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Background. The eftect of IncRNA X inactive-specific transcript (XIST) inducing cardiovascular diseases on deep vein thrombosis
(DVT) and its mechanism has not been reported. In this study, we uncovered the mystery that IncRNA XIST causes DVT with
HUVEC dysfunction. Method. The expression levels of IncRNA XIST and miR-103a-3p were detected by qRT-PCR, and
HMGBI expression was determined by qRT-PCR and western blot. The correlations among the expression levels of IncRNA
XIST, miR-103a-3p, and HMGBI1 were determined by Spearman’s rank-order correlation test. XIST siRNA (si-XIST) was
transfected into HUVECs to knock down the intrinsic expression of IncRNA XIST. The influences of si-XIST on interleukin-1
beta- (IL-1B3-) treated HUVEC viability and apoptosis and the level of tissue factor (TF) were detected by MTT, flow
cytometry, and ELISA kit, respectively. The relationships between IncRNA XIST, miR-103a-3p, and HMGBI1 were predicted by
the Encyclopedia of RNA Interactomes (ENCORI) database and verified by dual luciferase reporter assay. The effects of
IncRNA XIST and miR-103a-3p on HMGBI1 expression were detected by qRT-PCR, western blot, and immunofluorescence
analysis. The levels of ROS/NF-«B pathway-related proteins were detected to study the regulatory mechanism of IncRNA
XIST/miR-103a-3p/HMGBI1 on IL-1j3-treated HUVECs apoptosis and change of TF level. Results. The upregulated expression
levels of IncRNA XIST and HMGBI1 and downregulated level of miR-103a-3p were found in the plasma of DVT patients and
IL-1p-treated HUVECs. Si-XIST promoted cell viability and inhibited HUVEC apoptosis and ameliorated the change of TF
level triggered by IL-1f. IncRNA XIST sponged miR-103a-3p and miR-103a-3p targeted HMGBI1. Si-XIST inhibited the ROS/
NEF-xB pathway to suppress HUVEC apoptosis and ameliorate the change of TF level induced by IL-18 via the miR-103a-3p/
HMGBI axis. Conclusion. IncRNA XIST sponged miR-103a-3p improving HMGBI expression to exacerbate DVT by activating
the ROS/NE-«B signaling pathway. Our findings indicated that IncRNA XIST can be used as a potential therapeutic target in DVT.

was conducted, but these therapeutic methods have side
effects and cannot be applied to all patients [3]. Therefore,

Deep vein thrombosis (DVT) is one of the serious cardiovas-
cular diseases (CVDs) [1], which is abnormal blood coagula-
tion in the deep vein. 10 million DVT cases are found in
China every year [2]. Only a few DVT patients will recover
by themselves based on the spontaneous dissolution of the
thrombus, and most DVT patients need operations to
improve their life qualities. Endovascular or open surgery

the development of new therapies is necessary.

Some researchers reported that vascular wall injury and
blood flow change (abnormal blood coagulation) are the main
factors leading to DVT [2]. The vascular wall injury is caused
by the injury of the vascular endothelial cells. Human umbili-
cal vein endothelial cells (HUVECs) have been used in plenty
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of studies on anticoagulation function. The injury and apopto-
sis of HUVECs make cells lose the normal anticoagulation
function. Meanwhile, it also promotes the formation of
thrombus [2]. Moreover, coagulation disorders are associated
with blood clot formation to exacerbate thrombus [4]. Long
noncoding RNAs (IncRNAs) are longer than 200 nucleotides
without protein-coding capacity [5]. The competitive combi-
nation of IncRNAs and microRNA (miRNA) regulates the
expression of messenger RNA (mRNA) [6], which further reg-
ulates many biological processes [7, 8]. Some IncRNAs related
to CVDs might be involved in DVT development. Hypergly-
cemia and hypertension can injure the vascular endothelial
cells to form thrombus due to metabolic disturbance. Athero-
sclerosis results in the narrowing of the vascular lumen and
the increase in blood viscosity, which may lead to thrombus
formation. The expression level of IncRNA XIST was higher
in pulmonary hypertension compared with the healthy person
[9]. Meanwhile, IncRNA XIST was overexpressed to enhance
gestational diabetes mellitus by sponging miR-497-5p/
forkhead box protein 1 (FOXO1) [10]. What is more, the
knockdown of IncRNA XIST could reduce the vascular wall
injury induced by low-density lipoprotein via miR-204-5p/
toll-like receptor 4 (TLR4), which attenuated atherosclerosis
[11]. Therefore, XIST IncRNA expression might be signifi-
cantly increased in DVT.

miRNAs are short (18-22 nt) RNAs without coding abil-
ity. miRNAs can bind to the 3" untranslated regions (UTR)
in mRNA to induce gene silence, which inhibits the transla-
tion or promotes mRNA degradation. It was found that
miRNAs participated in the process of many diseases includ-
ing DVT by regulating the expression of genes that are cru-
cial for the pathogenesis of the disorders [12]. There was a
low expression of miR-103a-3p reported in patients with
thrombosis [13]. In addition, it has been reported that low
expression level of ImiR-103a-3p blocked normal functions
of endothelial progenitor cells (EPCs, the source of endothe-
lial cells) under the regulation of phosphatase and tensin
homolog (PTEN) in DVT [12]. The development of lower-
extremity deep venous thrombosis (LEDVT) was reduced
by inhibiting chemokine 12 (CXCL12) with the increase of
miR-103a-3p expression [14].

High-mobility group box 1 (HMGBI1) was released with
the activation of innate immunity. HMGBI is not only the
main regulator of the coagulation cascade but also partici-
pates in the apoptosis of cells [15-18]. The expression level
of HMGBI1 was enhanced significantly in DVT [15].
HMGBI1 was proven to induce apoptosis and inflammatory
reaction. Meanwhile, the risk of DVT was increased in
patients diagnosed with coagulation disorders followed by
the injury of HUVECs undergoing apoptosis [19-21]. The
reactive oxygen species (ROS) signal pathway was activated
based on the abundant HMGBI1. In addition, the inflamma-
tory factor interleukin-1 beta (IL-1p) also enhanced the ROS
level by activating the inflammatory cascade [22-24]. ROS
made a great contribution to coagulation impairment by ele-
vating the level of TF, and abnormal blood coagulation
increased the risk of DVT [1, 25]. ROS also stimulated the
apoptosis of HUVECs to promote DVT via the NF-«B sig-
naling pathway [2, 26].
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The direct binding relationship between IncRNA XIST
and miR-103a-3p was predicted by the Encyclopedia of
RNA Interactomes (ENCORI) miRNA database (https://
starbase.sysu.edu.cn/agoClipRNA.php?source=mRNA).
miR-103a-3p targeting HMGBI1 reduced sepsis-induced
liver injury [27]. Considering the above information, we will
explore the connection between IncRNA XIST and miR-
103a-3p/HMGBI1 axis in IL-1f3-treated HUVECs and the
involvement of the underlying mechanisms.

