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Abstract: Background: Decreased circulating miR-197-3p was found in patients with recurrent deep vein throm-
bosis (DVT), but the specific role of miR-197-3p needs further exploration. Materials and Methods: Venous blood
samples were collected from DVT patients and healthy controls, and peripheral blood mononuclear cells (PBMCs)
were isolated to examine the expression patterns of miR-197-3p, CXCR2 and COX2 by qRT-PCR. Human umbilical
vein endothelial cells (HUVECs) were further used as a cellular model to investigate the role of the miR-197-3p/
CXCR2/COX2 axis in regulating cell viability, angiogenesis, and inflammation, which were determined by MTT as-
say, Matrigel-based tube formation assay, and enzyme-linked immunosorbent assay, respectively. Dual-luciferase
reporter assay was used to examine the interactions between miR-198-3p and CXCR2. Expression of NF-kB p65
was examined by western blot to investigate whether the NF-kB pathway was involved in the regulatory effect of
miR-197-3p on DVT. Results: miR-197-3p was decreased in PBMCs of patients with DVT, while CXCR2 and COX2
were increased compared to the healthy controls. In HUVECs, overexpression of miR-197-3p reduced CXCR2 levels
and inhibited cell viability, angiogenesis, and release of inflammatory cytokines including TNF-«, IL-13, and IL-6,
which were reversed by miR-197-3p inhibition. Dual-luciferase reporter assay indicated miR-197-3p directly bound
to CXCR2. CXCR2 further upregulated the expression of COX2 and activated the NF-kB pathway, promoting cell vi-
ability, angiogenesis and release of inflammatory cytokines in HUVECs. The effect of miR-197-3p inhibition on cell
viability, angiogenesis and inflammation of HUVECs could be reversed by CXCR2 silencing. Conclusion: MiR-197-3p
affected viability, angiogenesis and inflammation of endothelial cells by targeting CXCR2/COX2 axis in vitro. Our
findings provided a novel theoretical basis to investigate more effective therapies for DVT.
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Introduction to solve the bleeding risk caused by drugs

remains tricky. Additionally, anticoagulants and

Venous thromboembolism is defined as deep
vein thrombosis (DVT) or pulmonary embolism
(PE), which refers to the formation of a blood
clot in a lower extremity. It is one of the major
cardiovascular diseases worldwide and affects
about 10 million people every year [1, 2]. As the
population grows and life expectancy extends,
we may see a further increase in the preva-
lence of DVT. Endothelial cells are essential for
regulating thrombosis and angiogenesis. A pre-
vious study suggested that the most consid-
ered cause of venous thrombosis is damage
and dysregulation of vascular endothelial cells
[3]. Nowadays, anticoagulants such as heparin
or warfarin and thrombolytics have played a
role in the treatment of DVT [4]; however, how

thrombolytics are insufficient to reduce the
sequelae of DVT [5, 6]. Therefore, in future
studies, it is imperative to better understand
the pathophysiology of DVT and to explore key
molecules that might serve as targets for pre-
vention or treatment.

Micro RNAs (miRNAs) are endogenous non-cod-
ing RNAs composed of approximately 22 nucle-
otides that regulate the expression of down-
stream genes through translation inhibition or
messenger RNA (mRNA) degradation, they play
key roles in many pathological processes, and
function as biomarkers for many diseases,
including cardiovascular diseases [7-9]. Studies
have shown that miRNAs have the potential to
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regulate platelet activation and aggregation,
and multiple miRNAs can target genes encod-
ing key hemostatic factors, demonstrating that
miRNAs may be involved in the hemostasis pro-
cess [10, 11]. Furthermore, accumulating stud-
ies have reported the dysregulated expression
of miRNAs in DVT, suggesting that miRNAs
might be involved in the progression of DVT
and should be explored more comprehensively
as new biomarkers. miR-197-3p, which has
attracted increasing attention in recent years,
was downregulated in blood samples of DVT
patients and is closely related to the recurren-
ce of DVT [12], but its functional mechanisms
in DVT are poorly reported.

