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Abstract

Background: miR-92a-3p and oxidative stress are reportedly associated with venous thrombosis. However, the role
of miR-92a-3p and oxidative stress in catheter-related thrombosis (CRT) remains ambiguous. Herein, we studied the
roles of miR-92a-3p, oxidative stress, and p38-mitogen-activated protein kinase/nuclear factor kappa-B (MAPK/NF-kB)

pathway in CRT.

pathway

Methods: Forty-five male rats were randomly and equally divided into control, sham operation, and CRT groups.
The rats were sacrificed after 10 days. Reactive oxygen species (ROS), superoxide dismutase (SOD), and
malondialdehyde (MDA) levels in the serum were determined by enzyme-linked immunosorbent assay (ELISA). The
expression levels of miR-92a-3p, heme oxygenase-1 (HO-1), NF-kB p65, and p38 MAPK in the venous tissues were
detected with quantitative polymerase chain reaction (qPCR) and Western blot.

Results: Thrombosis was observed only in the CRT group. Compared with the levels in the control and sham
operation groups, ROS and MDA significantly increased in the CRT group, but SOD significantly decreased. gPCR
and Western blot results showed that miR-92a-3p, HO-1, p38 MAPK, and NF-kB p65 expression was significantly
upregulated in the venous tissues of the CRT group. Moreover, miR-92a-3p was positively correlated with HO-1,
which was positively correlated with p38 MAPK and NF-kB p65.

Conclusion: miR-92a-3p was correlated with oxidative stress in CRT. miR-92a-3p and oxidative stress contributed to
endothelial dysfunction and simultaneously was associated with CRT.
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Background

Central venous catheter (CVC) facilitate the delivery of
medications and blood products and provide venous ac-
cess for hemodialysis, apheresis and laboratory blood
draws [1, 2]. Using CVC is one of the strategies to
improve the care for patients with acute or chronic
diseases. However, CVC has been associated with high
incidence of complications, such as thrombosis,
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infection, and stenosis development. Catheter-related
thrombosis (CRT) is one of the most serious complica-
tions of CVC, and this complication can lead to pulmon-
ary embolism, recurrent deep venous thrombosis, post-
thrombotic syndrome, and sepsis [3, 4]. A large and
comprehensive system review has shown that the inci-
dence rate of CRT is 0-64.5% [5]. The majority of CRT
patients is asymptomatic, and only 1-5% of patients
manifest symptoms [6]. Hence, CRT is an urgent con-
cern because it may promote chronic venous occlusion
resulting in loss of vascular access. This condition may
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increases morbidity, mortality, length of hospital stay,
and cost of healthcare [1, 7, 8].

MicroRNAs (miRNAs) are endogenous, single-
stranded, and noncoding RNAs that play key roles in cell
differentiation and proliferation. Researches of miRNAs
in angiogenesis and thrombosis have been paid wide-
spread attention [9]. The miR-17-92 cluster (miR-17,
miR-18a, miR-19a/b, miR-20a, and miR-92a) is highly
expressed in endothelial cells, which regulate vascular
endothelial function [10-12]. miR-92a can promote ath-
erosclerosis by upregulating proinflammatory signaling
in endothelial cells [13]. The level of the miRNA-17-92
cluster increases 24 h after coronary occlusion [14]. In
addition, miR-92a-3p is upregulated in the vascular tis-
sues in a rat model of deep vein thrombosis [15]. miR-
92a-3p is very sensitive to changes in shear stress. Blood
flow velocity and shear stress are considerably decreased
after the placement of a catheter.

The placement of a catheter in the vein can reduce local
blood flow velocity by approximately 60% [16], which
upregulates miR-92a expression and induces oxidative
stress in endothelial cells [13]. Oxidative stress results
from the imbalance between reactive oxygen species
(ROS) and antioxidant defense systems and the subse-
quent imbalance between prooxidants and antioxidants
[17]. Oxidative stress regulates physiologically the endo-
thelial dysfunction, vascular remodeling, and inflamma-
tion [18]. Inhibition of miR-92a can hinder oxidative
stress, inflammation, and apoptosis but promote angio-
genesis [19]. This inhibition effect attenuates oxidative
stress and improves endothelial function by enhancing
HO-1 expression [20]. In addition, p38 MAPK/NF-«B is
an ROS-sensitive signaling pathway, and an increase in
ROS can promote endothelial cell apoptosis and activate
inflammation, leading to thrombosis [21, 22].