2. Material and Methods

2.1. Clinical Samples. The plasma samples from 20 DVT
patients and 20 healthy volunteers were collected from the
Shandong Provincial Hospital Affiliated to Shandong First
Medical University. The included DVT patients were con-
firmed by color doppler ultrasound and lower extremity
angiography without a history of hypertension, diabetes
mellitus and other chronic diseases. The informed consent
was signed by all patients and healthy persons. Blood sam-
ples were drawn in 5mL tubes containing sodium citrate
and were shipped to laboratories. To obtain the plasma,
the blood samples were immediately centrifuged at
3000 rpm for 10 min and then frozen at -70°C until further
analysis. Meanwhile, our study met the ethical requirements
and obtained approval.

2.2. Cell Culture. The HUVECs were acquired from Ameri-
can Type Culture Collection (ATCC, USA) and cultured in
the endothelial cell medium with the addition of 5% FBS,
1% penicillin, and 10% endothelial cell growth supplement
(Sigma, USA). The cultures were maintained in humidified
atmosphere containing 5% CO, at 37°C. HUVEC cultures
at 80% confluency were used for further tests.

The HUVECs were incubated with no addition (control
group) or different concentrations of IL-18 (2, 5, 10, and
20ng mL!) for different periods (24, 48, and 72 h).

2.3. MTT Assay. 200 uL of HUVECs were transferred into
96-well plates (3 x 10 cells well ). After incubation for 4 h
with 10 uL MTT (5 mgmL"), the supernatant was discarded.
The cells were treated with 100uL dimethyl sulfoxide.
Finally, the absorbance was measured by a microplate reader
at 490 nm.

2.4. Cell Transfection. siRNA against XIST (si-XIST) and si-
NC was obtained from Gene Copoecia (Guangzhou, China)
[28]. miR-130a-3p inhibitor, negative control of the inhibi-
tor (inhibitor-NC), miR-130a-3p mimics, mimics NC,
HMGBI1 siRNA (si-HMGBL1), and siRNA negative control
(si-NC) were obtained from Gene Pharma (Shanghai,
China) [12, 29]. The scrambled RNA was used as the con-
trol. The nontrasfected HUVECsS served as the blank group.
All of their sequences were listed in Table 1. The HUVECs
were plated into 6-well plates. After 24 hours, the cultures
were transfected using Lipofectamine 3000 reagent (Invitro-
gen, USA). After transfection, the cells were cultured in the
nutrient-rich medium for 5h. For the need of the planned
experiments, cells were subcultured and maintained in a
standard medium.
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TaBLE 1: RNA oligonucleotides used for cell transfection.

RNA oligonucleotides

RNA oligonucleotides sequences

Si-NC

Si-XIST

Inhibitor-NC

miR-130-3p inhibitor

Si-NC

Si-HMGB1

5'- UCU AGA AGU GCU UGC AGC A TT -3'
3'- TT AGA UCU UCA CGA ACG UCG U -5'
5'- GGA CCA GUU CAG UAC CAU A TT -3/
3~ TT CCU GGU CAA GUC AUG GUA U -5'
5' CUG CUA GAC GAU GCU GCU GCA-3'
3'- GAC GAU CUG CUA CGA CGA CGU -5'
5'- GAC CAG AGG UGU GCA GCU UUC -3’
3'- CUG GUC UCC ACA CGU CGA AAG -5
5'- UGU AGU UCA UCG UCU AGC A TT -3/
3'- TT ACA UCA AGU AGC AGA UCG U -5’
5'- GGA CCA CUA CAG AUG CAU A TT -3’
3'- TT CCU GGU GAU GUC UAC GUA U -5

2.5. qRT-PCR. The total RNAs were extracted from
HUVECs by TRIzol (Life Technologies, USA) reagent. Then,
the RNAs were used to synthesize cDNA using the Prime-
Script RT reagent Kit (Takara, Japan). The qRT-PCR was
conducted with SYBR-Green qPCR Master Mix (Takara,
Japan). The housekeeping reference gene was GAPDH, and
the expression of relative RNA was determined by the
27248 method. The primer sequences were listed in Table 2.

2.6. Western Blot. The proteins were attained by RIPA lysis
buffer (Beyotime, China). Then, the proteins were separated
by SDS-PAGE. After transferring onto the PVDF mem-
brane, the blots were incubated in 5% nonfat milk in TBS.
Next, the membrane was incubated at 4°C overnight with
the primary monoclonal rabbit anti-human antibodies
(HMGB1, 1:10000; Bax, 1:1000; Cleaved caspase 3, 1:500;
Bcl-2, 1:1000; p65, 1:1000; p-p65, 1:1000; GAPDH,
1:10000; B-actin, 1:200) (Abcam, USA). After washing with
TBST, the membrane was treated using the secondary poly-
clonal horseradish peroxidase- (HRP-) linked goat anti-
rabbit IgG antibodies (1:1000) (Cell Signaling Technology,
USA). Finally, the membrane was treated with an enhanced
chemiluminescence reagent (Beyotime, China). The Image]

software v1.48 was used for the quantification of protein
bands.

2.7. Detection of Cell Apoptosis by Flow Cytometry. The apo-
ptosis of HUVECs was determined using Annexin V-FITC/
PI double staining kit (Beyotime, China). The sample was
further analyzed using the FACSCanto flow cytometer (BD
Biosciences, USA) [30].

2.8. TF Elisa. The HUVECs (2 x 10°) were placed into 6-well
plates and lysed with cell lysis buffer containing 1% protease
inhibitor cocktail for 5h. After centrifuging (10000g) for
10 min, TF level was detected by the Tissue Factor Quanti-
kine ELISA kit (Bio-Techne Ltd, UK) [31].

2.9. Dual-Luciferase Reporter Assay. The direct binding abil-
ity of IncRNA XIST and miR-103a-3p was detected by Pro-
mega Luciferase Assay System (Promega, USA). The
wildtype (WT) containing miR-103a-3p binding site and
mutant (MT) without miR-103a-3p binding site of IncRNA
XIST was subcloned into PsiCHECK?2 luciferase reporter
vectors, individually. Then, the PsiCHECK2 vectors and
miR-103a-3p mimic or mimic-NC were cotransfected into
the HUVECs. After 48h, the relative fluorescence value
(Luciferase/Renilla) was detected. A similar operation
method was conducted to detect the direct binding ability
of miR-103a-3p and HMGBI.

