time depen-

mRNA and protein in the
peripheral blood of fracture
patients undergoing sur-
gery, as well as in DVT rats.
Results showed changes in
NF-kB  mRNA expression
levels in the serum of DVT
rats at different stages.
Expression of NF-kB in the
thrombosis group was in-
creased in the initial and
peak period. Compared wi-
th the initial stage of throm-
bosis, peak expression of

normal control DVT 24h DVT 48h DVT 72h

Figure 8. MMP-2 expression in the serum of DVT patients at different stages.
Serum was isolated from DVT patients at different stages, measuring MMP-2
expression by ELISA. *P < 0.05; **P < 0.01, compared with normal control.

DVT is an interactive process of endothelial
dysfunction and inflammatory response [20,
21]. Vascular injuries induce inflammation, re-
sulting in enhanced paracrine and autocrine
secretion of MMPs, increased endothelial per-
meability, and promotion of deep venous th-
rombosis [22].

In the process of inflammation, NF-kB activa-
tion can aggravate the accumulation and adhe-
sion of neutrophils and macrophages. This re-
leases many oxygen free radicals, destroys the
integrity of blood vessel structure, and deterio-
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DVT 96h Non-thrombosis

dence, reaching a peak at
72 hours. No statistical dif-
ferences were observed in
NF-kB expression levels in
the non-thrombosis group,
suggesting that NF-kB par-
ticipated in DVT process. The current study ex-
plored expression changes in NF-kB and MMP-2
in the formation of DVT, confirming their involve-
ment in the progression of DVT. However, due
to the limited number of patients enrolled in the
present study, future large cohort clinical stud-
ies are required to confirm present findings.

Conclusion
NF-kB and MMP-2 expression levels increased

during the formation of DVT. They were closely
related to the formation and progression of

Int J Clin Exp Med 2019;12(8):9755-9762
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indicating that they may be key factors

affecting the biological progression of DVT.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Junxin Lin, Depart-

ment

of Joint Surgery, Qilu Hospital of Shandong

University (Qingdao), No. 758 Hefei Road, Qing-
dao 266035, Shandong Province, China. Tel: +86-
0532-66850690; Fax: +86-0532-66850690; E-
mail: zZ3d3h7j11h@sina.com

References

(1]

(2]

(3]

(4]

(5]

(6]

9761

Chopra R, Leon LR, Labropoulos N. Labropou-
los, Clinical characteristics and outcomes of
patients with multiple simultaneous superficial
vein thrombi, J Vasc Surg Venous Lymphat
Disord 2018; 6: 485-491.

Emmi G, Vitale A, Silvestri E, Boddi M, Becatti
M, Fiorillo C, Fabiani C, Frediani B, Emmi L, Di
Scala G, Goldoni M, Bettiol A, Vaglio A, Can-
tarini L, Prisco D. Adalimumab-based treat-
ment versus DMARDs for venous thrombosis
in behcet syndrome: a retrospective study of
70 patients with vascular involvement. Arthritis
Rheumatol 2018; 70: 1500-1507.

Okumura Y, Fukuda |, Nakamura M, Yamada N,
Takayama M, Maeda H, Yamashita T, Ikeda T,
Mo M, Yamazaki T, Hirayama A; J'xactly Inves-
tigators. Design and rationale for the Japanese
registry of rivaroxaban effectiveness & safety
for the prevention of recurrence in patients
with deep vein thrombosis and pulmonary em-
bolism (J'xactly) study. BMJ Open 2018; 8:
e020286.

Shabib AB, Alsayed F, Aldughaythir S, Habeeb
H, Al Tamimi S, Masuadi E, Alzahrani M, Ala-
klabi A, Alotaibi A, Rajendram R, Almegren M.
Indications, retrieval rate, and complications
of inferior vena cava filters: single-center expe-
rience in Saudi Arabia. Ann Thorac Med 2018;
13: 108-113.

Eskey CJ, Meyers PM, Nguyen TN, Ansari SA,
Jayaraman M, McDougall CG, DeMarco JK,
Gray WA, Hess DC, Higashida RT, Pandey DK,
Pena C, Schumacher HC; American Heart
Association Council on Cardiovascular Radio-
logy and Intervention and Stroke Council. In-
dications for the performance of intracranial
endovascular neurointerventional procedures:
a scientific statement from the American he-
art association. Circulation 2018; 137: e661-
e689.

Celinska-Lowenhoff M, Zabczyk M, Iwaniec T,
Plens K, Musial J, Undas A. Reduced plasma
fibrin clot permeability is associated with re-

(10]

(11]

[12]

(13]

[14]

(15]

current thromboembolic events in patients
with antiphospholipid syndrome. Rheumato-
logy (Oxford) 2018; 57: 1340-1349.

Marchetti T, Ribi C, Perneger T, Trendelenburg
M, Huynh-Do U, de Moerloose P, Chizzolini C.
Prevalence, persistence and clinical correla-
tions of classic and novel antiphospholipid
antibodies in systemic lupus erythematosus.
Rheumatology (Oxford) 2018; 57: 1350-1357.
Root CW, Dudzinski DM, Zakhary B, Friedman
OA, Sista AK, Horowitz JM. Multidisciplinary ap-
proach to the management of pulmonary em-
bolism patients: the pulmonary embolism re-
sponse team (PERT). J Multidiscip Healthc
2018; 11: 187-195.

Zhao T, Liu H, Han J. Ethanol lock is effective
on reducing the incidence of tunneled cathe-
ter-related bloodstream infections in hemodi-
alysis patients: a systematic review and meta-
analysis. Int Urol Nephrol 2018; 50: 1643-
1652.

Chi G, Gibson CM, Hernandez AF, Hull RD,
Kazmi SHA, Younes A, Walia SS, Pitliya A, Singh
A, Kahe F, Kalayci A, Nafee T, Kerneis M, AlK-
halfan F, Cohen AT, Harrington RA, Goldhaber
SZ. Association of anemia with venous throm-
boembolism in acutely Il hospitalized patients:
an APEX trial substudy. Am J Med 2018; 131:
972.e1-972.eT.

Wilson JD, Guardiola JH, Simonak B, Wenhold
J. Does hyperglycemia affect risk of peripher-
ally inserted central catheter-related upper ex-
tremity venous thrombosis? J Infus Nurs 2018;
41: 176-179.

Reddy A, Pushpasekaran N, Singh J, Verma
GC, Palanisamy S. Do demographic and peri-
operative parameters really affect the final out-
comes of pediatric femur shaft fractures man-
aged by elastic nails? A prospective study. J
Orthop 2018; 15: 186-189.

de Franciscis S, Gallelli L, Amato B, Butrico L,
Rossi A, Buffone G, Calid FG, De Caridi G, Gr-
ande R, Serra R. Plasma MMP and TIMP evalu-
ation in patients with deep venous thrombosis:
could they have a predictive role in the devel-
opment of post-thrombotic syndrome? Int
Wound J 2016; 13: 1237-1245.

Baldwin JF, Sood V, Elfline MA, Luke CE, Dewyer
NA, Diaz JA, Myers DD, Wakefield T, Henke PK.
The role of urokinase plasminogen activator
and plasmin activator inhibitor-1 on vein wall
remodeling in experimental deep vein throm-
bosis. J Vasc Surg 2012; 56: 1089-97.

Ma J, Li X, Wang Y, Yang Z, Luo J. Rivaroxaban
attenuates thrombosis by targeting the NF-
kappaB signaling pathway in a rat model of
deep venous thrombus. Int J Mol Med 2017;
40: 1869-1880.

Int J Clin Exp Med 2019;12(8):9755-9762



(16]

(17]

(18]

[19]

[20]

[21]

9762

NF-kB and MMP-2 in DVT

Huntley SR, Abyar E, Lehtonen EJ, Patel HA,
Naranje S, Shah A. Incidence of and risk fac-
tors for venous thromboembolism after foot
and ankle surgery. Foot Ankle Spec 2019; 12:
218-227.

Mosevoll KA, Lindas R, Tvedt TH, Bruserud @,
Reikvam H. Altered plasma levels of cytokines,
soluble adhesion molecules and matrix metal-
loproteases in venous thrombosis. Thromb Res
2015; 136: 30-9.

Siefert SA, Chabasse C, Mukhopadhyay S, Ho-
ofnagle MH, Strickland DK, Sarkar R, Antalis
TM. Enhanced venous thrombus resolution in
plasminogen activator inhibitor type-2 defi-
cient mice. J Thromb Haemost 2014; 12:
1706-16.

Tsuei YS, Chou YE, Chen WH, Luo CB, Yang SF.
Polymorphism in dural arteriovenous fistula:
matrix metalloproteinase-2-1306 C/T as a po-
tential risk factor for sinus thrombosis. J
Thromb Haemost 2018; 16: 802-808.

Yu LM, Li NX, Sheng YG. MMP-3-1612 polymor-
phism - a risk factor for deep venous thrombo-
sis formation. Vasa 2016; 45: 233-9.
Malaponte G, Polesel J, Candido S, Sambataro
D, Bevelacqua V, Anzaldi M, Vella N, Fiore V,
Militello L, Mazzarino MC, Libra M, Signorelli
SS. IL-6-174 G > Cand MMP-9-1562 C > T poly-
morphisms are associated with increased risk
of deep vein thrombosis in cancer patients.
Cytokine 2013; 62: 64-9.

[22]

(23]

(24]

[25]

Malaponte G, Signorelli SS, Bevelacqua V, Po-
lesel J, Taborelli M, Guarneri C, Fenga C, Um-
ezawa K, Libra M. Increased levels of NF-kB-
dependent markers in cancer-associated deep
venous thrombosis. PLoS One 2015; 10:
e0132496.

Dong R, Chen W, Feng W, Xia C, Hu D, Zhang,
YangY, Wang DW, Xu X, Tu L. Exogenous brady-
kinin inhibits tissue factor induction and deep
vein thrombosis via activating the eNOS/phos-
phoinositide 3-kinase/akt signaling pathway.
Cell Physiol Biochem 2015; 37: 1592-606.
Zhai K, Tang Y, Zhang, Li F, Wang Y, Cao Z, Yu
J, Kou J, Yu B. NMMHC lIA inhibition impedes
tissue factor expression and venous thrombo-
sis via Akt/GSK3beta-NF-kappaB signalling
pathways in the endothelium. Thromb Haemost
2015; 114: 173-85.

Thummuri D, Guntuku L, Challa VS, Ramavat
RN, Naidu VGM. Abietic acid attenuates RANKL
induced osteoclastogenesis and inflammation
associated osteolysis by inhibiting the NF-KB
and MAPK signaling. J Cell Physiol 2018; 234:
443-453.

Int J Clin Exp Med 2019;12(8):9755-9762