However, whether miR-92a-3p, oxidative stress, and
oxidative stress-mediated pathway of p38 MAPK/NF-«B
regulates vascular system dysfunction in CRT remains
unknown. What's more, their relationship in CRT
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remain unclear. We hypothesized that miR-92a-3p may
have correlation with oxidative stress and they contrib-
ute simultaneously to CRT. Therefore, the current study
was designed to investigate whether miR-92a-3p and
oxidative stress is associated with CRT.

Methods

Animal

Forty-five male Sprague-Dawley rats (age: 8 weeks,
weight: 200 ~250g) were provided by Experimental
Animal Center, Guangxi Medical University, and the ex-
perimental animal breeding license number was SCXK
Gui 2014-0002. The rats were allowed free access to la-
boratory rat chow and water in a 12h/12h light/dark
cycle. This study was performed according to Laboratory
Animal Guideline for the Ethical Review of Animal Wel-
fare (China) and approved by Animal Care and Welfare
Committee at Guangxi Medical University. The proto-
cols conformed to the Guide for the Care and Use of La-
boratory Animals by the US National Institutes of
Health (NIH Publication No. 85-23).

CVC catheterization

A total of 45 rats were randomly divided into the con-
trol, sham, and CRT groups, with 15 rats per group. The
catheter (Skillsmodel, Beijing, China) was sterilized and
flushed with heparin solution (100 IU/mL) before sur-
gery. The rats were weighed using a digital scale. The
CRT group was anesthetized by intraperitoneal injection
of 3% pentobarbital sodium. Afterwards, the skin of the
right neck was shaved and disinfected with povidone
iodine. All surgical instruments were sterilized using
steam sterilization, and disposable sterile fenestrated
sheet was used to create a sterile field around the neck.
A ventral cervical skin incision (1.5 cm) was made from
the lower mandible to slightly anterior to the level of the
clavicle. The right external jugular vein (EJV; 1 cm) was
isolated by blunt dissection from the surrounding con-
nective tissue. After the application of one small drop of

catheter

external jugular vein

catheter ligation

Fig. 1 Placement of a catheter into the external jugular vein of the rats. Both nodes of the catheter were sutured to secure the catheter in place.
The extravascular catheter was fixed to the subcutaneous tissue with a suture

Internal jugular vein

superior
vena cava
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0.5% lidocaine, the distal region of the EJV was ligated
with a 3-0 silk suture for proximal region occlusion. A
small venotomy was made through which the catheter
was introduced into the jugular vein through the EJV
and then advanced by 3.5c¢m into the superior vena
cava. Then, the catheter was secured to the vein by silk
sutures to prevent movement (Fig. 1). Afterwards, 2 mL
of the heparin solution (100 U/mL) was used to lock the
catheter, and the plug was inserted. The incision sites
were closed by sutures and treated with mopiroxacin
ointment. The animals were moved to the animal facility
after recovery from anesthesia. Anticoagulant therapy
was not used in this rat model for 10 days. No catheter
was inserted in the sham operation group. The surgical
method was the same as that of the CRT group. The
necks of the rats were sutured after the exposure of the
EJV. The control group was not treated.

Histology

After a catheterization period of 10days, 45 rats were
followed by euthanized with pentobarbital overdose. In
CRT group, catheterized veins were obtained and fixed
in 10% neutral buffered formalin overnight. After fix-
ation by immersion, the catheters were removed slowly
from the veins before dehydration. The veins obtained
from the control and sham operation groups were ipsi-
lateral to the CRT group. Then, the tissues were embed-
ded in paraffin, and 5um cross-sections were cut. All
tissue sections were stained with hematoxylin and eosin
(H&E) and evaluated by a pathologist for thrombosis.
The images of the stained sections were digitized using a
microscope (BX53, Olympus, Japan). Digital managing
software (cellSens standard) was used to capture images.