2.10. Immunofluorescent Analysis. The HUVECs were fixed
in 4% paraformaldehyde then rehydrated. The cells were
immersed in 0.2% triton in PBS for 5min. Then, 2% bovine
serum albumin was used to prevent the nonspecific binding
of antibodies. After washing with PBS, the cells were incu-
bated overnight with the primary monoclonal rabbit anti-
human antibody (HMGBI, 1:250, Abcam, USA). Then,
the secondary polyclonal goat anti-rabbit IgG antibody con-
jugated to Alexa Fluor 594 was applied (1:200, Abcam,
USA). Meanwhile, the nuclei were stained with DAPI (Beyo-
time, China) for 2 minutes. The images of the cells were cap-
tured using a fluorescence microscope and analyzed using
Image] software v1.48 [29, 32].

2.11. Reactive Oxygen Species (ROS) Analysis. The ROS level
was examined by DCFH-DA staining (Sigma-Aldrich, USA).
In brief, HUVECs (10* cells) were plated on 96-well black
plates and cultured overnight. Next, HUVECs were treated
with 50 uM DCFH-DA staining kit (Sigma-Aldrich, USA)
for 20 minutes at 37°C. After washing with PBS, the fluores-
cence intensity indicating the ROS level was determined
with a microplate reader [33, 34].

2.12. Statistical Analysis. Each experimental group of cells
was cultured in triplicates, and the results were presented
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TABLE 2: Primers used for qRT-PCR.
Genes Primer sequences
Forward: 5'-CTACATTCCTGAGCCGTTATCT-3'
XIST
Reverse: 5'-GGATGTAATCGACGTCTCTCAT-3’
Forward: 5'-TCCGCTGTAGAGATAGGC-3'
miR-130-3p , )
Reverse: 5’ -ATGGAGACTGAGGATCACTG-3
Forward: 5'-TGCGACAAGATCGTGCATCC-3’
HMGB1 . .
Reverse: 5'-GCAGTAGAGCTTCTACTCGTAG-3
U Forward: 5'-CTCGCTTCGACAGCACAGATACT-3'
6
Reverse: 5'-ACGCTTCACGAACTTGCGTGTC-3
Forward: 5'-CGCTCTCTGCTCCTACTGTTC-3’
GAPDH

Reverse: 5'- ATCtGTTGACTCCGACATTCAC-3'

TaBLE 3: Baseline characteristics of DVT patients and healthy
controls.

- Healthy controls DVT patients
Characteristics (n=20) (n=20)
Age, years 49.24+13.75 48.75 +14.24
(mean + SD)

Gender, females/ 9/11 9/11
males

2
BMI, kg/m 24.04 + 4.47 23.96 + 4.56
(mean + SD)
Hypertension 0 0
Diabetes mellitus
Other chronic 0 0

diseases

as mean + standard deviation. Statistical analysis was per-
formed using Student’s t-test (between two groups) and
one-way ANOVA (among multiple groups). Spearman’s
rank-order correlation test was used to calculate the correla-
tion of IncRNA XIST and miR-103a-3p, miR-103a-3p, and
HMGBI. P<0.05 was considered statistically significant.
The graphs were prepared using GraphPad Prism 6.0
software.

3. Results

3.1. Knockdown of IncRNA XIST Attenuated the Apoptosis of
HUVECs and Resulted in a Decrease of IL-1B-Induced TF
Level In Vivo. The baseline characteristics of DVT patients
and healthy volunteers were in Table 3. At first, QRT-PCR
was executed to detect the expression levels of IncRNA XIST,
miR-103a-3p, and HMGB1 mRNA in the plasma of 20 DVT
patients (DVT group) and 20 healthy persons (normal
group).

The expression levels of IncRNA XIST and HMGBI1
mRNA in DVT patients were higher than that in healthy
persons. However, miR-103a-3p had a lower expression in
DVT patients compared with healthy persons (P <0.01)
(Figure 1(a)). Meanwhile, the high expression level of

HMGBI1 protein (P <0.01) in DVT patients was shown by
western blot (Figure 1(a)). Then, the correlations between
the expression levels of IncRNA XIST, miR-103a-3p, and
HMGB1 mRNA were analyzed by Spearman’s rank-order
correlation test. The expression levels of IncRNA XIST and
miR-103a-3p had a negative correlation (P<0.01, R*=
0.67), and the expression levels of HMGBl mRNA and
miR-103a-3p also had a negative correlation (P < 0.01, R?
=0.69). A positive correlation between IncRNA XIST and
HMGB1 mRNA expression was also found (Figure 1(b))
(P <0.01, R?=0.70), which indicated that IncRNA XIST,
miR-103a-3p, and HMGB1 might participate in the regula-
tion of DVT. To further study the regulatory roles of
IncRNA XIST, miR-103a-3p, and HMGB1 on HUVEC:s in
DVT, IL-18 was added into the HUVEC culture medium
to simulate the formation of DVT. Compared with the con-
trol group, the cell viability of HUVECs was inhibited signif-
icantly with the addition of 10ngmL™" IL-1p for 48h, and
cell viability was lower than 50% (P <0.01) (Figure 1(c)).
Therefore, the HUVECs treated with 10ngmL™ IL-1p for
48h were used in the subsequent experiments. The results
of qRT-PCR indicated that IncRNA XIST and HMGBI
mRNA were highly expressed (P < 0.01), and the expression
level of miR-103a-3p was inhibited observably (P < 0.01) in
HUVECs treated by IL-18 (Figure 1(d)). Then, IncRNA
XIST was knocked down to detect its effect on HUVECs
under IL-1f treatment. There is a significant enhancement
of cell viability of HUVECs under si-XIST transfection
(P<0.01) compared with transfection of si-NC
(Figure 1(e)). More importantly, si-XIST could distinctively
improve the cell viability after IL-1f treatment (P < 0.01)
(Figure 1(e)). In addition, the apoptosis of HUVECs was
reduced significantly by si-XIST transfection compared with
si-NC transfection after IL-18 treatment (P <0.01)
(Figure 1(f)). In addition, the expression levels of apoptotic
proteins were determined to further evaluate the effect of
IncRNA XIST on cell apoptosis. In detail, the expressions
levels of proapoptotic Bax protein and cleaved caspase 3
were downregulated, and the expression of antiapoptotic
protein Bcl-2 was upregulated in the si-XIST+IL-1f group



Cardiovascular Therapeutics

T
DVT

ok

[ ]
0%,
e®e

T
Normal

T T T T T
wn < o N — (=}

uo1ssaIdXa TOWE] AT

T T T T T
wn A o N — [=J

#%
DVT

Normal

uotssaxdxa dg-eg1-gIwr aanje[yg

DVT

ek

..z.
...
®eed
T
Normal

T T T T T
wn Al o N — [=J

uorssaxdxa JSTX VNYOUT ATy

T
DVT

ok

_|

T
Normal

T T
< [Sa}

T
N

T
—

(=}

[943] uorssardxs uraoid saneoy

DVT

Normal

HMGB1 [ e S ————— 0 KDa

carpr [ :; -

()