The CXC chemokine receptor type 2 (CXCR2) is
a G protein-coupled receptor and belongs to
the CXCR family, which acts as a major receptor
of ELR-CXC chemokines that mediate angio-
genesis [13]. CXCR2 and its ligands are impor-
tant for the activation and trafficking of inflam-
matory mediators, suggesting that CXCR2 par-
ticipates in the development of different inflam-
matory diseases. Inflammation is considered to
be closely correlated with the initiation of DVT
[5, 14]. A previous study demonstrated that the
activation of CXCR2 signaling might increase
the frequency of thrombosis in mice [15].
However, the specific regulatory mechanism of
CXCR2 in DVT has not been reported.

Cyclooxygenase 2 (COX2) has been demon-
strated to be a biomarker for a variety of malig-
nancies. For example, the COX2 inhibitor, cele-
coxib, can prevent angiogenesis and induce
apoptosis in breast cancer cells in a mice
model [16]. Xu et al. suggested that through
activating COX2, CXCR2 could promote the
metastasis and chemical resistance of breast
cancer [17]. Furthermore, the highly selective
inhibition of COX2 could help Danshensu exert
anti-thrombotic and anti-platelet aggregation
effects [18]. NF-kB regulates many biological
processes including inflammation. NF-kB up-
regulated the expression of inflammatory cyto-
Kines, such as factor-a (TNF-a) and interleukin
1-B (IL-1B), and leads to an extensive inflamma-
tory response, thereby inducing apoptosis [19].
The NF-kB signaling pathway can be activated
by many molecules. A previous study indicated
that COX2 might aggravate the formation of
venous thrombosis through the NF-kB pathway
[20]. Taking these studies together, we hypoth-
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esize that the CXCR2/COX2 axis might be
involved in the pathogenesis of DVT, but no rel-
evant studies have been reported.

Here, we determined the interaction between
miR-197-3p and CXCR2 in DVT for the first time,
and demonstrated that miR-197-3p regulates
the NF-kB pathway through the CXCR2/C0OX2
axis, thereby affecting cell proliferation, angio-
genesis and inflammation. These findings pro-
vide a novel theoretical basis to investigate
more effective therapies of DVT.

Materials and Methods
Patients and Specimen collection

Venous blood samples (n=25) were collected
from patients with DVT upon DVT diagnosis and
before receiving any medication, who were con-
firmed to have no history of hypertension, dia-
betes mellitus, and other chronic diseases,
between October 2019 and January 2020 at
Beijing Jishuitan Hospital. Normal healthy sam-
ples (n=25) were obtained from health volun-
teers. This study was approved by the Ethics
Committee of Beijing Jishuitan Hospital, and
informed consent was obtained from all partici-
pants. Samples were collected from both
patients and volunteers after overnight fasting.
Peripheral blood mononuclear cells (PBMCs)
were isolated within 4 hours after collection
and cultured in RPMI Medium 1640. gRT-PCR
analysis (described below) was then performed
to examine the expression patterns of miR-197-
3p, CXCR2 and COX2.

Cell lines and transfection

Human umbilical vein endothelial cells (HUV-
ECs) were purchased from the American Type
Culture Collection (ATCC, Manassas, USA) and
then cultured in D-MEM/F-12 (Gibco, Grand
Island, NY, USA) supplemented with 10% fetal
bovine serum (FBS; Gibco), and 100 U/ml peni-
cillin/streptomycin (Initrogen, Carlsbad, CA,
USA) at 37°C in a humidified incubator with
5% CO,. To explore the regulatory role, chemo-
synthetic miR-197-3p mimic, inhibitor and their
negative controls (NCs), as well as specific plas-
mids used for overexpressing CXCR2 and
COX2 were transfected into HUVECs at a final
concentration of 2 pg/uL using Lipofectamine
3000 (Invitrogen; Thermo Fisher Scientific, Inc.
Waltham, MA, USA). All plasmids were synthe-
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Table 1. Primers sequences used for PCR

Name Type  Primers for PCR (5-3")

CXCR2 Forward CCAGAAGCGCTACTTGGTCA
Reverse CAGGCTGGGCTAACATTGGA

COX2 Forward CCGTCTGAACTATCCTGCCC

Reverse GAGGGATCGTTGACCTCGTC
miR-197-3p Forward GTATGATTCACCACCTTCTC
Reverse CTCAACTGGTGTCGTGGAG

GAPDH Forward GACAGTCAGCCGCATCTTCT
Reverse  GCGCCCAATACGACCAAATC
ue Forward CTCGCTTCGGCAGCACA

Reverse AACGCTTCACGAATTTGCGT

sized by Genepharm Company (Shanghai,
China). Cells were collected 48 h after trans-
fection and then subjected for further study.
The sequence of the miR-197-3p inhibitor was
5-GCUGGGUGGAGAAGGUGGUGAA-3’, and the
sequence of the inhibitor NC was 5-CAGU-
ACUUUUGUGUAGUACAA-3'.

RNA extraction and quantitative real-time PCR
(RT-PCR) assay

Total RNA from PBMCs and HUVECs was
extracted by TRIzol reagent (Invitrogen, Carls-
bad, CA, USA), then RNA quality was detected
using NanoDro2000c (Thermo Scientific, Wal-
tham, USA) according to the manufacturer’s
protocols. Next, the RNA was converted into
cDNA using RevertAid First Strand cDNA
Synthesis kit (Thermo), and qRT-PCR process
was performed on an ABI 7900 system using
SYBR Green Real-Time PCR master mixes
(Thermo). The reaction parameters were as
follows: 94°C for 6 min; 35 cycles of 35 s at
92°C, 35 s at 58°C and 35 s at 70°C, and
10 min at 70°C. U6 and GAPDH served as an
internal control. The transcriptional level of tar-
geted genes was analyzed by the 222¢t method.
The sequence of all primers are shown in
Table 1. Primers were synthesized by RiboBio
(Guangzhou, China).

Western blot

Total proteins were isolated using RIPA buffer
(Beyotime Institute of Biotechnology, Haimen,
China), after which the protein concentration
was quantified by BCA Protein Assay Kit
(Beyotime). Then the samples were separated
with 10% SDS-PAGE, transferred to polyvinyli-
dene difluoride (PVDF) membranes (Millipore,
MA, USA), and blocked with 5% skim milk for 1
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h at room temperature. Subsequently, the
membranes were incubated overnight at 4°C
with primary antibodies against CXCR2 (1:
1000, ab217314, Abcam), COX2 (1:5000,
ab179800, Abcam), NF-kB p65 (1:1000, ab-
207297, Abcam), NF-kB p65 (phospho S536)
(1:1000, ab76302, Abcam), and their corre-
sponding secondary antibody at 37°C for 1 h.
Finally, the protein bands were visualized by
ECL reagent (Millipore, Bedford, MA, USA) and
GAPDH acted as an internal control.

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetra-
zolium bromide (MTT) assay

HUVECs were plated onto 96-well plates and
cultured overnight. Then, the MTT working solu-
tion was added to each well and incubated for
4 hours at 37°C, and the formazan crystals
were dissolved by 150 pyL dimethyl sulfoxide
(DMSO; Sigma). The absorbance at wavelength
of transfected cells were detected at 490 nm
by a spectrophotometer (BioRad, Hercules, CA,
USA).

Matrigel-based tube formation assay

The standard Matrigel method was performed
as an in vitro angiogenesis assay to assess
the tube-forming capacity of HUVECs. Briefly,
HUVECs were seeded onto Matrigel-coated
plates (BD Bioscience, Franklin Lakes, NJ, USA)
in EBM medium and incubated at 37°C for
24 h. Then, photographs were taken at low
magnification with a DFC-290 camera (Leica
Microsystems, Wetzlar, Germany). Unclosed
tubes between two branching points were
counted.