Elisa

Blood samples from the abdominal aortas of the euthanized
rats were collected into dry vacuum tubes without additives.
The sera were collected by centrifugation at 4000xg for 5
min. ELISA kits were used by following the manufacturer’s
protocol to detect the ROS (ml0262881, Mlbio, Shanghai,
China), MDA (ml003180, Mlbio, Shanghai, China), and
SOD (ml059387, Mlbio, Shanghai, China) levels. The stand-
ard concentrations of ROS were 480 U/mL, 240 U/mL, 120
U/mL, 60 U/mL, 30 U/mL, 15 U/mL. The standard concen-
trations of MDA were 4.8nmol/mL, 24 nmol/mL, 1.2
nmol/mL, 0.6 nmol/mL, 0.3 nmol/mL, 0.15nmol/mL. The
standard concentrations of SOD were 10 ng/mL, 5ng/mL,
2.5 ng/mL, 0.625 ng/mL, 0.3125 ng/mL.

Quantitative polymerase chain reaction

Before the qPCR, the catheter in the CRT group was re-
moved from the vein. To examine the relative mRNA
expression of miR-92a-3p, HO-1, p38 MAPK, and NF-
KB p65, the total RNA was extracted using miRcuet
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miRNA isolation kit (TIANGEN, Beijing, China) and
TRIzol reagent (Solarbio, Beijing, China). Reverse tran-
scription was accomplished with miRcuet Plus miRNA
First-strand ¢cDNA kit (TIANGEN, Beijing, China) and
Monscript™ RT III all-in-one mix (Monad, Wuhan,
China). The reverse transcription products were ampli-
fied with miRcuet Plus miRNA qPCR kit (SYBR GREEN)
(TIANGEN, Beijjing, China) and MonAmp™ SYBR®
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Fig. 2 Histology of EJV in the (a) control, (b) sham operation, and (c)
CRT groups. Black arrows indicate the lumen of the catheter, and
white arrows are indicative of CRT
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Green mix (Monad, Wuhan, China) according to the
manufacturer’s instructions. The relative expression
levels of the target genes were determined using 27",
U6 and GAPDH were used as the internal controls to
identify the miRNA and mRNA, respectively.
The sequences of primers were listed as follows:
miR-92a-3p-F: 5'- ATAACGTGAACAGGGCCGG-3',
miR-92a-3p-R: 5'-CAGTGCGTGTCGTGGAGT-3',
HO-1-F: 5'-TCTGCAGGGGAGAATCTTGC-3/,
HO-1-R: 5'-TTGGTGAGGGAAATGTGCCA-3/,
p38 MAPK-F: 5'-GATAATGCGTCTGACGGGGA-3’,
p38 MAPK-R: 5'-ATCCGAGTCCAAAACCAGCA-3’,
NF-KB p65-F: 5'-CATGGATCCCTGCACACCTT-3/,
NEF-«B p65-R: 5'-CTCAGCATGGAGAGTTGGCA-3/,
GAPDH-F: 5'-AGTGCCAGCCTCGTCTCATA-3/,
GAPDH-R: 5'-GATGGTGATGGGTTTCCCGT-3/,
U6-F: 5'-CTCGCTTCGGCAGCACA-3',
U6-R: 5'-AACGCTTCACGAATTTGCGT-3".

Western blot

The catheter in the CRT group was removed from the
vein. The venous tissues of rats in each group were lysed
with RIPA lysate and centrifuged at 12000 rpm for 15
min at 4 °C. The supernatants were then obtained. After
measuring the protein concentrations, the protein sam-
ple was subjected to SDS-PAGE and then transferred to
a polyvinylidene difluoride (PVDF) membrane. The
membrane was then sealed in 8% skim milk for 3h and
then incubated overnight at 4 °C with antibodies of HO-
1 (1:1000, ab13248, Abcam, USA), NF-kB p65 (1:1000,
ab16502, Abcam, USA), NF-kB p-p65 (1:1000, ab86299,
Abcam, USA), p38 MAPK (1:1000, ab170099, Abcam,
USA), p-p38 MAPK(1:1000, ab47363, Abcam, USA), and
B-actin (1:1000, ab8227, Abcam, USA). The blots were
washed thrice with TBST (T1081, Solarbio, Beijing,
China) and then incubated with a 1:3000 dilution of sec-
ondary goat anti-mouse IgG H&L (ab205719, Abcam,
USA) for 1h. The protein membranes were stained
using an ECL kit (Solarbio, Beijing, China), and fluores-
cence was determined using an imaging system (Tanon,
Shanghai, China). Levels of proteins were normalized to
that of B-actin.