)
% <= g
* m Qq =
& S ww
s T
N = m =4
3| % o 77
* AR S |
g g €
=}
S ob bd
= & & =2
+ O aun
('}
_ : _ ooo
=3 = 1=
frg) S e}
- =
(%) Anmqera PO
- N
g
S
2
3 Lo &
(=] o
v 5
. &
L &
a o
=
;
=
r'yd
Y o E
T ~
S N <
<t 3} N
~ N
bt -
=1
8 ¢
w .
2 . S
(=] L~
v o @ i
& o ~
&
L &
a o r
D
=
o ° o g °
r T ~ r T T
= 1 < o n wn N
<t o N < o N (o]
uorssaxdxa TSTX VNROUT uorssardxa (g

4.0

3.5

3.0

2.5

O 10ngmL ' IL-18
W 20 ngmL ' IL-1p

LncRNA XIST expression

(©

(®)

ok
il
T
IL-18

Blank

T T T T
A o N — (=]

uotssa1dxa [OWE 2A1e[Y

sk k
=3
T
IL-1B

-
Blank

T T T T
< o N — o

uorssaxdxa dg-eg(1-gTur aAne[y

ik'i
T
IL-18

Blank

T T T T
<t o [g\] — (=]

uorssaxdxa [STX A1y

(d)

FiGure 1: Continued.



Apoptosis rate (%)

30 4

20

10 A

sk

XIST expression

0.0

o
wn
Il

1.5 4

by
o
1

sk

T

Blank -:l-l
si-NC K

si-XIST -]4

si-NC+IL-1 -

si-XIST+IL-18

Blank

ECD-A

ECD-A

ok
kek
100 _—
— . I
80
60

Cell viability (%)

Cardiovascular Therapeutics

k3

T T T
. . v
si-NC  si-XIST L2 g Q.
= 5 o
=) ‘@ < =
7] +
=
2
2]
S
B
(e)
Blank : P1 si-XIST : P1
aUL1 T1% GIURE 06%) G1UL2 6% QLR TR
10 . 10° o
< <
10° 4 A A 10° 4
[} Qo
R m s
104 4 10¢
10° 4 10°
T
100 106 10°  10° 107 100 106 10° 10° 107 100 10 10° 10° 107
FITC-A FITC-A FITC-A
Blank si-NC si-XIST

si-NC+IL-1b: P1

si-XIST+IL-1b: P1

T
10° 10* 10° 10° 107
FITC-A

si-NC+IL-1p3
()

ECD-A

10° 10* 10° 10° 107
FITC-A

si-XIST+IL-18

Figure 1: Continued.



Cardiovascular Therapeutics 7

2.0 ek
Q. o} -
@ £ T ok wk
i = ~ k3 _ ool
- o = ek %
BT E S 1.5
~x o - O 3 z 19 T 7w
E 2 % =z & g ” T
= w  wm W B = B k.
: 1.04L T Iz N
Bax M M S M 20 KDa 3 = 400
Cleaved 2 I I i
2. 3
caspase 3 - - C 17KDa g 054 Hok
B2 o, 300 ——=
~

Gaepir | . 7 < 00

200 ~

100

[0 Blank W si-NC+IL-18
O si-NC [ si-XIST+IL-1p
O si-XIST

(® ()

F1GURE 1: Knockdown of IncRNA XIST attenuated the apoptosis of HUVECs and resulted in a decrease of IL-1f3-induced TF level in vivo.
(a) The expression levels of IncRNA XIST and miR-103a-3p were detected by qRT-PCR, and the expression level of HMGBI1 was analyzed
by qRT-PCR and western blot. (b) The correlations among the expression levels of IncRNA XIST, miR-103a-3p, and HMGB1 were
calculated by Spearman’s rank-order correlation test. (c) The cell viability of HUVECs under IL-1f addition was determined by MTT
assay. (d) The expression levels of IncRNA XIST, miR-103a-3p, and HMGBI1 were measured under IL-18 treatment by qRT-PCR. (e)
The expression level of IncRNA XIST in transfected HUVECs was analyzed by qRT-PCR, and the cell viability in transfected cells was
detected by MTT assay. (f) The cell apoptosis was analyzed by Annexin V-FITC/PI double staining kit. (g) The expression levels of
proteins related to apoptosis were detected by western blot. (h) The concentration of TF antigen was determined by the ELISA kit. The
nontransfected HUVECs served as the blank group. *P < 0.05 and **P < 0.01.

Bax
Cleaved caspase 3
Bcl-2
TF antigen (pg/mL)
IS
Blank - |-|
si-NC I-I
*
si-XIST - |-|
si-NC+IL-1 1 |-| &

si-XIST+IL-18

hsa-miR-103a-3p | ENSG00000229807 | XIST IincRNA‘ R | * S rept= -3 A ngancCCRUCCUNMANOCTINCH |
[ B | A RN RN
1.5
LncRNA-XIST uuguucClCALllCCUUG/-‘?UGCIZlTJC]iICa .
MiR-103a-3p 3guaucGGGACAUGUUACGACGa z o
S =
MT LncRNA-XIST uuguucCCAACCUUGUACGUCGa s 1.0 ] 37
g 3 ok
“ j=¥
T>, 0.5 ,%*
00 %‘ L L
XIST MT XISTWT Q
- =
[ mimic NC <0 . . .
[J miR-103a-3p mimic Blank si-NC si-XIST

(a) (b)

FIGURE 2: IncRNA XIST sponged miR-103a-3p in HUVECs. (a) Bioinformatic analysis using ENCORI database showed the interaction
between IncRNA XIST with miR-103a-3p, and the binding relationship of IncRNA XIST and miR-103a-3p was verified by luciferase
reporter gene assays. MT: mutant type; WT: wild type. (b) The expression of miR-103a-3p in transfected HUVECs was detected by qRT-
PCR assays. *P < 0.05 and **P < 0.01.

in comparison with the si-NC+IL-18 group (P<0.01)  ated the IL-1pB-triggered apoptosis of HUVECs and the change
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cial ELISA kit, and it was found that si-XIST reduced the TF

level under IL-1f treatment (P < 0.01) (Figure 1(h)). These  3.2. IncRNA XIST Sponged miR-103a-3p. The target relation-

results indicated that the knockdown of IncRNA XIST attenu- ship between IncRNA XIST and miR-103a-3p was forecasted
by the ENCORI database (Figure 2(a)). In addition, the direct
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FIGURE 3: The expression of HMGB1 sponged by miR-103a-3p was improved by adding IncRNA XIST to sponge miR-103a-3p. (a)
Bioinformatic analysis using ENCORI database shows the interaction of miR-103a-3p with HMGBI, and the binding relationship of
miR-103a-3p and HMGBI1 was proved by luciferase reporter gene assays. (b) The expression of miR-103a-3p in transfected HUVECs
was detected by qRT-PCR. (c) The expression of HMGBI in cotransfected cells was analyzed by qRT-PCR. (d) The expression level of
HMGBI protein in cotransfected cells was analyzed by western blot. (e) The expression level of HMGBI1 protein in cotransfected cells
was detected by immunofluorescence analysis (scale bar: 20 ym). The nontrasfected HUVECs served as the blank group. *P < 0.05 and

