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Effect of miR-223 on thrombophlebitis rats through
regulating Toll-ike receptor signaling pathway
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Abstract. - OBJECTIVE: To explore the effect
of the micro ribonucleic acid (miR)-223 on the
thrombophlebitis rats by regulating the Toll-like
receptor (TLR) signaling pathway.

MATERIALS AND METHODS: The rat model
of thrombophlebitis was established, and miR-223
was silenced or overexpressed through lentiviral
transfection. The rats were divided into miR-223
inhibitors group (Inhibitors group), miR-223 mim-
ics group (Mimics group), and normal group (Con-
trol group). The transfection efficiency of miR-223
in venous tissues was detected via Reverse Tran-
scription-Polymerase Chain Reaction (RT-PCR),
the hemorheological indexes plasma viscosity
(PV) and hematocrit (HCT) were observed, and the
content of the serum inflammatory factors inter-
leukin-6 (IL-6) and tumor necrosis factor-p (TNF-f)
were detected via enzyme-linked immunosorbent
assay (ELISA). Moreover, the fibrinolytic indexes
plasminogen activator inhibitor (PAI) and the tis-
sue-type plasminogen activator (t-PA) were de-
tected, the morphological changes in the venous
tissues were observed via hematoxylin-eosin (HE)
staining, and the gene and protein expressions of
the TLR signaling pathway were detected via RT-
PCR and Western blotting.

RESULTS: The expression of miR-223 was sig-
nificantly increased in the Mimics group (p<0.05)
and significantly decreased in the Inhibitors group
(p<0.05). The high-shear and low-shear whole
blood viscosity and HCT in the Inhibitors group
were significantly higher than those in the Mimics
group (p<0.05). The levels of serum IL-6, IL-1B, and
TNF-B in the Inhibitors group were remarkably
higher than those in the Mimics group (p<0.05).
The Inhibitors group had a remarkably lower level
of t-PA (p<0.05) and a remarkably higher level of
PAI than the Mimics group (p<0.05). Besides, the
inferior vena cava wall shed and disappeared due
to complete necrosis in the Inhibitors group. In
the Mimics group, the vascular lumen was slight-
ly expanded, and the vascular wall had intact
contour. It was found in the gene detection that
the mRNA levels of TLR2, myeloid differential
protein-88 (MyD88) and c-Jun N-terminal kinase
(UNK) were evidently increased in the Inhibitors
group, and the significant increases in the protein
levels of TLR2 and MyD88 were also observed in
the protein detection.

CONCLUSIONS: The overexpression of miR-
223 can inhibit the TLR signaling pathway, there-
by promoting the recovery of thrombophlebi-
tis rats.
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Introduction

The morbidity rate of varicosity can reach 77%
sometimes in different populations, seriously af-
fecting the patients’ quality of life'?. Varicosity is
also associated with many complications, includ-
ing thrombophlebitis with an increasing morbidi-
ty rate year by year. Superficial thrombophlebitis
leads to 3-fold increased risk of deep vein throm-
bosis (DVT) in varicosity patients’. Venography
was a golden standard several decades ago among
the research methods for the lower extremity
vein system. Therefore, increasingly more cas-
es of asymptomatic DVT have been confirmed
via examination of the venous system using ve-
nography. However, currently, the main cause of
thrombophlebitis has not been fully clarified*.
Thrombophlebitis is often secondary to epifas-
cial varicosity in acute thrombosis, whose clinical
manifestation is superficial vein accompanied by
induration. Moreover, thrombophlebitis may be
associated with skin fever, chromatosis, swelling,
and other adverse reactions in some patients, and
such systemic symptoms as fever and headache
will occur at the same time, seriously affecting
the work and life of patients™®. Thrombophlebitis
has not attracted enough attention. As described
above, thrombophlebitis is often secondary to
epifascial varicosity”®, in which special treatment
is required, including the antibiotics, anticoag-
ulants, and often thrombolysis, anti-platelet ag-
gregation, and anti-infective therapy in modern
clinical medicine, but the long-term application
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of these drugs will lead to bleeding and other
side effects’. Therefore, a deeply understanding
of its molecular regulatory network is essential
for the treatment of thrombophlebitis; moreover,
the design of new target drugs will provide new
ideas for accelerating the treatment of thrombo-
phlebitis. Therefore, searching for new targets for
thrombophlebitis has become a problem urgently
to be solved.