Statistical analysis

All data were expressed as the means + standard de-
viation of at least three repeated experiments, and
statistical analyses were conducted using SPSS 22.0
software (IBM SPSS, USA). Pearson correlation ana-
lysis was used to examine the correlation. One-way
ANOVA with a Tukey post-hoc test was performed
for multiple comparisons, and p < 0.05 was considered
statistically significant.
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Results

CRT in the EJV of rats

The success rate of the placement of a catheter was
100% (15/15), and no prolapse was observed while the
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Fig. 3 Levels of oxidative-stress markers in the sera of rats. a ROS; b
MDA; and ¢ SOD. ** p < 0.01 versus the CRT group, and *** p < 0.001

versus the CRT group
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Fig. 4 Expression of miR-92a-3p, HO-1, p38 MAPK, and NF-kB p65
mRNA was upregulated in the veins of rats with CRT. a miR-92a-3p;
b HO-1; ¢ p38 MAPK and d NF-kB p65. ** p < 0.01 versus CRT group,
and *** p <0.001 versus CRT group

catheter was installed. All animals survived to the end
of schedule. No thrombosis was observed in the con-
trol and sham operation groups. Thrombosis in the
catheterized EJV was observed in the CRT group, and
the successful rate of the CRT model was 100% (15/
15). The difference between the CRT group compared
with the control and sham operation groups was sta-
tistically significant (p <0.001). The histology of EJV
is shown in Fig. 2. In the control and sham operation
groups, optical microscopy results show that the
endothelial cells of the vein were smooth and intact,
and no thrombosis was observed in the vessel lumen.
By contrast, CRT was observed in the CRT group
and located at the edge of the catheter. Trabecular
platelets, red cells and white cells were present in the
thrombus.

Levels of oxidative stress markers

The levels of ROS, MDA, and SOD in the rat sera are
presented in Fig. 3. The results showed that the ROS
and MDA levels in the CRT group significantly in-
creased compared with those of the control and sham
operation groups, but SOD significantly decreased. The
differences between the serum ROS, MDA, and SOD
levels of the control and shame operation groups were
nonsignificant.

Upregulated mRNA expression of miR-92a-3p, HO-1, and
p38 MAPK/NF-kB

The miR-92a-3p, HO-1, p38 MAPK, and NF-kB p65
mRNA expression levels in the venous tissues of rats
were detected with qPCR. Figure 4 shows significant
upregulation of miR-92a-3p, HO-1, p38 MAPK, and
NF-kB p65 mRNA expression levels in the veins of
the CRT group.

Protein expression of HO-1 and p38 MAPK/NF-kB
pathway

The protein levels of HO-1, p38 MAPK, p-p38 MAPK,
NF-kB p65, and p-NF-kB p65 in the CRT group were
upregulated compared with those of the control and
sham operation groups (Fig. 5). High p38 MAPK expres-
sion was found in the CRT group, whereas low levels of
this molecule was observed in the control and sham
operation groups (Fig. 5a).
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Fig. 5 Protein expression of HO-1 and p38 MAPK/NF-kB pathway
were upregulated in CRT. a Western blot image of HO-1, p38 MAPK,
p-p38 MAPK, NF-kB p65 and p-NF-kB p65. b-f analysis of the protein
expression of HO-1, p38 MAPK, p-p38 MAPK, NF-kB p65 and p-NF-kB
p65. * p < 0.05 versus CRT group, ** p <0.01 versus CRT group, and
**¥* p <0.001 versus CRT group

Positive correlation between miR-92a-3p, HO-1, and p38
MAPK/NF-kB pathway in the venous tissues

Pearson correlation analysis showed that miR-92a-3p
was positively correlated with HO-1 (r=0.770, p=
0.015). HO-1 was positively correlated with p38 MAPK
(r=0.788, p=0.035), and NF-kB p65 (r=0.797, p=
0.018).