**P<0.01.

binding ability of IncRNA XIST on miR-103a-3p was verified
by dual luciferase reporter assay. The luciferase activity in the
XIST WT+miR-103a-3p mimic group was significantly
decreased (P < 0.01). Meanwhile, the luciferase activity was
almost unchanged in the other three groups, which revealed
that IncRNA XIST could target miR-103a-3p (Figure 2(a)).
Then, the relative expression level of miR-103a-3p was deter-
mined using qRT-PCR. It was obvious that IncRNA XIST
knockdown could promote the expression level of miR-103a-
3p significantly (P < 0.01) (Figure 2(b)).

3.3. miR-103a-3p Sponged HMGBI and IncRNA XIST Could
Increase the Expression of HMGBI by Inhibiting miR-103a-
3p. The target relationship between HMGB1 and miR-
103a-3p was predicted by the ENCORI database
(Figure 3(a)). It was further verified with the dual luciferase
reporter assay. The luciferase activity in the miR-103a-3p

mimic+HMGB1 WT was significantly lower in contrast to
the other three groups, which showed that miR-103a-3p
could bind to HMGBI1 (Figure 3(a)). To further explore
the influence of miR-103a-3p on HMGBI expression, the
transfection efficiency of the miR-103a-3p inhibitor was
detected. The results reported that the expression of miR-
103a-3p was reduced significantly by adding miR-103a-3p
inhibitor (P <0.01) (Figure 3(b)). As shown in Figure 3(c),
si-XIST inhibited the HMGB1 mRNA expression and miR-
103a-3p inhibitor rescued the inhibitory effect of si-XIST
on HMGBI expression (P < 0.01). The result of western blot
was consistent with the results of qRT-PCR (Figure 3(d))
(P <0.01). Moreover, the results of the immunofluorescent
assay further verified the effect of IncRNA XIST and miR-
103a-3p on HMGBI1 expression. Si-XIST inhibited the
expression of HMGBI, and the addition of miR-103a-3p
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FiGurg 4: ROS-induced apoptosis and change of TF level based on adding IL-1f were regulated via IncRNA XIST/miR-103a-3p/HMGBI.
(a) The ROS production in cotransfected cells was analyzed by DCFH-DA staining. (b) The expression levels of proteins related to the NF-
«B pathway and apoptosis in cotransfected cells were analyzed by western blot. (c) The viability of cotransfected cells was determined by
MTT assay. (d) The apoptosis of cotransfected cells was tested by Annexin V-FITC/PI double staining kit. (e) The concentration of TF
antigen in cotransfected cells was determined by the ELISA kit. *P < 0.05 and **P < 0.01.

inhibitor can retard the inhibiting effects of si-XIST on
HMGBI expression (P < 0.01) (Figure 3(e)).

3.4. Knockdown of IncRNA XIST Alleviated the IL-1§3-
Induced Apoptosis and Change of TF Level by Regulating
the ROS/NF-kB Signal Pathway via miR-103a-3p/HMGBI
Axis. To study the regulatory roles of the IncRNA XIST/
miR-103a-3p/HMGBL1 axis on apoptosis and TF level, the
change of ROS level was exhibited in Figure 4(a). Compared
with the IL-1f+ si-NC + inhibitor-NC group, the ROS pro-
duction was reduced significantly in the IL-1f+si-XIST
+inhibitor-NC group and upregulated observably in the IL-
13 +5i-NC + miR-103a-3p inhibitor group (P <0.01). The
miR-103a-3p inhibitor could weaken the inhibitory effect
of si-XIST on ROS production (P <0.01). However, si-
HMGBI could reverse the influence of si-XIST and miR-
103a-3p inhibitor on ROS production under IL-1f treat-
ment (P <0.01).

Then, to further explore the influence of ROS on apopto-
sis of HUVECs, the expression levels of the NF-«xB pathway-
related proteins which were regulated by the ROS level, and
the expression levels of apoptotic proteins were detected by
western blot and shown in Figure 4(b). Si-XIST could inhibit
the NF-xB pathway, inhibits Bax and cleaved caspase 3
expressions, and promotes the expression levels of Bcl-2
under IL-1p treatment. However, the miR-103a-3p inhibitor
could activate the NF-«xB pathway, inhibits Bcl-2 expression,
and promotes the expression levels of Bax and cleaved cas-
pase 3 under IL-1f3 treatment. miR-103a-3p inhibitor could
rescue the inhibitory roles of si-XIST. Meanwhile, si-

HMGBI could reverse the combined effects of si-XIST and
miR-103a-3p inhibitor (P <0.01) under IL-1f treatment.
Finally, the cell viability, apoptosis, and TF level indicating
blood coagulation were evaluated (P < 0.01). miR-103a-3p
inhibitor could promote apoptosis and inhibit cell viability,
which can significantly reverse the influence of si-XIST
(P <0.01). Si-HMGBI had a stronger effect on the inhibition
of apoptosis and promoting cell viability via counteracting
the effects of si-XIST plus miR-103a-3p inhibitor (P < 0.01)
under IL-1f treatment (Figures 4(c) and 4(d)). Last but
not least, for TF production, the miR-103a-3p inhibitor
could reverse the inhibition of TF production caused by si-
XIST under IL-1f incubation. Meanwhile, the promotion
of TF production by adding miR-103a-3p inhibitor could
be reversed by adding si-HMGBI1 under IL-1f treatment
(P <0.01) (Figure 4(e)). These results above exhibited that
knockdown of IncRNA XIST ameliorated IL-1p-triggered
apoptosis and change of TF level in HUVECs by regulating
the ROS/NF-xB signaling pathway via miR-103a-3p/
HMGBI axis.