Micro ribonucleic acids (miRNAs) are
non-coding RNAs involved in the specific regu-
lation of protein-coding and non-coding genes.
Increasingly more studies have indicated that
one-third of the human genes may be regulated by
miRNAs'". MiRNAs can also be involved in the
regulation of the cell cycle, metabolism, and var-
ious immune responses''. In particular, Carleton
et al'? have shown that the role of miRNAs in the
pathogenesis of different diseases has been fully
explored, as it plays important roles in physiology
and various diseases. Therefore, miRNAs have
become an important gene expression regulator in
many diseases, and their regulatory network has
attracted much attention in recent years"”. MiR-
223 was previously observed in the medullary
system, especially neutrophils, which is associat-
ed with many inflammatory diseases, infection,
and cancer'!. However, its specific role in throm-
bophlebitis remains unclear. The Toll-like recep-
tors (TLRs) are a kind of cell surface sensor, and
the interaction among them triggers the activation
of the downstream pathways, leading to phos-
phorylation and translocation of the downstream
factors'®. After downstream, TLR2 activates the
myeloid differential protein-88 (MyD88), while
the MyD88-mediated signals promote the ear-
ly activation of the nuclear factor-kB (NF-«B),
responsible for the production of many pro-in-
flammatory cytokines, resulting in cell adhe-
sion, proliferation, angiogenesis, and apoptosis'®.
The MyD88 independent pathway involves c-Jun
N-terminal kinase (JNK), which leads to the late
activation of NF-kB and induces interferon reg-
ulating factor 3 (IRF3), thereby increasing the
production of interferon (INF) and INF-induced
gene products'”. However, the specific mechanism
of the effect of TLR signaling pathway on throm-
bophlebitis is still unclear, and the regulatory role
of miR-223 in thrombophlebitis rats through TLR
needs further research. In this experiment, there-
fore, the effect of miR-223 on thrombophlebitis
through the TLR signaling pathway was verified
using various molecular techniques, hoping to
provide an experimental and theoretical basis for

the prevention and treatment of thrombophlebitis
through the TLR signaling pathway.

In the present study, the rat model of throm-
bophlebitis was established, miR-223 was overex-
pressed and silenced, and the effect of miR-223
on thrombophlebitis in rats was clarified using in
vivo experiments and various molecular biolog-
ical techniques. Finally, the specific molecular
mechanism of such an effect was explored. To
sum up, the experimental results enrich and im-
prove the theoretical basis of the effects of miR-
223 on thrombophlebitis in rats and TLR signal-
ing pathway, as a consequence, the protective
effect of miR-223 in thrombophlebitis in rats was
revealed.

Materials and Methods

Reagents and Consumables

The main reagents were: tissue homogeniz-
er (Haimen Aiband Laboratory Equipment Co.,
Ltd., Haimen, China), electrophoresis apparatus
(EPS300, Bio-Rad, Hercules, CA, USA), micro-
plate reader (Multiskan MK3, Thermo, Waltham,
MA, USA), 2500 gel imager (Bio-Rad, Hercules,
CA, USA), quantitative polymerase chain reac-
tion (QPCR) instrument (7900 Fast, Applied Bio-
systems, Thermo, Waltham, MA, USA), TRIzol
(Invitrogen, Carlsbad, CA, USA) reagent, diethyl
pyrocarbonate (DEPC)-treated water (Beyotime,
Shanghai, China), ultrapure agarose, SuperScript
III reverse transcription kit and SYBR qPCR Mix
(Thermo, Waltham, MA, USA), pipettor (Eppen-
dorf, Hamburg, Germany), interleukin-1 (IL-1)
and IL-6 enzyme-linked immunosorbent assay
(ELISA) kits (Novus, Littleton, CO, USA), RIPA
lysis buffer (Beyotime, Shanghai, China), dodecyl
sulfate, sodium salt-polyacrylamide gel electro-
phoresis (SDS-PAGE) buffer, protease inhibitor
and bicinchoninic acid (BCA) protein concentra-
tion assay kit (Biosharp, Hefei, China), B-actin
and secondary antibodies (Beijing Ray Antibody
Biotech, Beijing, China), and primary antibodies
(Cell Signaling Technology, Danvers, MA, USA).