Discussion

Thrombosis is a disease involving multiple factors and sys-
tems and a major contributor to global health burden
[23]. Many approaches, such as changes in the diameter of
catheter [24], tuning of catheter-to-vein ratio [25], novel
catheter surface coatings [26], use of catheter-locking so-
lutions [27] or anticoagulants [28], and handgrip exercise
[29], have been investigated to prevent CRT.

Numerous reports on CRT were clinical studies. How-
ever, our study provides a new view on CRT by using an
animal experiment. In the study, we inserted a catheter
into the right EJV with the catheter tip in the superior
vena cava by surgical operation and successfully ob-
served CRT in the EJV after 10 days. The result was the
same as that in a previous study [30]. Venous blood sta-
sis and endothelial injury are the major reasons for CRT
[31]. Endothelial cells are injured after the placement of
a catheter, and collagen exposure under the endothelium
causes platelet adhesion and aggregation and activates
factor XII. Concomitantly, the injured endothelium re-
leases tissue factor, activates factor VII, and initiates in-
trinsic and extrinsic coagulation processes [32]. The
channel for the blood flow becomes constricted, and
blood velocity decreases after catheterization [33]. When
blood velocity is decreased, the platelets enter the side
stream, which greatly increases the possibility of adher-
ing the intima of blood vessels. This process contributes
to thrombosis.

Furthermore, the role of miR-92a-3p and oxidative
stress in CRT has not been reported. In this study, miR-
92a-3p, oxidative stress, and p38 MAPK/NF-kB pathway
were significantly related to CRT. In addition, miR-92a-
3p was positively correlated with HO-1, which was posi-
tively correlated with p38 MAPK and NF-«B p65. miR-
92a-3p, which is mediated by the blood flow shear stress,
regulates the expression of the endothelial cell eNOS
and impair eNOS-NO bioavailability, resulting in vascu-
lar injury and contributing to atherosclerosis [13, 34,
35]. The reduced velocity or occlusion of blood in the
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veins upregulated miR-92a expression and induced oxi-
dative stress in endothelial cells, leading to endothelial
cell inflammation and dysfunction [13]. Oxidative stress
can activate MAPK/NF-kB, mediate endothelial cell
apoptosis, promote the expression of tissue factor and
thrombocyte secretion, and regulate venous thrombosis
[21]. Overexpression of miR-92a causes endothelial dys-
function and suppresses HO-1 expression in the endo-
thelial cells [20]. In addition, MAPKs and NF-xkB
pathways are the major regulators of HO-1 expression
after exposure to extracellular stimuli [36—38]. However,
the forward and reverse targets for the development of
HO-1 to regulate thrombosis are not fully explored.
Therefore, HO-1 may be the target of miR-92a-3p and
p38 MAPK/NF-kB pathway. miR-92a-3p may regulate
HO-1/p38 MAPK/NF-kB pathway and result in CRT.
However, further studies should be performed to identify
the underlying mechanisms. In addition, miR-92a-3p
was correlated with oxidative stress in CRT. These mole-
cules play a key role during CRT. A model for predicting
high-risk CRT patients could be established by using
changes in the oxidative-stress markers in the plasma.
According to the results from the model, CVC patients
can take measures to prevent CRT as early as possible.

This study provides a new perception on animal ex-
periment in CRT. The process is quite novel and prom-
ising in future translational research, especially for
patients in the ICU and cancer patients undergoing
chemotherapy. However, this study has some limitations.
One limitation was that the thrombosis was only evalu-
ated through pathology. Another limitation was the ex-
clusion of the activation of platelets, and the coagulation
system may contribute to CRT. Further studies should
be performed by our team to reveal the mechanism
among miR-92a-3p, oxidative stress, and oxidative
stress-mediated pathways in CRT.

Conclusion

miR-92a-3p, oxidative stress, and p38 MAPK/NF-«B
were found to contribute to CRT. Positive correlation
was observed among these molecules. miR-92a-3p and
oxidative stress may contribute simultaneously to CRT.

Abbreviations

CVC: Central venous catheter; CRT: Catheter-related thrombosis;

ROS: Reactive oxygen species; SOD: Superoxide dismutase;

MDA: Malondialdehyde; HO-1: Heme oxygenase-1; miR-92a-3p: MicroRNA-
92a-3p; P38 MAPK: p38-mitogen-activated protein kinase; NF-kB: Nuclear
factor kappa-B; ELISA: Enzyme-linked immunosorbent assay;

gPCR: Quantitative polymerase chain reaction

Acknowledgements
We appreciate all those who helped us in this research.

Authors’ contributions

XG and YY conceived the study and designed the experiment. XG, YW, QJ,
and CW made substantial contributions to the experiment and acquisition of
data. XG analyzed data and wrote the manuscript. HZ and YY design and

Page 7 of 8

revised the manuscript critically for important intellectual content. YY gave
the final approval of the version to be published. All authors read and
approved the final version of the manuscript.

Funding

This work was supported by the National Natural Science Foundation of
China (N0.81860032) and the Guangxi Natural Science Foundation of China
(No.2018GXNSFAA050081). These the funding bodies only providefunding
and have no role in research design, data collection, analysis
andinterpretation, and writing manuscripts.

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author upon reasonable request.

Ethics approval and consent to participate

Ethics approval and consent to participate conformed to the Guide for the
Care and Use of Laboratory Animals by the US National Institutes of Health
(NIH Publication No. 85-23). And the experiment protocol was approved by
the Ethics Committee of Animal Care and Welfare Committee at Guangxi
Medical University, Nanning, China.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 10 January 2020 Accepted: 13 March 2020
Published online: 30 March 2020

References

1. Rajasekhar A, Streiff MB. How | treat central venous access device-related
upper extremity deep vein thrombosis. Blood. 2017;129(20):2727-36.

2. Ullman AJ, Marsh N, Mihala G, Cooke M, Rickard CM. Complications of
central venous access devices: a systematic review. Pediatrics. 2015;136(5):
e1331-44.

3. Thiyagarajah K, Ellingwood L, Endres K, Hegazi A, Radford J, lansavitchene A,
Lazo-Langner A. Post-thrombotic syndrome and recurrent
thromboembolism in patients with upper extremity deep vein thrombosis:
a systematic review and meta-analysis. Thromb Res. 2019;174:34-9.

4. Grant JD, Stevens SM, Woller SC, Lee EW, Kee ST, Liu DM, Lohan DG, Elliott
CG. Diagnosis and management of upper extremity deep-vein thrombosis
in adults. Thromb Haemost. 2012;108(6):1097-108.

5. Chopra V, Anand S, Hickner A, Buist M, Rogers MA, Saint S, Flanders SA. Risk
of venous thromboembolism associated with peripherally inserted central
catheters: a systematic review and meta-analysis. Lancet. 2013;382(9889):
311-25.

6. Geerts W. Central venous catheter-related thrombosis. Hematol Am Soc
Hematol Educ Program. 2014;2014(1):306-11.

7. Sogaard KK, Schmidt M, Pedersen L, Horvath-Puho E, Sorensen HT. 30-year
mortality after venous thromboembolism: a population-based cohort study.
Circulation. 2014;130(10):829-36.

8. Ostlund A, Flaring U, Norberg A, Dahlberg A, Berner J, Kaiser S, Vermin L,
Svenningsson A, Frisk T, Larsson P, et al. Incidence of and risk factors for
venous thrombosis in children with percutaneous non-tunnelled central
venous catheters. Br J Anaesth. 2019;123(3):316-24.

9. Gareri C, De Rosa S, Indolfi C. MicroRNAs for restenosis and thrombosis after
vascular injury. Circ Res. 2016;118(7):1170-84.

10.  Chamorro-Jorganes A, Lee MY, Araldi E, Landskroner-Eiger S, Fernandez-
Fuertes M, Sahraei M, Quiles Del Rey M, van Solingen C, Yu J, Fernandez-
Hernando C, et al. VEGF-induced expression of miR-17-92 cluster in
endothelial cells is mediated by ERK/ELKT activation and regulates
angiogenesis. Circ Res. 2016;118(1):38-47.

11, Fiedler J, Thum T. New insights into miR-17-92 cluster regulation and
angiogenesis. Circ Res. 2016;118(1):9-11.

12. Bonauer A, Carmona G, Iwasaki M, Mione M, Koyanagi M, Fischer A,
Burchfield J, Fox H, Doebele C, Ohtani K, et al. MicroRNA-92a controls
angiogenesis and functional recovery of ischemic tissues in mice. Science.
2009;324(5935):1710-3.



Gan et al. BMC Cardiovascular Disorders

20.

21,

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

(2020) 20:150

Chen Z, Wen L, Martin M, Hsu CY, Fang L, Lin FM, Lin TY, Geary MJ, Geary
GG, Zhao Y, et al. Oxidative stress activates endothelial innate immunity via
sterol regulatory element binding protein 2 (SREBP2) transactivation of
microRNA-92a. Circulation. 2015;131(9):805-14.

Fan ZX, Yang J. The role of microRNAs in regulating myocardial ischemia
reperfusion injury. Saudi Med J. 2015;36(7):787-93.

Jin QQ, Sun JH, Du QX Lu XJ, Zhu XY, Fan HL, Holscher C, Wang YY.
Integrating microRNA and messenger RNA expression profiles in a rat
model of deep vein thrombosis. Int J Mol Med. 2017;40(4):1019-28.

Nifong TP, McDevitt TJ. The effect of catheter to vein ratio on blood flow
rates in a simulated model of peripherally inserted central venous catheters.
Chest. 2011;140(1):48-53.

Sinha N, Dabla PK. Oxidative stress and antioxidants in hypertension-a
current review. Curr Hypertens Rev. 2015;11(2):132-42.

Montezano AC, Dulak-Lis M, Tsiropoulou S, Harvey A, Briones AM, Touyz RM.
Oxidative stress and human hypertension: vascular mechanisms, biomarkers,
and novel therapies. Can J Cardiol. 2015;31(5):631-41.

Liu H, Wu HY, Wang WY, Zhao ZL, Liu XY, Wang LY. Regulation of miR-92a
on vascular endothelial aging via mediating Nrf2-KEAP1-ARE signal
pathway. Eur Rev Med Pharmacol Sci. 2017;21(11):2734-42.

Gou L, Zhao L, Song W, Wang L, Liu J, Zhang H, Huang Y, Lau CW, Yao X,
Tian XY, et al. Inhibition of miR-92a suppresses oxidative stress and
improves endothelial function by Upregulating Heme Oxygenase-1 in db/
db mice. Antioxid Redox Signal. 2018,28(5):358-70.

Lou ZK. The mechanism research of SIRT1 protecting endothelial cells from
oxidative damage and inhibiting expression of pro-thrombosis molecules in
deep venous thrombosis. Dissertation. Yunnan Province: Kuming Medical
University; 2016.

Fan H, Wu PF, Zhang L, Hu ZL, Wang W, Guan XL, Luo H, Ni M, Yang JW, Li
MX, et al. Methionine sulfoxide reductase a negatively controls microglia-
mediated neuroinflammation via inhibiting ROS/MAPKs/NF-kappaB
signaling pathways through a catalytic antioxidant function. Antioxid Redox
Signal. 2015;22(10):832-47.

Bates SM, Jaeschke R, Stevens SM, Goodacre S, Wells PS, Stevenson MD,
Kearon C, Schunemann HJ, Crowther M, Pauker SG, et al. Diagnosis of DVT:
antithrombotic therapy and prevention of thrombosis, 9th ed: American
College of Chest Physicians Evidence-Based Clinical Practice Guidelines.
Chest. 2012;141(2 Suppl):e3515-418S.

Evans RS, Sharp JH, Linford LH, Lloyd JF, Woller SC, Stevens SM, Elliott CG,
Tripp JS, Jones SS, Weaver LK. Reduction of peripherally inserted central
catheter-associated DVT. Chest. 2013:143(3):627-33.

Sharp R, Cummings M, Fielder A, Mikocka-Walus A, Grech C, Esterman A.
The catheter to vein ratio and rates of symptomatic venous
thromboembolism in patients with a peripherally inserted central catheter
(PICQ): a prospective cohort study. Int J Nurs Stud. 2015;52(3):677-85.

De Luca T, Szilagyi KL, Hargreaves KA, Collins KS, Benson EA. Improving the
patency of jugular vein catheters in Sprague-Dawley rats by using an
antiseptic nitrocellulose coating. J Am Assoc Lab Anim Sci. 2018;57(5):520-8.
Quenot JP, Helms J, Bourredjem A, Dargent A, Meziani F, Badie J, Blasco G,
Piton G, Capellier G, Mezher C, et al. Trisodium citrate 4% versus heparin as
a catheter lock for non-tunneled hemodialysis catheters in critically ill
patients: a multicenter, randomized clinical trial. Ann Intensive Care. 2019;
9(1):75.

Diamond CE, Hennessey C, Meldau J, Guelcher CJ, Guerrera MF, Conklin LS,
Sharma KV, Diab YA. Catheter-related venous thrombosis in hospitalized
pediatric patients with inflammatory bowel disease: incidence,
characteristics, and role of anticoagulant Thromboprophylaxis with
enoxaparin. J Pediatr. 2018;198:53-9.

Liu K Zhou Y, Xie W, Gu Z, Jin Y, Ye X, Chen X, Fan B, Wang H, Cui Y.
Handgrip exercise reduces peripherally-inserted central catheter-related
venous thrombosis in patients with solid cancers: a randomized controlled
trial. Int J Nurs Stud. 2018;86:99-106.

Maegdefessel L, Rayner KJ, Leeper NJ. MicroRNA regulation of vascular
smooth muscle function and phenotype: early career committee
contribution. Arterioscler Thromb Vasc Biol. 2015;35(1):2-6.

Williams TP, Shaw S, Porter A, Berkwitt L. Aortic thrombosis in dogs. J Vet
Emerg Crit Care (San Antonio). 2017;27(1):9-22.

Wang LH, Wei F, Jia L, Lu Z, Wang B, Dong HY, Yu HB, Sun GJ, Yang J, Li B,
et al. Fibrin sheath formation and intimal thickening after catheter
placement in dog model: role of hemodynamic wall shear stress. J Vasc
Access. 2015:16(4):275-84.

33.

34.

35.

36.

37.

38.

Page 8 of 8

Terry CM, He Y, Cheung AK. Rivaroxaban improves patency and decreases
inflammation in a mouse model of catheter thrombosis. Thromb Res. 2016;
144:106-12.

Boon RA, Hergenreider E, Dimmeler S. Atheroprotective mechanisms of
shear stress-regulated microRNAs. Thromb Haemost. 2012;108(4):616-20.
Loyer X, Potteaux S, Vion AC, Guerin CL, Boulkroun S, Rautou PE,
Ramkhelawon B, Esposito B, Dalloz M, Paul JL, et al. Inhibition of microRNA-
92a prevents endothelial dysfunction and atherosclerosis in mice. Circ Res.
2014;114(3):434-43.

Alam J, Cook JL. How many transcription factors does it take to turn on the
heme oxygenase-1 gene? Am J Respir Cell Mol Biol. 2007,36(2):166-74.
Paine A, Eiz-Vesper B, Blasczyk R, Immenschuh S. Signaling to heme
oxygenase-1 and its anti-inflammatory therapeutic potential. Biochem
Pharmacol. 2010;80(12):1895-903.

Calay D, Mason JC. The multifunctional role and therapeutic potential of
HO-1 in the vascular endothelium. Antioxid Redox Signal. 2014;20(11):1789-
809.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Animal
	CVC catheterization
	Histology
	Elisa
	Quantitative polymerase chain reaction
	Western blot
	Statistical analysis

	Results
	CRT in the EJV of rats
	Levels of oxidative stress markers
	Upregulated mRNA expression of miR-92a-3p, HO-1, and p38 MAPK/NF-κB
	Protein expression of HO-1 and p38 MAPK/NF-κB pathway
	Positive correlation between miR-92a-3p, HO-1, and p38 MAPK/NF-κB pathway in the venous tissues

	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