4. Discussion

DVT has been a common and serious CVDs in China. DVT
patients suffered large torments for a long time due to the
lack of practical therapies [1-3]. Therefore, the exploration
of a novel and practical treatment was important. Some
researchers found that the IncRNAs were great therapeutic
targets based on their regulation in some diseases related
to DVT [35, 36]. IncRNA MALAT1 was highly expressed
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in endothelial cells in diabetes [37]. Meanwhile, IncRNA
MALATI1 was overexpressed in DVT tissues, which could
regulate the proliferation and migration of EPC (the source
of HUVECs) in DVT [38]. The high expression of IncRNA
Sirt1-AS in HUVECs can improve the silent information
regulator 1 (sirtl) to reduce the development of DVT associ-
ated with age [36]. Our research exhibited that the IncRNA
XIST was expressed in abundance in the plasma of DVT
patients compared with the plasma of normal people. There
were similar reports in other cardiovascular diseases related
to DVT [9-11]. In addition, we found that IncRNA XIST
knockdown could increase cell viability and reduce apopto-
sis and ameliorate the change of TF level in HUVECs
induced by IL-1f. The viability of HUVECs was improved
upon XIST knockdown under oxidative low-density lipopro-
tein treatment in atherosclerosis [11]. The apoptosis of
HUVECs was inhibited by IncRNA XIST knockdown via
miR-30c-5p/PTEN axis in atherosclerosis [39]. The TF level
associated with dilated cardiomyopathy was improved
through IncRNA XIST/miR-195-5p/NOVAL axis [40], and
the high level of TF facilitated thrombi formation in DVT
patients [41].

It was reported that the low miR-103a-3p level inhibited
the migration and angiogenesis of EPC in DVT [12]. The
high level of miR-103a-3p blocked the release of inflamma-
tory factors and thrombus in acute LEDVT [14]. We found
that miR-103a-3p had lower expression in DVT patients in
comparison with the healthy volunteers, and the apoptosis
and the level of TF in HUVECs were promoted by adding
miR-103a-3p inhibitor under IL-1f treatment. Meanwhile,
miR-103a-3p inhibitor reduced the cell viability under IL-
1B treatment. The low expression of miR-103a-3p made a
different contribution to different diseases. miR-103a-3p
inhibitor increased apoptosis and autophagy to cause the
injury of cardiomyocytes [42]. miR-103a-3p had a low
expression level in endothelial cells in hypercholesterolemia
[43]. In our study, the binding relationship of IncRNA XIST
and miR-103a-3p was predicted and verified.IncRNA XIST
sponged miR-103a-3p to regulate cell viability, apoptosis,
and TF level in HUVECs in DVT.

It was found that HMGBI was overexpressed in DVT
tissues [15]. Our study evidenced that the level of HMGBI1
was upregulated in DVT, and si-HMGBI1 promoted the cell
viability, inhibited the apoptosis, and ameliorated the change
of TF level in HUVECs to block the development of DVT.
Further, si-HMGBI1 inhibited the ROS/NF-«B signaling
pathway and reduced ROS production to attenuate the func-
tion damage of HUVECs. There were similar reports on dif-
ferent diseases. The ROS production was inhibited upon
HMGBI silencing followed by erastin treatment in leukemia
[44]. It was reported that the ROS/NF-«B signaling pathway
was inhibited which could attenuate the autophagy in the
vascular smooth muscle cells in atherosclerosis [45]. Mean-
while, the inhibition of ROS/NF-«B can reduce the apoptosis
of HUVEC:s [26]. ROS could also induce the change of TF
level in HUVEC:s [1, 25]. In our study, we found that the
apoptosis and change of TF level in HUVECs were related
to the regulation of the ROS/NF-«B signaling pathway via
the IncRNA XIST/miR-103a-3p/HMGBI axis.
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5. Conclusion

In this research, it was documented that IncRNA XIST
knockdown could promote cell viability, inhibit apoptosis,
and ameliorate the change of TF level in HUVECs induced
by IL-1p. The ROS level was reduced, and ROS/NF-«B sig-
naling pathway was inhibited by IncRNA XIST knockdown
via miR-103a-3p/HMGBI axis, which could attenuate IL-
1p-induced dysfunction of HUVECs to reduce the risk of
DVT. Our study provided more information about the role
of IncRNA XIST in HUVECs and established a fundamental
basis for the development of target therapies for DVT in the
future.

Abbreviations

XIST: X inactive-specific transcript

DVT: Deep vein thrombosis

CVDs: Cardiovascular diseases

HUVECs: Human umbilical vein endothelial cells
IncRNAs: Long noncoding RNAs

miRNA: microRNA

mRNA:  Messenger RNA

UTR: Untranslated regions

ENCORI: Encyclopedia of RNA interactomes
FOXO1: Forkhead box protein 1

TLR4: Toll-like receptor 4

EPCs: Endothelial progenitor cells

PTEN: Phosphatase and tensin homolog
LEDVT: Lower-extremity deep venous thrombosis
CXCL12: Chemokine 12

HMGBI1: High-mobility group box 1

ROS: Reactive oxygen species

IL-1p: Interleukin-1beta

TF: Tissue factor

NF-xB:  Nuclear transcription factor-kappa B
HRP: Horseradish peroxidase.
Data Availability

The experiment data used to support the findings of this
study are available from the corresponding author upon rea-
sonable request.

Ethical Approval

This research was approved by the Ethical Committee of
Shandong Provincial Hospital Affiliated to Shandong First
Medical University and obeyed the principles of the Declara-
tion of Helsinki.

Conflicts of Interest

The authors declare no conflict of interest.

Authors’ Contributions

The conception and design were conducted by Guangxin
Cao and Lei Xu. Hua Zhou was responsible for data process-
ing and analysis. The article was written by Dong Wang.



14

Guangxin Cao and Lei Xu revised the article. All authors
read and approved the manuscript and agree to be account-
able for all aspects of the research in ensuring that the accu-
racy or integrity of any part of the work are appropriately
investigated and resolved.

Acknowledgments

This work was supported by the Medical and Health Science
and Technology Development Program of Shandong Prov-
ince (2017WS291).

References

[1] C. Gutmann, R. Siow, A. M. Gwozdz, P. Saha, and A. Smith,
“Reactive oxygen species in venous thrombosis,” International
Journal of Molecular Sciences, vol. 21, no. 6, article 1918, 2020.

[2] L. Chen, J. Wang, B. Wang et al., “miR-126 inhibits vascular
endothelial cell apoptosis through targeting PI3K/Akt signal-
ing,” Annals of Hematology, vol. 95, no. 3, pp. 365-374, 2016.

[3] B. O. Patterson, R. Hinchliffe, I. M. Loftus, M. M. Thompson,
and P.J. E. Holt, “Indications for catheter-directed thromboly-
sis in the management of acute proximal deep venous throm-
bosis,” Arteriosclerosis, Thrombosis, and Vascular Biology,
vol. 30, no. 4, pp. 669-674, 2010.

[4] W. Miao, K. Zhao, W. Deng, and J. Teng, “Coagulation factor
hyperfunction after subarachnoid hemorrhage induces deep
venous thrombosis,” World Neurosurgery, vol. 110, pp. e46-
€52, 2018.

[5] J.J. Quinn and H. Y. Chang, “Unique features of long non-
coding RNA biogenesis and function,” Nature Reviews Genet-
ics, vol. 17, no. 1, pp. 47-62, 2016.