Animal Modeling and Grouping

After fasting for solids and liquids for 12 h
before the operation, the male Wistar rats were
anesthetized via intraperitoneal injection of pen-
tobarbital sodium and fixed on an operating table
in a supine position. The skin was cut along the
median abdominal line, and the inferior vena cava
was separated and ligated using the thick silk be-
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low the left renal vein to establish the rat mod-
el of thrombophlebitis. In the Control group, the
inferior vena cava was not ligated, and the other
operations were the same as above. Based on the
model of thrombophlebitis, miR-223 was silenced
and overexpressed, followed by amplification us-
ing the gene specific primers. After purification
and recycling, the reaction products and vector
fragments were ligated using T4 DNA, and the
ligation product was transferred into the com-
petent cells. Then, miR-223 was transferred into
adenovirus vectors and transfected into rats. The
rats were divided into miR-223 inhibitors group
(Inhibitors group, n=20), miR-223 mimics group
(Mimics group, n=20), and normal group (Control
group, n=20). After reaction for 24 h, subsequent
experiments were performed. All experiments
were approved by the Animal Ethics Committee
of the hospital.

Transfection Efficiency of MiR-223
in Each Group

To deeply explore the role of miR-223 in
thrombophlebitis in rats, miR-223 was transfect-
ed into rats using the adenovirus, and the trans-
fection efficiency of miR-223 in venous tissues
was detected via Real Time-Polymerase Chain
Reaction (RT-PCR), so as to prepare for the sub-
sequent study of the molecular mechanism of the
miR-223 protective effect on thrombophlebitis.

Detection of Plasma Viscosity (PV)
and Hematocrit (HCT)

The low-shear and high-shear whole blood
viscosity and HCT were measured using a blood
viscometer. 4 mL of blood was aseptically drawn
from the caudal vein, part of the whole blood was
centrifuged at 3000 rpm for 30 min, and HCT was
read. Then, the remaining blood was centrifuged
at 3000 rpm for 5 min, and the upper-layer plas-
ma was aspirated to detect PV according to the
instructions of the instrument.

Detection of Fibrinolytic Indexes
Plasminogen Activator Inhibitor (PAl)
and Tissue-Type Plasminogen
Activator (t-PA)

After that 4 mL of blood was aseptically
drawn from the caudal vein and centrifuged at
3000 rpm for 10 min under low temperature, the
supernatant was collected, subpackaged in 200
uL centrifuge tubes, added with an equal volume
of acidizing fluid and mixed evenly. Then, 100
pL of the mixture was aspirated into micro-wells
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containing standards and plasma to be tested, fol-
lowed by incubation at 37°C for 120 min. The re-
action was terminated using 30 pL of stop buffer,
the wells were washed, and the changes in each
index were detected using the kits according to
the actual conditions and the instructions. Finally,
the absorbance of indexes in each group was de-
tected using a microplate reader.

Determination of Inflammatory
Factors via ELISA

The content of the serum inflammatory factors
was detected via ELISA. After that 4 mL of blood
was aseptically drawn from the caudal vein and
centrifuged at 3000 rpm for 10 min under low
temperature, the supernatant was collected and
sub-packaged in 200 pL centrifuge tubes, fol-
lowed by incubation at 37°C for 60 min and wash-
ing. The changes in each index were detected us-
ing the kits according to the actual conditions and
the instructions. Finally, the absorbance of the
inflammatory factors in each group was detected
using the microplate reader.

Observation of Changes in Tissues
via Hematoxylin-Eosin (HE) Staining

After anesthesia with pentobarbital sodium,
the rats in each group were aseptically sacri-
ficed, and the venous tissues were separated.
Then, the dissected venous tissues were soaked
in formalin, washed with running water for 24 h,
transparentized, and embedded in paraffin. The
paraffin block was prepared into pathological
sections (about 5 um in thickness), stained with
hematoxylin for 15 min, washed with water and
counterstained with eosin for 5 min, followed by
dehydration with alcohol, transparentization, and
sealing with neutral resins. Finally, the tissues
were observed under a light microscope.

Detection of Expressions
of Related Genes via RT-PCR

After anesthesia with the pentobarbital sodi-
um, the rats in each group were aseptically sac-
rificed, and the venous tissues were separated.
About 100 mg of sterile venous tissues were ac-
curately taken under low temperature and ground
with liquid nitrogen, followed by homogenization
with lysis buffer under low temperature at 2200
rpm for 15 s to extract the total RNA, and the
RNA concentration was detected qualified. Then,
mRNA was reversely transcribed into cDNA
and stored for later use. The primer amplifica-
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tion was performed using 20 pL of system (2 uL.
of cDNA, 10 pL of mix, 2 pL of primers, and 6
uL of ddH, O, for a total of 40 cycles). The PCR
amplification was performed: pre-denaturation at
95°C for 2 min, 94°C for 20 s, 60°C for 20 s and
72°C for 30 s, for a total of 40 cycles. The prim-
er sequences of the target genes and the internal
reference glyceraldehyde 3-phosphate dehydroge-
nase (GAPDH) were designed according to those
in the GenBank (Table I). The expression levels of
the target genes were detected via RT-PCR, and
the relative expression levels of the related genes
in venous tissues in each group were calculated
using the 2-*4¢ method.

Western Blotting

After anesthesia with pentobarbital sodium,
the rats in each group were aseptically sacri-
ficed, and the venous tissues were separated.
About 150 mg of sterile venous tissues were ac-
curately taken into the 10 mL Eppendorf (EP)
tube, grounded under low temperature, and
quickly smashed using a homogenizer under
low temperature, followed by centrifugation.
The supernatant was collected and placed into
the EP tube, followed by the detection of pro-
tein concentration according to the instructions
of the BCA kit. Then, the Western blotting was
performed as follows: the total protein was
extracted from the venous tissues, subjected
to water bath for 8 min, centrifuged at 1000
g for 5 min and subjected to electrophoresis.
The protein was transferred onto a membrane
and incubated with the primary and secondary
antibodies. The protein band was scanned and
quantified using the scanner (Bio-Rad, Hercu-
les, CA, USA), and the level of the protein to be
detected was corrected using GAPDH. Finally,
the gray value of the protein band was detected
using Image Lab software.

Table I. Primer sequences in RT-PCR.

Target gene Primer sequences

TLR2 F: 5"-TGAACCAGGGCATACCT-3'
R: 5“~AGAAGTCCATGTCCGCAT-3'

MyD88 F: 5-GCTGGAGCAGACGGAGTG-3'

R: 5“AGGCTGAGAGCAAACTTGC-3'

INK F: 5“TTCATTGTGGGTAGGTGG-3'
R: 5-CTACAGCTTCCGCTTCAG-3'

Statistical Analysis

The Statistical Product and Service Solutions
(SPSS) 21.0 (IBM Corp., Armonk, NY, USA)
software was used to process the raw experi-
mental data, and the multiple comparisons were
performed for the data. The experimental results
obtained were expressed as mean + standard de-
viation ( y=SD), and p<0.05 suggested the statis-
tically significant difference. The bar graph was
plotted using the GraphPad Prism 8.0 (La Jolla,
CA, USA).

Results

Transfection Results of MiR-223
in Each Group

To observe the transfection efficiency of miR-
223 in each group, the gene expression level was
detected. As shown in Figure 1, the expression of
miR-223 was significantly increased in the Mim-
ics group (p<0.05) and significantly decreased in
the Inhibitors group (p<0.05), indicating that the
transfection effect is so evident that the subse-
quent experiments can be performed.

PV and HCT
in Each Group

As shown in Table 11, the high-shear and low-
shear whole blood viscosity and HCT in the In-
hibitors group were significantly higher than
those in the Control group (p<0.05), while they
were remarkably lower in the Mimics group than
those in the Inhibitors group (p<0.05).
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miR-223 F: 5“GTATCCAGTGCAGGGTCCA-3'
R: 5“TCGCACTGGATACGACCCC-3'
GAPDH F: 5“GACTTCAACAGCGACACCC-3'

R: 5~ ACCCTGTTGCTGTAGCCAA-3'

Figure 1. The transfection effect of miR-223. The expres-
sion of miR-223 is increased in the Mimics group (p<0.05)
and decreased in the Inhibitors group (p<0.05). *p<0.05 vs.
Control group, *»<0.05 vs. Inhibitors group.
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Table Il. PV and HCT.

Group High-shear whole blood Low-shear whole

viscosity (mPa.s) blood viscosity (mPa.s) HCT (%)
Control 33+0.2 71+0.5 40.8+ 1.5
Inhibitors 6.0 = 0.4* 14.2 £ 0.3* 50.7 + 1.6*
Mimics 4.6+0.7 9.4+ 0.5 429+ 1.2

Note: The high-shear and low-shear whole blood viscosity and HCT in the Inhibitors group are significantly higher than those
in the Control group (p<0.05), while they are remarkably lower in the Mimics group than those in the Inhibitors group (p<0.05).

*p<0.05 vs. Control group, #p<0.05 vs. Inhibitors group.

Detection Results of Fibrinolytic
Indexes PAl and t-PA

The inhibitors group had a remarkably lower
level of t-PA (p<0.05) and a remarkably higher
level of PAI than the Control group (p<0.05),
while the Mimics group had the opposite expres-
sion trends of the Inhibitors group (p<0.05) (Ta-
ble I1I).

Detection Results of Cytokines
in Each Group

The levels of the serum inflammatory factors
TNF-B, IL-6, and IL-1p were evidently higher in
the Inhibitors group than those in the other two
groups, while they evidently declined in the Mim-
ics group (p<0.05) (Table V), suggesting that the
overexpression of miR-223 can inhibit the pro-
duction of the inflammatory factors.

Table Ill. Fibrinolytic indexes PAI and t-PA (IU/mL).

Group PAI t-PA

Control 0.5+0.1 0.4+04
Inhibitors 1.5+0.2* 0.1 +£0.1*
Mimics 0.8 +0.3" 0.3+0.5%

Note: The Inhibitors group has a remarkably lower level
of t-PA (p<0.05) and a remarkably higher level of PAI than
the Control group (p<0.05), while the Mimics group has the
opposite expression trends of the Inhibitors group (p<0.05).
*p<0.05 vs. Control group, *p<0.05 vs. Inhibitors group.

Table IV. Cytokines.

HE Staining Results

In the Control group, the vascular structure
was normal. The inferior vena cava wall shed and
disappeared due to complete necrosis in the In-
hibitors group. In the Mimics group, the vascular
lumen was slightly expanded, and the vascular
wall had an intact contour (Figure 2).

Gene Detection Results

It was found in the gene detection that the
mRNA levels of TLR2, MyD88, and JNK were
evidently increased in the Inhibitors group, while
they were evidently decreased in the Mimics
group (Figure 3).

Protein Detection Results

The significant increases in the protein levels
of TLR2 and MyD88 were also observed in the
protein detection in the Inhibitors group, while the
Mimics group had the opposite trends (Figure 4).

Discussion

Thrombophlebitis will cause a variety of sec-
ondary reactive diseases in the severe stage, so
the early accurate diagnosis is the key to a suc-
cessful treatment and improvement of progno-
sis. MiR-223 can be involved in the regulation of
thrombophlebitis, and its main role is to negative-
ly regulate the inflammatory response. However,
the regulatory effect of miR-233 on thrombo-

Group IL-1B (mg/L) TNF-B (fmol/mL) IL-6 (mg/L)
Control 55.38 + 4.01 36.10 % 5.00 71.14 +3.47

Inhibitors 131.40 + 3.07% 80.99 + 4.41* 135.14 £ 3.21%
Mimics 70.08 = 2.017 46.88 + 4.847 8§2.88+ 3.1

Note: The levels of IL-6, IL-1p, and TNF-f are significantly increased in the Inhibitors group and remarkably decreased in the
Mimics group (p<0.05). *p<0.05 vs. Control group, “p<0.05 vs. Inhibitors group.
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Inhibitors

Figure 2. HE staining results. In the Control group, the vascular structure is normal (%200). The inferior vena cava wall sheds
and disappears due to complete necrosis in the Inhibitors group (x200). In the Mimics group, the vascular lumen is slightly

expanded, and the vascular wall has intact contour (x200).

phlebitis in rats through TLR still needs further
research. In the present study, the rat model of
thrombophlebitis was established, miR-223 was
silenced and overexpressed, and whether miR-
223 plays a role in thrombophlebitis was further
observed, so as to find potential therapeutic meth-
ods. This model has a similar physiological pro-
cess of thrombophlebitis to human, so it can be
well used as the object of study. To observe the
transfection efficiency of miR-223 in each group,
the gene expression level was detected. The re-
sults showed that the expression of miR-223 was
significantly increased in the Mimics group, indi-
cating that the transfection effect is so evident that
the subsequent experiments can be performed. In
addition, it was found in the HE staining that the
inferior vena cava wall shed and disappeared due
to complete necrosis in the Inhibitors group, the
vascular lumen was slightly expanded, and the
vascular wall had intact contour in the Mimics

group, which is consistent with the study of Li et
al'’®. There are often changes in hemorheology in
thrombophlebitis, and the blood viscosity under
different shear rates can reflect the hemorheolog-
ical features. T-PA is the major activator of the
fibrinolytic system, and PAI is a specific inhib-
itor of t-PA'%, In this study, the high-shear and
low-shear whole blood viscosity and HCT in the
Inhibitors group were higher than those in the
Control group, while the Inhibitors group had a
remarkably lower level of t-PA and a remarkably
higher level of PAI than the Control group, in line
with the above studies.

Studies have demonstrated that miR-223 plays
an important role in inflammation. MiR-223 was
first identified as an important regulator of for-
mation and homeostasis of mature neutrophils;
later it was found that miR-223 is an important
anti-inflammatory mediator, and the up-regula-
tion of miR-223 in neutrophils produces a potent
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Figure 3. Gene detection results. The mRNA
levels of TLR2, MyD88 and JNK, are increased
in the Inhibitors group, while they are decreased
in the Mimics group. *p<0.05 vs. Control group,
"p<0.05 vs. Inhibitors group.
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Figure 4. Protein detection results. The significant increases in the protein levels of TLR2 and MyD88 are also observed in
the Inhibitors group, while the Mimics group has the opposite trends. *p<0.05 vs. Control group, “p<0.05 vs. Inhibitors group.

inhibitory pathway?'. According to He et al?, the
specific overexpression of miR-223 may alleviate
the inflammatory response in neutrophils, and also
inhibit the production of IL-1f3. Moreover, miR-223
regulates leukocyte chemotaxis through chemo-
tactic agents, which is essential for controlling the
chronic inflammatory diseases. In addition, miR-
223 can suppress the activation of macrophages®.
In the present investigation, the levels of the serum
inflammatory factors TNF-, IL-6, and IL-1J3 were
remarkably higher in the Inhibitors group than
those in the other two groups, while they signifi-
cantly declined in the Mimics group, suggesting
that the overexpression of miR-223 can inhibit the
production of the inflammatory factors. TLRs are
the transmembrane proteins in the mammalian
cells which are mainly involved in the identifica-
tion of the bacterial and viral components®. There
are increasingly more studies that TLRs participate
in the immune responses®. The long-term tissue
damage and production of endogenous TLR2 li-
gands can activate TLR2 signals, leading to phos-
phorylation and translocation of the downstream
factors, mainly including MyD88 and JNK. The
MyD88-mediated signals will promote the early
activation of NF-kxB, responsible for the production
of many pro-inflammatory cytokines, resulting in
cell adhesion, proliferation, and angiogenesis®. In
this study, it was found in the gene detection that
the mRNA levels of TLR2, MyD88, and JNK were
increased in the Inhibitors group, while they were
decreased in the Mimics group. The significant in-
creases in the protein levels of TLR2 and MyDS§8
were also observed in the protein detection in the
Inhibitors group, in line with the research results of
Zhou et al*” and Picardi et al?®. This work demon-
strates that the up-regulation of miR-223 expres-
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sion can inhibit the secretion of the inflammatory
factors, and suppress the expression of the TLR
signaling pathway, thereby promoting the recovery
of thrombophlebitis. However, there are also some
deficiencies in this research. For example, only in
vivo experiments were performed, and there was
no cell culture in vitro to confirm the effect of miR-
223 on thrombophlebitis and its influence on the
TLR signaling pathway.

Conclusions

A series of pathological changes, such as in-
flammation and abnormalities in the hemorheo-
logical indexes, will occur in thrombophlebitis,
but miR-223 can inhibit the occurrence of the
diseases through the TLR signaling pathway, so
miR-223 and TLR can serve as new targets for
the treatment of thrombophlebitis. To sum up, the
present study provides a theoretical basis for the
prevention and treatment of thrombophlebitis and
offers new ideas and an experimental basis for
further research.
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