Enzyme-linked immunosorbent assay (ELISA)

Cell supernatant samples from treated HUV-
ECs were used to measure the levels of TNF-
o, IL-1B and IL-6 using an ELISA kit (#SEKM-
0034, #SEKM-0002, and #SEKM-0007, So-
larbio, Inc., China) following the manufacturer’s
protocol.

Dual-luciferase reporter assay

The wild type (WT) and mutant (MUT) sequenc-
es of CXCR2 which contained miR-197-3p bind-
ing sites were amplified and inserted into pGLO
vector to establish recombinant plasmids
WT-CXCR2 and MUT-CXCR2. Then HUVECs
were co-transfected with the luciferase report-
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Figure 1. MiR-197-3p decreased while CXCR2 and COX2 increased in pa-
tients with deep venous thrombosis (DVT). A-C. MiR-197-3p, CXCR2 and
COX2 levels in patients with DVT were measured using gRT-PCR. The experi-
mental data were showed as mean + SD. *P < 0.05, **P < 0.01 and ***P

< 0.001.

er plasmid and miR-197-3p mimic or NC. After
growing 48 h, luciferase activity of treated cells
was tested by Dual-Luciferase Reporter Assay
System (Promega, WI, USA).

Statistical analysis

All experiments were performed in at least
three biological replicates. All experimental
data were expressed as mean + standard devi-
ation (SD). Student’s t-test was utilized to ana-
lyze the difference between two groups and
one-way analysis of variance with Turkey post
hoc test was performed to evaluate the differ-
ences among at least 3 groups through
GraphPad (Ver. Prism 7, GraphPad Prism Soft-
ware, La Jolla, CA, USA). P value less than 0.05
was considered as statistically significant.

Results

MiR-197-3p decreased while CXCR2 and COX2
increased in patients with DVT

MiR-197-3p, CXCR2 and COX2 expressions in
the serum of patients with DVT were measured
using gRT-PCR. Compared with the healthy con-
trols, miR-197-3p was decreased while CXCR2
and COX2 were increased (Figure 1A-C). The
abnormal expression levels might indicate their
association with venous thrombosis.

MIiR-197-3p affected cell viability, angiogen-
esis and inflammation of HUVECs

To investigate whether miR-197-3p participated

in the process of DVT, we chose HUVECs to con-
duct the subsequent experiments. MiR-197-3p
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197-3p expression, while miR-
197-3p inhibition increased
cell viability (Figure 2B). Next,
we analyzed angiogenesis of
HUVECs, as shown in Figure
2C, overexpression of miR-
197-3p reduced the tube-
forming capacity, while silencing of miR-197-3p
enhanced the capacity which was character-
ized by the fine vascular network with fewer
unclosed loops. Moreover, ELISA was per-
formed to analyze the levels of proinflamma-
tory cytokines, TNF-a, IL-1B and IL-6 in the
HUVECs supernatant. The results indicated
that TNF-a, IL-1B and IL-6 levels decreased
after transfecting with miR-197-3p mimic, while
the opposite results were obtained in miR-197-
3p inhibitor group (Figure 2D). In conclusion,
miR-197-3p overexpression clearly repressed
the cell viability, angiogenesis and inflamma-
tion in HUVECs.

MiR-197-3p influenced cell viability, angiogen-
esis and inflammation by targeting CXCR2 in
vitro

Considering the high expression of CXCR2 in
the serum of patients with DVT, we reasonably
suspected that there might be a targeted regu-
latory relationship between miR-197-3p and
CXCR2. To test the hypothesis, we first mea-
sured CXCR2 expression in HUVECs after over-
expression or inhibition of miR-197-3p. We
observed a lower level of CXCR2 after enhanc-
ing miR-197-3p levels while CXCR2 was up-reg-
ulated after transfecting with miR-197-3p inhib-
itor (Figure 3A, 3B). Furthermore, miR-197-3p
mimic repressed the luciferase activity encod-
ed with WT-CXCR2, while there was no inhi-
bitory effect of miR-197-3p on the luciferase
reporter activity of MUT-CXCR2. Meanwhile,
miR-197-3p inhibitor enhanced the luciferase
activity of WT-CXCR2 but had no significant
effect on MUT-CXCR2 (Figure 3C). Therefore,
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Figure 2. MiR-197-3p affected the proliferation, angiogenesis and inflammation in HUVECs. A. miR-197-3p mimic or
miR-197-3p inhibitor was transfected into HUVECs and the transfection efficiencies were detected by qRT-PCR. B.
Cell viability was measured by MTT. C. The tube-forming capacity was detected using Matrigel-based tube ormation
assay. D. ELISA confirmation of TNF-«, IL-18, IL-6 expression in the supernatant of HUVECs. The experimental data
were showed as mean + SD. *P < 0.05, **P < 0.01 and ***P < 0.001.

we concluded that CXCR2 directly bound to
miR-197-3p, and decreased miR-197-3p may
attribute to CXCR2 overexpression. Next, to
further investigate the role of CXCR2, we
enhanced CXCR2 expression in HUVECs, and
detected the effective overexpression efficien-
cy of CXCR2 (Figure 3D). Moreover, the result
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indicated that overexpression of EZH2 could
promote cell viability (Figure 3E), enhance the
tube-forming capacity (Figure 3F) and increase
TNF-¢, IL-1B and IL-6 levels (Figure 3G), sug-
gesting that CXCR2 overexpression contributed
to the proliferation, angiogenesis and inflam-
mation in vitro. Taken together, miR-197-3p
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Figure 3. MiR-197-3p influenced the proliferation, angiogenesis and inflammation by regulating CXCR2 in vitro.
A and B. gRT-PCR and western blot were used to measure CXCR2 expression in HUVECs after overexpressing or
silencing miR-197-3p. C. Dual-luciferase reporter assay was used to analyze the interaction between miR-197-3p
and CXCR2. D. The overexpression efficiency of CXCR2 was analyzed. E. Cell viability was analyzed after CXCR2
overexpression. F. The effect of CXCR2 overexpression on angiogenesis. G. TNF-«, IL-1B, IL-6 levels were measured
after CXCR2 overexpression. The experimental data were shown as mean + SD. *P < 0.05, **P < 0.01 and *** P
< 0.001.
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Figure 4. CXCR2 activated COX2 to regulate the proliferation, angiogenesis and inflammation in vitro. A and B. COX2
level was determined via qRT-PCR and western blot assay after overexpressing CXCR2. C-E. After transfection of
COX2 in HUVECs, cell viability, angiogenesis and inflammation were assessed via MTT C, Matrigel-based tube forma-
tion assay D and ELISA E, respectively. The experimental data were showed as mean + SD. *P < 0.05, **P < 0.01

and ***P < 0.001.

might affect the development of DVT through
interacting with CXCR2.

CXCR2 upregulated COX2 to regulate the pro-
liferation, angiogenesis and inflammation in
vitro

To further explore how CXCR2 played a promot-
ing role in DVT formation, we then examined
COX2 levels in cells transfected with CXCR2.
We found that the level of COX2 increased after
enhancing CXCR2 expression, indicating that
CXCR2 might upregulate COX2 in HUVECs (Fi-
gure 4A, 4B). Then, we overexpressed COX2
levels in vitro, and observed that COX2 overex-
pression significantly increased the cell viability
(Figure 4C), enhanced the tube-forming capac-
ity (Figure 4D) and up-regulated TNF-a, IL-13
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and IL-6 expression (Figure 4E). Overall, the
CXCR2/COX2 axis was involved in the process
of DVT in vitro.

MiR-197-3p affected venous thrombosis by
targeting the CXCR2/COX2 axis in which the
NF-kB pathway may be involved

Based on our data that miR-197-3p affected
the inflammation of HUVECs, we then began to
reveal whether NF-kB was involved in the mech-
anism by which miR-197-3p regulated inflam-
mation. As shown in Figure 5A, inhibition of
miR-197-3p increased CXCR2 and COX2 levels,
as well as the phosphorylation of NF-kB, which
suggests that miR-197-5p silencing activated
the NF-kB pathway. More importantly, the pro-
motional effect on related genes expression
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Figure 5. MiR-197-3p affected venous thrombosis through regulating NF-kB pathway by targeting CXCR2/COX2 axis.
A. CXCR2 and COX2 expressions, as well as the phosphorylation of NF-kB in HUVECs transfected with miR-197-3p
inhibitor+sh-CXCR2 were determined. GAPDH used as an endogenous control. B-D. Cell viability, angiogenesis and
inflammation were measured after transfecting with miR-197-3p inhibitor+sh-CXCR2. The experimental data were
showed as mean + SD. *P < 0.05, **P < 0.01 and ***P < 0.001.

caused by miR-197-3p inhibition was reversed
through silencing CXCR2 in vitro. Next, the func-
tional effect of the miR-197-3p/CXCR2/COX2
pathway was determined by rescue assay in
vitro. The results showed that the increased
cell viability induced by miR-197-3p inhibition
was reduced by CXCR2 silencing (Figure 5B).
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We further observed that CXCR2 silencing fur-
ther reversed the enhancement in angiogene-
sis induced by miR-197-3p inhibitor (Figure 5C).
CXCR2 knockdown reversed the promotional
effect of miR-197-3p silencing on TNF-a, IL-1
and IL-6 levels (Figure 5D). Our data indicated
that miR-197-3p may affects DVT formation by
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targeting the CXCR2/COX2 axis in vitro, in which
the NF-kB pathway may be involved.

Discussion

Since the traditional DVT treatment regimen
has few benefits to the injured endothelium
and blood vessels, it is important to explore
more effective targeted therapy strategies.
Here, we demonstrated that miR-197-3p was
decreased in the serum of patients with DVT
while CXCR2 and COX2 were up-regulated.
Furthermore, miR-197-3p enhancement con-
tributed to reducing viability, angiogenesis and
inflammation of HUVECs. More importantly, we
have first suggested that miR-197-3p directly
targeted the CXCR2/COX2 axis in HUVECs and
might regulate the NF-kB signaling pathway,
thereby further affecting the formation of
venous thrombosis. These observations sug-
gested that miR-197-3p may be a target for the
treatment of DVT.

Growing evidence has shown that miRNAs are
dysregulated and function as potential bio-
markers in human vascular diseases [21]. miR-
NAs play vital roles in the regulation of cell pro-
liferation, migration, apoptosis, angiogenesis
and inflammation, which are also essential for
the progression of DVT [22-24]. For example,
Chen et al. indicated that miR-126 showed
lower expression in the DVT mice model, and
the enhancement of miR-126 suppressed
apoptosis of HUVECs and DVT by targeting the
phosphatidylinositol 3 kinase/AKT serine/thre-
onine kinase 1 (PI3K/Akt) pathway [25]. miR-
197-3p was initially found to be down-regulated
in primary biliary cirrhosis [26], and subsequent
reports indicated that miR-197-3p was overex-
pressed, not expressed or at a low level in a
variety of cancers [27-29], while Li et al. de-
monstrated that miR-197-3p deletion promoted
endothelial cell growth in Kawasaki disease
[30], suggesting that miR-197-3p performs dif-
ferent roles in multiple human diseases. How-
ever, for venous thrombosis, only one publica-
tion demonstrated that miR-197-3p was down-
regulated and associated with recurrent DVT
[12]. In this study, down-regulation of miR-197-
3p was also observed in DVT tissues. Fur-
thermore, miR-197-3p enhancement reduced
cell viability, angiogenesis and inflammation of
HUVECs, while miR-197-3p inhibition led to
opposite results. The data demonstrated that
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miR-197-3p may participate in the progression
of DVT. However, the specific functional mecha-
nism still needs to be further explored.

Besides the decreased levels of miR-197-3p,
we also observed that CXCR2 and COX2 were
increasingly expressed in DVT. Therefore, we
hypothesized that the regulation of the bal-
anced levels between miR-197-3p and CXCR2/
COX2 might be crucial for the targeted therapy
of DVT. A study had shown that the miR-940/
CXCR2 pathway is involved in the regulation of
invasion and migration of hepatocellular carci-
noma cells [31]. Furthermore, CXCR2 may
severe as a target of certain miRNAs to medi-
ate angiogenesis in vivo through multiple signal
pathways [32]. Gollomp et al. suggested that
the retrograde migration of neutrophils into
venous thrombi can be abrogated with the
blockade of CXCR2 [33]. Most importantly,
Yago et al. demonstrated that the activation of
CXCR2 increased the frequency and size of
thrombi [15]. Based on these reports and our
experiments, we found that miR-197-3p bound
to CXCR2 and subsequently influenced the
proliferation, angiogenesis and inflammatory
response of HUVECs.

Our data suggested that the activation of
COX2 caused by CXCR2 might induce the
enhancement of angiogenesis and inflamma-
tion, consistent with the results of a previous
study [34]. The expression of COX2 was mostly
induced by proinflammatory stimuli, growth fac-
tors or cytokines [35, 36]. Overexpression of
COX2 had been reported in a different type of
tumor epithelial cells and may be involved in
cancer initiation and metastasis [37]. For the
investigation of DVT, a study suggested that
the highly selective inhibition of COX2 could
help Danshensu exert anti-thrombotic and anti-
platelet aggregation effects [18]. This coincid-
es with our findings that overexpression of
COX2, or CXCR2 could promote proliferation,
angiogenesis and inflammation. Additionally,
our data suggested that miR-197-3p inhibition
promoted the phosphorylation level of NF-kB
p65, indicating activation of the NF-kB path-
way. Cheng et al. demonstrated that cotinine
aggravated thrombus and inflammation in rats
with DVT through the activation of the TLR-4/
NF-kB inflammatory signaling pathway [38]. A
previous study indicated that COX2 might
regulate the formation of venous thrombosis
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through the NF-kB pathway [20]. Taken togeth-
er, these data support our conclusion by which
miR-197-3p promoted cell viability, angiogene-
sis and inflammation through the NF-kB path-
way by targeting the CXCR2/COX2 axis, sug-
gesting that miR-197-3p might function as a
biomarker for DVT treatment. However, the con-
clusion needs to be supported by more in vivo
data, which will be our future work.

Our study has some limitations. First, in the
study we mainly used HUVECs as a cellular
model without investigating the role of miR-
197-3p in vivo; while HUVECs obviously cannot
well represent the process of DVT develop-
ment, therefore studies with better models
(especially animal models) are needed to vali-
date our findings. Second, we did not further
explore how CXCR2 regulated COX2, while
there is a study that reported CXCR2 might acti-
vate COX2 [17], but this should be further
examined as well. Third, in our study, the inves-
tigation into the role of NF-kB pathway was an
initial investigation, which also warrants future
studies to explore the underlying mechanisms.

In conclusion, miR-197-3p was decreases in
blood sample of DVT patients, and miR-197-3p
binds to CXCR2/COX2 and regulates cell prolif-
eration, angiogenesis and inflammation of
HUVECs in which the NF-kB pathway might be
involved. These observations provide a feasible
theoretical support for better treatment of DVT.
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