[6] L. Salmena, L. Poliseno, Y. Tay, L. Kats, and P. P. Pandolfi, “A
ceRNA hypothesis: the rosetta stone of a hidden RNA lan-
guage?,” Cell, vol. 146, no. 3, pp. 353-358, 2011.

[7] B. K. Dey, A. C. Mueller, and A. Dutta, “Long non-coding
RNAs as emerging regulators of differentiation, development,
and disease,” Transcription, vol. 5, no. 4, article €944014, 2014.

[8] K. Tano and N. Akimitsu, “Long non-coding RNAs in cancer
progression,” Frontiers in Genetics, vol. 3, p. 219, 2012.

[9] S. Qin, D. Predescu, B. Carman et al., “Up-regulation of the
long noncoding RNA X-inactive-specific transcript and the
sex bias in pulmonary arterial hypertension,” The American
Journal of Pathology, vol. 191, no. 6, pp. 1135-1150, 2021.

[10] Y. Li, X. Yuan, Z. Shi et al., “IncRNA XIST serves as a diagnos-
tic biomarker in gestational diabetes mellitus and its regulatory
effect on trophoblast cell via miR-497-5p/FOXO1 axis,” Cardi-
ovasc Diagn Ther, vol. 11, no. 3, pp. 716-725, 2021.

[11] G. Lu, P. Tian, Y. Zhu, X. Zuo, and X. Li, “IncRNA XIST
knockdown ameliorates oxidative low-density lipoprotein-
induced endothelial cells injury by targeting miR-204-5p/
TLR4,” Journal of Biosciences, vol. 45, no. 1, 2020.

[12] P. Zhang, Q. Zhao, K. Gong et al., “Downregulation of miR-
103a-3p contributes to endothelial progenitor cell dysfunction
in deep vein thrombosis through PTEN targeting,” Annals of
Vascular Surgery, vol. 64, pp. 339-346, 2020.

[13] L. Starikova, S. Jamaly, A. Sorrentino et al, “Differential
expression of plasma miRNAs in patients with unprovoked
venous thromboembolism and healthy control individuals,”
Thrombosis Research, vol. 136, no. 3, pp. 566-572, 2015.

Cardiovascular Therapeutics

[14] S. Sun, S. Chai, F. Zhang, and L. Lu, “Overexpressed
microRNA-103a-3p inhibits acute lower-extremity deep
venous thrombosis via inhibition of CXCL12,” IUBMB Life,
vol. 72, no. 3, pp- 492-504, 2020.

[15] M. R. Dyer, Q. Chen, S. Haldeman et al., “Deep vein thrombo-
sis in mice is regulated by platelet HMGBI1 through release of
neutrophil-extracellular traps and DNA,” Scientific Reports,
vol. 8, no. 1, p. 2068, 2018.

[16] K. Stark, V. Philippi, S. Stockhausen et al., “Disulfide HMGB1
derived from platelets coordinates venous thrombosis in
mice,” Blood, vol. 128, no. 20, pp. 2435-2449, 2016.

[17] H. Yang, D. J. Antoine, U. Andersson, and K. J. Tracey, “The
many faces of HMGB1: molecular structure-functional activity
in inflammation, apoptosis, and chemotaxis,” Journal of Leu-
kocyte Biology, vol. 93, no. 6, pp. 865-873, 2013.

[18] E. Foglio, L. Pellegrini, A. Germani, M. A. Russo, and
F. Limana, “HMGBI1-mediated apoptosis and autophagy in
ischemic heart diseases,” Vasc Biol, vol. 1, no. 1, pp. H89-
H96, 2019.

[19] E.J. Yang, W. Lee, S. K. Ku, K. S. Song, and J. S. Bae, “Anti-
inflammatory activities of oleanolic acid on HMGBI activated
HUVECs,” Food and Chemical Toxicology, vol. 50, no. 5,
pp. 1288-1294, 2012.

[20] R. Liu, Q. Luo, W. You, and M. Jin, “MicroRNA-106 attenu-
ates hyperglycemia-induced vascular endothelial cell dysfunc-
tion by targeting HMGB1,” Gene, vol. 677, pp. 142-148, 2018.

[21] Y. Zhang, J. Liu, W. Jia et al., “AGEs/RAGE blockade downre-
gulates Endothenin-1 (ET-1), mitigating human umbilical
vein endothelial cells (HUVEC) injury in deep vein thrombo-
sis (DVT),” Bioengineered, vol. 12, no. 1, pp. 1360-1368, 2021.

[22] C. C. Zhang and F. Niu, “IncRNA NEAT1 promotes inflam-
matory response in sepsis-induced liver injury via the let-7a/
TLR4 axis,” International Immunopharmacology, vol. 75, arti-
cle 105731, 2019.

[23] P.Xie, F. Dan, G. Yu, W. Ruan, and H. Yu, “Laquinimod mit-
igated IL-1f-induced impairment of the cartilage extracellular
matrix in human ATDC5 chondrocytes,” Chemical Research
in Toxicology, vol. 33, no. 4, pp. 933-939, 2020.

[24] X. Chen, Q. Lv, Y. Hong, X. Chen, B. Cheng, and T. Wu, “IL-
1/ maintains the redox balance by regulating glutaredoxin 1
expression during oral carcinogenesis,” Journal of Oral Pathol-
ogy & Medicine, vol. 46, no. 5, pp. 332-339, 2017.

[25] P. Golino, M. Ragni, P. Cirillo et al., “Effects of tissue factor
induced by oxygen free radicals on coronary flow during
reperfusion,” Nature Medicine, vol. 2, no. 1, pp. 35-40, 1996.

[26] G.Guan, H. Han, Y. Yang, Y. Jin, X. Wang, and X. Liu, “Nefer-
ine prevented hyperglycemia-induced endothelial cell apopto-
sis through suppressing ROS/Akt/NF-«B signal,” Endocrine,
vol. 47, no. 3, pp- 764-771, 2014.

[27] L. Chen, Q. Lu, F. Deng et al,, “miR-103a-3p could attenuate
sepsis-induced liver injury by targeting HMGB1,” Inflamma-
tion, vol. 43, no. 6, pp. 2075-2086, 2020.

[28] H.Liu, H. Deng, Y. Zhao, C. Li, and Y. Liang, “IncRNA XIST/
miR-34a axis modulates the cell proliferation and tumor
growth of thyroid cancer through MET-PI3K-AKT signaling,”
Journal of Experimental & Clinical Cancer Research, vol. 37,
no. 1, p. 279, 2018.

[29] L. Meng, L. Li, S. Lu et al., “The protective effect of dexmede-
tomidine on LPS-induced acute lung injury through the
HMGBI1-mediated TLR4/NF-«B and PI3K/Akt/mTOR path-
ways,” Molecular Immunology, vol. 94, pp. 7-17, 2018.



Cardiovascular Therapeutics

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

[41]

(42]

(43]

X. Zhang, J. Yao, H. Shi, B. Gao, and L. Zhang, “IncRNA
TINCR/microRNA-107/CD36 regulates cell proliferation and
apoptosis in colorectal cancer via PPAR signaling pathway
based on bioinformatics analysis,” Biological Chemistry,
vol. 400, no. 5, pp. 663-675, 2019.

M. E. W. Collier, A. Akinmolayan, and A. H. Goodall, “Com-
parison of tissue factor expression and activity in foetal and
adult endothelial cells,” Blood Coagulation & Fibrinolysis,
vol. 28, no. 6, pp- 452-459, 2017.

X. Guo, Y. Shi, P. Du et al., “HMGB1/TLR4 promotes apopto-
sis and reduces autophagy of hippocampal neurons in diabetes
combined with OSA,” Life Sciences, vol. 239, article 117020,
2019.

B.Y.Liu, L. Li, L. W. Bai, and C. S. Xu, “Long non-coding RNA
XIST attenuates diabetic peripheral neuropathy by inducing
autophagy through microRNA-30d-5p/sirtuinl axis,” Fron-
tiers in Molecular Biosciences, vol. 8, article 655157, 2021.

N. Xie, J. Qi, S. Li, J. Deng, Y. Chen, and Y. Lian, “Upregulated
IncRNA small nucleolar RNA host gene 1 promotes 1-methyl-
4-phenylpyridinium ion-induced cytotoxicity and reactive
oxygen species production through miR-15b-5p/GSK3f axis
in human dopaminergic SH-SY5Y cells,” Journal of Cellular
Biochemistry, vol. 120, no. 4, pp. 5790-5801, 2019.

L. L. Sun, F. R. Lei, X. D. Jiang et al., “IncRNA GUSBP5-AS
promotes EPC migration and angiogenesis and deep vein
thrombosis resolution by regulating FGF2 and MMP2/9
through the miR-223-3p/FOXO1/Akt pathway,” Aging,
vol. 12, no. 5, pp. 4506-4526, 2020.

Z.Lou, J. Zhu, X. Li et al., “IncRNA Sirt1-AS upregulates Sirtl
to attenuate aging related deep venous thrombosis,” Aging,
vol. 13, no. 5, pp. 6918-6935, 2021.

J. M. Lorenzen and T. Thum, “Long noncoding RNAs in kid-
ney and cardiovascular diseases,” Nature Reviews Nephrology,
vol. 12, no. 6, pp. 360-373, 2016.

B. Du, J. Wang, S. Zang, X. Mao, and Y. Du, “Long non-coding
RNA MALATI suppresses the proliferation and migration of
endothelial progenitor cells in deep vein thrombosis by regu-
lating the Wnt/f-catenin pathway,” Experimental and Thera-
peutic Medicine, vol. 20, no. 4, pp. 3138-3146, 2020.

W. N. Hu, Z. Y. Duan, Q. Wang, and D. H. Zhou, “The sup-
pression of ox-LDL-induced inflammatory response and apo-
ptosis of HUVEC by IncRNA XIAT knockdown via regulating
miR-30c-5p/PTEN axis,” European Review for Medical and
Pharmacological Sciences, vol. 23, no. 17, pp. 7628-7638, 2019.

S. Charles and J. Natarajan, “Integrated regulatory network
based on IncRNA-miRNA-mRNA-TF reveals key genes and
sub-networks associated with dilated cardiomyopathy,” Com-
putational Biology and Chemistry, vol. 92, article 107500, 2021.

R. Z. Pai, Q. Fang, G. Tian, B. Zhu, and X. Ge, “Expression and
role of interleukin-1f and associated biomarkers in deep vein
thrombosis,”  Experimental and Therapeutic ~Medicine,
vol. 22, no. 6, p. 1366, 2021.

C. Zhang, C. Zhang, H. Wang, Y. Qi, Y. Kan, and Z. Ge,
“Effects of miR-103a-3p on the autophagy and apoptosis of
cardiomyocytes by regulating Atg5,” International Journal of
Molecular Medicine, vol. 43, no. 5, pp. 1951-1960, 2019.

S. Ben-Aicha, R. Escate, L. Casani et al., “High-density lipopro-
tein remodelled in hypercholesterolaemic blood induce epige-
netically driven down-regulation of endothelial HIF-la
expression in a preclinical animal model,” Cardiovascular
Research, vol. 116, no. 7, pp. 1288-1299, 2020.

(44]

[45]

15

F. Ye, W. Chai, M. Xie et al., “HMGBI regulates erastin-
induced ferroptosis via RAS-JNK/p38 signaling in HL-60/
NRAS<sup>Q61L</sup> cells,” American Journal of Cancer
Research, vol. 9, no. 4, pp. 730-739, 2019.

Z. Wang, B. Liu, J. Zhu, D. Wang, and Y. Wang, “Nicotine-
mediated autophagy of vascular smooth muscle cell accelerates
atherosclerosis via nAChRs/ROS/NF-«B signaling pathway,”
Atherosclerosis, vol. 284, pp. 1-10, 2019.



	Knockdown of lncRNA XIST Ameliorates IL-1β-Induced Apoptosis of HUVECs and Change of Tissue Factor Level via miR-103a-3p/HMGB1 Axis in Deep Venous Thrombosis by Regulating the ROS/NF-κB Signaling Pathway
	1. Introduction
	2. Material and Methods
	2.1. Clinical Samples
	2.2. Cell Culture
	2.3. MTT Assay
	2.4. Cell Transfection
	2.5. qRT-PCR
	2.6. Western Blot
	2.7. Detection of Cell Apoptosis by Flow Cytometry
	2.8. TF Elisa
	2.9. Dual-Luciferase Reporter Assay
	2.10. Immunofluorescent Analysis
	2.11. Reactive Oxygen Species (ROS) Analysis
	2.12. Statistical Analysis

	3. Results
	3.1. Knockdown of lncRNA XIST Attenuated the Apoptosis of HUVECs and Resulted in a Decrease of IL-1β-Induced TF Level In Vivo
	3.2. lncRNA XIST Sponged miR-103a-3p
	3.3. miR-103a-3p Sponged HMGB1 and lncRNA XIST Could Increase the Expression of HMGB1 by Inhibiting miR-103a-3p
	3.4. Knockdown of lncRNA XIST Alleviated the IL-1β-Induced Apoptosis and Change of TF Level by Regulating the ROS/NF-κB Signal Pathway via miR-103a-3p/HMGB1 Axis

	4. Discussion
	5. Conclusion
	Abbreviations
	Data Availability
	Ethical Approval
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments



