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Oxidative low-density lipoprotein (ox-LDL)-induced endothelial cell injury is a key contributor to
atherosclerosis development. However, the role and mechanism of long noncoding RNA X-inactive speciﬁc
transcript (XIST) in atherosclerosis remain largely unknown. The ox-LDL-induced human umbilical vein
endothelial cells (HUVECs) injury was analyzed by cell viability, apoptosis, inﬂammatory cytokines secretion
and oxidative stress. The expression levels of XIST, microRNA-204-5p (miR-204-5p) and toll-like receptor 4
(TLR4) were detected by quantitative real-time polymerase chain reaction and western blot, respectively. The
target interaction between miR-204-5p and XIST or TLR4 was explored by bioinformatics analysis, luciferase
assay and RNA immunoprecipitation. The expression of XIST was enhanced in ox-LDL-treated
HUVECs. Knockdown of XIST attenuated ox-LDL-induced viability inhibition, apoptosis production,
inﬂammatory response and oxidative stress in HUVECs. XIST was validated as a sponge of miR-204-5p
and TLR4 acted as a target of miR-204-5p. Knockdown of miR-204-5p reversed silence of XISTmediated suppressive role in ox-LDL-induced injury. TLR4 alleviated miR-204-5p-mediated inhibitive
effect on ox-LDL-induced injury. Moreover, XIST could regulate TLR4 expression by sponging
miR-204-5p. In conclusion, silence of XIST displayed a protective role in ox-LDL-induced injury in
HUVECs by regulating miR-204-5p/TLR4 axis, providing a novel mechanism for understanding the
pathogenesis of atherosclerosis.
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1. Introduction
Atherosclerosis is one chronic inﬂammatory vascular
disorder with the leading cause of mortality and morbidity worldwide (Pothineni et al. 2017). Oxidative

stress and inﬂammatory response are two key processes
participating in the development of atherosclerosis
(Yuan et al. 2019). Endothelial cells play essential roles
in vascular function and the cell dysfunction is regarded as a crucial marker for atherosclerosis (Haybar
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et al. 2019). Oxidative low-density lipoprotein (oxLDL) is an important risk factor of cardiovascular
diseases including atherosclerosis and it could induce
endothelial dysfunction (Trpkovic et al. 2015). However, the mechanisms and effective therapeutics for
atherosclerosis are limited.
Noncoding RNAs, including long noncoding RNAs
(lncRNAs) and microRNAs (miRNAs), are implicated
in the regulation of endothelial function in the pathogenesis of atherosclerosis (Aryal and Suarez 2019).
LncRNAs are described as sequences longer than 200
nucleotides, which are associated with ox-LDL-induced
endothelial dysfunction (Singh et al. 2017). Previous
studies have reported that lncRNAs such as metastasisassociated lung adenocarcinoma transcript 1 and
growth-arrest speciﬁc transcript 5 could serve as competitive endogenous RNAs (ceRNAs) to regulate oxLDL-induced inﬂammatory response and cell apoptosis
in endothelial cells during atherosclerosis (Li et al.
2018; Liang et al. 2019). LncRNA X-inactive speciﬁc
transcript (XIST) has been suggested to play promoting
roles in human cancers and diseases (Liu et al. 2019;
Wei et al. 2019). The previous studies display that XIST
could take part in the regulation of endothelial injury
under hypoxia (Fasanaro et al. 2009; Neumann et al.
2018). Hence, we hypothesized that XIST might be
likely to play an important role in endothelial dysfunction. Moreover, the emerging evidence indicates
that XIST could promote ox-LDL-induced endothelial
injury during atherosclerosis (Xu et al. 2018). However,
the potential mechanism by which XIST mediates
atherosclerosis progression remains largely unclear.
As one class of noncoding RNAs with 18-24 nucleotides, miRNAs have essential roles in the development
and therapeutics of cardiovascular diseases, including
atherosclerosis (Islas and Moreno-Cuevas 2018). Former work has demonstrated the protective role of miR204 in ox-LDL-induced atherosclerosis (Yan et al.
2019). Nevertheless, little is known about the role of its
mature miR-204-5p in atherosclerosis. Toll-like receptors (TLRs), such as TLR2, TLR4, TLR7 and TLR9,
play pivotal roles in the prevention and treatment of
inﬂammatory diseases (Hennessy et al. 2010). More
importantly, TLR4 has been reported as an important
contributor to atherosclerosis (den Dekker et al. 2010).
The sequences of XIST and TLR4 30 UTR contains the
predicted binding sites of miR-204-5p. Hence, it possibly exists that XIST could regulate atherosclerosis progression by sponging miR-204-5p and regulating TLR4.
In the current study, ox-LDL-challenged human umbilical vein endothelial cells (HUVECs) were used a cellular model of atherosclerosis in vitro. Using this model,

we investigated the effect of XIST on cell viability,
apoptosis, inﬂammatory response and oxidative stress in
HUVECs and explored the potential ceRNA network of
XIST/miR-204-5p/TLR4.

2. Materials and methods
2.1 Cell culture and transfection
HUVECs were purchased from American Type Culture
Collection (cat. no. CRL-1730, Manassas, VA, USA)
and cultured at 37°C under 5% CO2 in RPMI-1640
medium containing 10% fetal bovine serum (cat. no.
11875093, Gibco, Grand Island, NY, USA). The
medium was changed every three days.
Small interfering RNA (siRNA) against XIST (siXIST) (50 - GUAUCCUAUUUGCACGCUAdTdT-30 ),
siRNA against TLR4 (si-TLR4) (50 - UAAAACGG
CAGCAUUUAGCAAdTdT-30 ), siRNA negative control (si-NC) (50 - UUCUCCGAACGUGUCACGUdT
dT-30 ), pcDNA3.1-based XIST overexpression vector
and pcDNA3.1-based TLR4 overexpression vector
were generated from Genepharma (Shanghai, China).
pcDNA3.1 empty vector (pcDNA) acted as a negative
control. miR-204-5p mimic (cat. no. miR10000265-15) and miR-204-5p inhibitor (in-miR-204-5p) (cat. no.
miR20000265-1-5) including their corresponding negative control (miR-NC, in-miR-NC) were purchased
from Ribobio (Guangzhou, China). When reaching
60% conﬂuence, HUVECs in 6-well plates were
transfected with 25 nM oligonucleotides or 1 lg vectors using Lipofectamine 2000 (cat. no. 11668019,
Invitrogen, Carlsbad, CA, USA) following the manufactures’ instructions. After the transfection for 24 h,
cells were harvested for subsequent analyses.
2.2 Cell viability
Cell viability was measured using MTT cytotoxicity
assay kit (cat. no. C0009, Beyotime, Shanghai, China).
HUVECs (1 x 104 cells/well) were seeded into 96-well
plates in triplicate overnight. Cells were incubated with
25, 50 or 100 lg/ml ox-LDL (cat. no. 20605ES05,
Yeasen, Shanghai, China) for 24 h, or treated with 50
lg/ml ox-LDL for 12, 24 or 48 h. The un-treated cells
were regarded as control. At the ending point, the
medium was changed with fresh medium containing 0.5
mg/ml MTT solution. After culture for another 4 h, 100
ll formazan dissolving solution was added to each well.
Subsequently, the absorbance of each well at 570 nm
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was determined using a microplate reader (Bio-Rad,
Hercules, CA, USA) and cell viability was expressed as
the percentage of viability relative to control group.
2.3 Flow cytometry
Annexin V-FITC/PI apoptosis detection kit (cat. no.
C1062L, Beyotime) was used for cell apoptosis assay
through ﬂow cytometry. Transfected or non-transfected
HUVECs (1 x 105 cells/well) were seeded into 6-well
plates overnight, followed by incubation with 50 lg/ml oxLDL for 24 h. The un-treated cells were regarded as control.
After the digestion and collection, cells were resuspended
in binding buffer and then interacted in the dark with 5 ll
Annexin V-FITC and PI for 10 min. Cells were analyzed
using a ﬂow cytometer (Becton Dickinson, San Jose, CA,
USA). The lower right quadrant represented apoptotic cells
at early stage and the upper right quadrant represented
apoptotic cells at advanced stage and necrotic cells. In this
study, the apoptotic rate was expressed as the percentage of
cells at lower and upper right quadrants.
Cell cycle distribution was determined via ﬂow
cytometry. After treatment of ox-LDL for 24 h, 1 9 106
HUVECs were harvested and then ﬁxed with 70%
ethanol overnight. Next, cells were incubated with
RNase A (cat. no. R1253, Thermo Fisher, Waltham, MA,
USA) and dyed with PI. Cells at different phases (G0/G1,
S or G2/M) were determined through a ﬂow cytometer.
2.4 Enzyme-linked immunosorbent assay (ELISA)
Transfected or non-transfected HUVECs (5 x 104 cells/
well) were seeded into 24-well plates and subjected to
50 lg/ml ox-LDL for 24 h. Cells without the treatment
of ox-LDL were used as control. Cell supernatants
were collected for analyses of inﬂammatory cytokines
secretion levels using speciﬁc commercial ELISA kits
(Multi Science, Hangzhou, China) for tumor necrosis
factor-alpha (TNF-a) (cat. no. 70-EK182-96), interleukin-1 beta (IL-1b) (cat. no. 70-EK101B-96) and IL6 (cat. no. 70-EK106/2-96) according to the manufacturer’s instructions. The absorbance at 450 nm was
measured using a microplate reader and the results of
ELISA were calculated on the basis of standard curve.

2.5 Oxidative stress assay
For oxidative stress assay, transfected or non-transfected HUVEC cells (1 x 104 cells/per well) were
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seeded into 96-well plates and then stimulated with 50
lg/ml ox-LDL for 24 h. Subsequently, cells were collected for analyses of intracellular ROS level, anti-oxidative enzyme superoxide dismutase (SOD) activity
and malonaldehyde (MDA) content using Reactive
Oxygen Species Assay kit (cat. no. S0033, Beyotime),
Total Superoxide Dismutase Assay kit (cat. no. S0101,
Beyotime) and Lipid Peroxidation MDA Assay kit (cat.
no. S0131, Beyotime) respectively following the
manufacturer’s instructions. The oxidative stress was
presented as percentage of controls.
2.6 Quantitative real-time polymerase chain
reaction (qRT-PCR)
RNA was isolated from HUVECs using RNA isolation
reagent (cat. no. E01010A, Fulengen, Guangzhou, China)
following the manufacturer’s protocols. The samples
were reversely transcribed using All-in-One mRNA or
miRNA ﬁrst-strand cDNA synthesis kit (cat. no. AORT0020 or QP013, Fulengen) and then used for qRT-PCR
through All-in-One qPCR mix (cat. no. QP001, Fulengen). The primers generated by Sangon (Shanghai,
China) were listed as follows: XIST (Forward, 50 - AAT
GACTGACCACTGCTGGG-30 ; Reverse, 50 - GTGTAG
GTGGTTCCCCAAGG-30 ); TLR4 (Forward, 50 -AAGT
TATTGTGGTGGTGTCTAG-30 ; Reverse, 50 -GAGGTA
GGTGTTTCTGCTAAG-30 ); GAPDH (Forward, 50 - AG
AAGGCTGGGGCTCATTTG-30 ; Reverse, 50 - AGGGG
CCATCCACAGTCTTC-30 ). The primers for miR-2045p (cat. no. HmiRQP0306) and U6 (cat. no.
HmiRQP9001) were purchased from Fulengen. GAPDH
and U6 were used as internal controls, respectively. The
relative expression levels of XIST, miR-204-5p and
TLR4 were calculated according to the 2-DDCt method
(Livak and Schmittgen 2001).

2.7 Bioinformatics analysis, luciferase assay
and RNA immunoprecipitation (RIP)
Bioinformatics analysis was performed using DIANA
tool (http://diana.imis.athena-innovation.gr/DianaTools/
index.php), predicting the binding sites of miR-204-5p
and XISTor TLR4. The sequences of XISTcontaining the
putative binding sites of miR-204-5p (AAAGGGA) were
ampliﬁed and cloned into pmirGLO vectors (cat. no.
E1330, Promega, Madison, WI, USA) to generate wildtype luciferase reporter vector XIST WT. Its mutant (XIST
MUT) was generated by mutating the seed sites to
UUUCCCU using the Fast Site-Directed Mutagenesis Kit
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(cat. no. KM101, Tiangen, Beijing, China). The pmirGLO
vectors were also used to generate wild-type luciferase
reporter vector TLR4 WT, which was mutated by
changing the seed sites, named as TLR4 MUT. Luciferase
assay was performed in HUVECs co-transfected with 200
ng wild-type or mutant luciferase reporter constructs and
25 nM miR-204-5p mimic or miR-NC using Lipofectamine 2000. Cells were harvested after 24 h, and a luciferase reporter assay kit (cat. no. E1910, Promega) was
used for luciferase activity assay.
For RIP assay in HUVECs, the Magna RNA
immunoprecipitation kit (cat. no. 17-700, Millipore,
Billerica, MA, USA) was used. Cells transfected with
miR-204-5p mimic or miR-NC were collected and
lysed in RIP lysis buffer, followed by incubation with
magnetic beads which were pre-coated with Ago2
antibody (cat. no. ab32381, Abcam, Cambridge, MA,
USA). IgG (cat. no. AP112, Sigma, St. Louis, MO,
USA) was used as control. qRT-PCR was performed to
measure the XIST level enriched in the complex.

2.8 Western blot
Proteins were extracted from HUVECs using RIPA
buffer with 1% PMSF (cat. no. P0013B, Beyotime) and
quantiﬁed using BCA Protein Assay kit (cat. no.
P0012S, Beyotime). Samples were subjected to SDSPAGE and transferred to PVDF membranes (cat. no.
ISEQ00010, Millipore). After blocking the nonspeciﬁc
binding sites using 5% non-fat milk, the membranes
were incubated with the indicated primary antibodies
overnight at 4°C and then interacted with secondary
antibodies for 2 h. The anti-TLR4 (cat. no. ab217274),
anti-b-actin (cat. no. ab227387) and corresponding
secondary antibody (cat. no. ab205718) used in this
study were purchased from Abcam. The BeyoECL Plus
(cat. no. P0018S, Beyotime) was used for the development of protein signals. The expression level of
TLR4 was analyzed according to the densitometry
analysis using Image Lab software (Bio-Rad).

2.9 Statistical analysis
The experiments were performed three times. Data
were expressed as mean ± standard deviation (S.D.).
The comparison of more than two groups was conducted by ANOVA with Tukey’s post hoc test. The
difference between two groups was investigated by
Student’s t-test. Statistical analyses were conducted by

GraphPad Prism 7 software (GraphPad Inc., La Jolla,
CA, USA) and P\0.05 was considered signiﬁcant.
3. Results
3.1 XIST expression is elevated in ox-LDL-treated
HUVECs
The atherogenic responses were developed using
HUVECs stimulated via ox-LDL. As shown in ﬁgure 1A,
cell viability was signiﬁcantly inhibited by the treatment
of ox-LDL for 24 h in a concentration dependent manner.
Meanwhile, 50 lg/ml ox-LDL induced viability suppression in a time dependent manner (ﬁgure 1B). Subsequently, HUVECs challenged with 50 lg/ml ox-LDL
for 24 h were used for the following experiments. The
data of ﬂow cytometry displayed that treatment of oxLDL obviously led to apoptosis in HUVECs compared
with control group (ﬁgure 1C), and induced cell arrest at
S phase (supplementary ﬁgure 1). Moreover, the secretion levels of TNF-a, IL-6 and IL-1b in medium were
markedly increased after the treatment of ox-LDL (ﬁgure 1D–F). In addition, the levels of ROS and MDA were
signiﬁcantly enhanced and SOD level was decreased in
ox-LDL-treated HUVECs compared with those in control
group (ﬁgure 1G–I). These ﬁndings indicated that exposure to ox-LDL induced viability inhibition, apoptosis
promotion, inﬂammatory response and oxidative injury in
HUVECs. XIST was a lncRNA associated with the
damaged endothelial cells. To test the potential role of
XIST in ox-LDL-induced HUVEC injury, its expression
was measured in the cells. Results showed high expression of XIST in the treated cells (ﬁgure 1J). These results
suggested that high expression of XIST might be associated with ox-LDL-induced injury in HUVECs.

3.2 Silence of XIST alleviates ox-LDL-induced
HUVECs injury
To explore the biological role of XIST in ox-LDLinduced injury, HUVECs were transfected with siXIST or si-NC and then stimulated with 50 lg/ml oxLDL for 24 h. As displayed in ﬁgure 2A, the expression level of XIST was signiﬁcantly reduced in
HUVECs after silence of XIST using siRNA. The
silence of XIST rescued the viability of ox-LDL-treated
cells (ﬁgure 2B). In addition, deﬁciency of XIST
attenuated HUVECs apoptosis induced by ox-LDL
(ﬁgure 2C). Moreover, knockdown of XIST mitigated
the secretion levels of TNF-a, IL-6 and IL-1b in ox-
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Figure 1. XIST expression is enhanced in ox-LDL-treated HUVECs. (A and B) Cell viability was measured in HUVECs
after treatment of ox-LDL by MTT. (C) Cell apoptotic rate was measured in ox-LDL-treated HUVECs by ﬂow cytometry.
(D–F) The secretion levels of inﬂammatory cytokines were detected in ox-LDL-treated HUVECs by ELISA. (G–I) The
levels of ROS, MDA and SOD were measured in HUVECs after treatment of ox-LDL by Reactive Oxygen Species Assay
kit, Total Superoxide Dismutase Assay kit or Lipid Peroxidation MDA Assay kit, respectively. (J) The expression of XIST
was measured in ox-LDL-treated HUVECs by qRT-PCR. *P\0.05.

LDL-treated HUVECs (ﬁgure 2D–F). Besides, it was
indicated in ﬁgure 2G–I that the levels of ROS and
MDA in ox-LDL-challenged cells were greatly reduced
by silence of XIST with the enhancement of SOD level.
Furthermore, knockdown of XIST showed little effect
on the viability, apoptosis, inﬂammatory response and
oxidative stress in the un-treated HUVECs (supplementary ﬁgure 2A–I). These data uncovered that XIST
knockdown could alleviate ox-LDL-induced HUVECs
injury in vitro.

of miR-204-5p mimic (ﬁgure 3B). Furthermore, miR204-5p overexpression led to the increased level of
XIST enriched by Ago2 RIP compared with miR-NC
treatment, while IgG RIP exhibited little efﬁcacy of
enrichment (ﬁgure 3C). Additionally, the results of
qRT-PCR demonstrated that the expression level of
miR-204-5p was abnormally decreased in HUVECs
after the treatment of ox-LDL (ﬁgure 3D). Moreover,
the abundance of miR-204-5p was notably increased
knockdown of by XIST and decreased by overexpression of XIST (ﬁgure 3E). These ﬁndings suggested
XIST as a decoy of miR-204-5p.

3.3 XIST directly targets miR-204-5p
To explore the underlying mechanism, bioinformatics
analysis was performed to predict the targets of XIST
using DIANA tool. We selected the 8 common atherogenic-associated miRNAs in the predictive targets, and
found that miR-204-5p expression was decreased most
via XIST overexpression or ox-LDL (supplementary
ﬁgure 3A–C). The potential binding sites of miR-2045p and XIST were displayed in ﬁgure 3A. The luciferase assay conﬁrmed this prediction, showing the loss of
luciferase activity in XIST WT group after transfection

3.4 Knockdown of miR-204-5p reverses silence
of XIST-mediated injury inhibition in ox-LDLtreated HUVECs
To explore whether miR-204-5p was involved in XISTmediated regulatory mechanism, HUVECs were transfected with si-NC, si-XIST, si-XIST ? in-miR-NC or siXIST ? in-miR-204-5p before stimulation of ox-LDL.
As indicated in ﬁgure 4A, the abundance of miR-2045p was increased 2.65-fold by silence of XIST, while
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Figure 2. XIST knockdown inhibits ox-LDL-induced injury in HUVECs. HUVECs were transfected with si-XIST or si-NC
and then treated with 50 lg/ml ox-LDL for 24 h. The expression level of XIST (A), cell viability (B), apoptotic rate (C),
inﬂammatory cytokines levels (D–F), ROS (G), MDA (H) and SOD (I) levels were detected in the treated HUVECs by qRTPCR, MTT, ﬂow cytometry, ELISA, Reactive Oxygen Species Assay kit, Total Superoxide Dismutase Assay kit or Lipid
Peroxidation MDA Assay kit, respectively. *P\0.05.

introduction of miR-204-5p inhibitor induced a 47%
reduction of its level when compared with their corresponding control, respectively. Moreover, downregulation of miR-204-5p alleviated silence of XIST-mediated
viability increase and apoptosis reduction in ox-LDLtreated HUVECs (ﬁgure 4B and C). Meanwhile, the
data of ELISA assay showed that exhaustion of miR204-5p attenuated the suppressive role of knockdown of
XIST in secretion of TNF-a, IL-6 and IL-1b (ﬁgure 4D–F). In addition, the levels of ROS, MDA and
SOD regulated by silence of XIST were restored by
knockdown of miR-204-5p in the treated cells (ﬁgure 4G–I). These results indicated that XIST regulated
ox-LDL-induced injury by sponging miR-204-5p.

luciferase reporter vector targeting 30 UTR of TLR4.
The results revealed that overexpression of miR-204-5p
induced a 74% decrease of luciferase activity in TLR4
WT group, whereas it could not affect the activity in
TLR4 MUT group (ﬁgure 5B). Moreover, after treatment of ox-LDL, HUVECs displayed higher level of
TLR4 mRNA (ﬁgure 5C). Besides, the protein level of
TLR4 was decreased 70% by overexpression of miR204-5p and increased 3-fold by knockdown of miR204-5p in HUVECs (ﬁgure 5D). Meanwhile, the data of
western blot also revealed that TLR4 protein abundance
was decreased 72% by silence of XIST and enhanced
3-fold via overexpression of XIST (ﬁgure 5E). These
data showed TLR4 as a target of miR-204-5p.

3.5 TLR4 is a target of miR-204-5p

3.6 miR-204-5p inhibits ox-LDL-induced injury
by targeting TLR4 in HUVECs

miRNAs functioned by targeting mRNA. Hence,
bioinformatics analysis was performed by using
DIANA tool, which provided the potential binding sites
of miR-204-5p and TLR4 (ﬁgure 5A). To validate the
interaction between miR-204-5p and TLR4, luciferase
assay was conducted using wild-type and mutant

To explore whether TLR4 was required for miR-2045p-mediated injury regulation, HUVECs were transfected with miR-NC, miR-204-5p mimic, miR-204-5p
mimic ? pcDNA or miR-204-5p mimic ? TLR4
overexpression vector before the stimulation of ox-

XIST knockdown inhibits endothelial cells injury
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Figure 3. miR-204-5p is bound to XIST. (A) The binding sites of miR-204-5p and XIST were predicted by DIANA tool.
(B) Luciferase assay was performed in HUVECs co-transfected with XIST WT or XIST MUT and miR-NC or miR-204-5p
mimic. (C) Ago2 RIP assay was performed in HUVECs transfected with miR-204-5p mimic or miR-NC and XIST level were
measured by qRT-PCR. (D) The expression of miR-204-5p was detected in HUVECs after treatment of ox-LDL by qRTPCR. (E) The expression level of miR-204-5p was measured in HUVECs transfected with si-NC, si-XIST, pcDNA or XIST
overexpression vector by qRT-PCR. *P\0.05.

LDL. As displayed in ﬁgure 6A, the TLR4 protein
level was greatly repressed by overexpression of miR204-5p, which was restored by introduction of TLR4
overexpression vector. Moreover, overexpression of
miR-204-5p increased cell viability and inhibited cell
apoptosis, inﬂammatory response and oxidative stress
caused by ox-LDL in HUVECs (ﬁgure 6B–I). However, this event was weakened by restoration of TLR4.
Besides, the loss-of-function experiments conﬁrmed
that knockdown of TLR4 inhibited ox-LDL-induced
injury in HUVECs (supplementary ﬁgure 4A–I). These
results uncovered that miR-204-5p suppressed oxLDL-induced injury by targeting TLR4.
3.7 XIST regulates TLR4 expression
by competitively sponging miR-204-5p
To further elucidate the ceRNA network mediated by
XIST, HUVECs were transfected with si-NC, si-XIST,

si-XIST ? in-miR-NC or si-XIST ? in-miR-204-5p.
As demonstrated in ﬁgure 7A and 7B, the mRNA and
protein levels of TLR4 were signiﬁcantly decreased in
HUVECs by silence of XIST, which was counteracted
by deﬁciency of miR-204-5p. These ﬁndings suggested
that XIST could regulate TLR4 expression by acting as
a ceRNA for miR-204-5p.
4. Discussion
Ox-LDL is a key risk factor of atherosclerosis associated with the dysfunction of endothelial cells and thus
HUVECs treated with ox-LDL were widely used as
atherosclerosis model in vitro (Attanzio et al. 2019; Yin
et al. 2019; Zhu et al. 2019). The secretion of
inﬂammatory cytokines such as TNF-a, IL-6 and IL-1b
is involved in the pathogenesis of atherosclerosis
(Tousoulis et al. 2016). ROS plays an important role in
the modulation of inﬂammatory response (Forrester
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Figure 4. miR-204-5p deﬁciency reverses silence of XIST-mediated suppressive role in ox-LDL-induced HUVECs injury.
HUVECs were transfected with si-NC, si-XIST, si-XIST ? in-miR-NC or si-XIST ? in-miR-204-5p and then treated with 50
lg/ml ox-LDL for 24 h. The expression level of miR-204-5p (A), cell viability (B), apoptotic rate (C), inﬂammatory
cytokines levels (D–F), ROS (G), MDA (H) and SOD (I) levels were detected in the treated HUVECs by qRT-PCR, ﬂow
cytometry, ELISA, Reactive Oxygen Species Assay kit, Total Superoxide Dismutase Assay kit or Lipid Peroxidation MDA
Assay kit, respectively. *P\0.05.

et al. 2018). Moreover, exposure to ox-LDL could
induce oxidative stress and inﬂammatory injury in
HUVECs (Zhu et al. 2019). In this study, after treatment of ox-LDL, cell apoptosis, inﬂammatory response
and oxidative stress were induced in HUVECs, which
were used as in vitro model of atherosclerosis.
LncRNAs could serve as promising diagnostic and
therapeutic tools for atherosclerosis (Zhang et al.
2018). In the present study, we found the up-regulated
XIST in ox-LDL-induced HUVECs. Moreover, silence
of XIST could competitively sponge miR-204-5p to
reduce TLR4 expression, leading to the suppression of
cell apoptosis, inﬂammatory response and oxidative
stress in ox-LDL-treated HUVECs.

Previous work has suggested that knockdown of
XIST could ameliorate ox-LDL-induced HUVECs
apoptosis by regulating miR-320 and nucleotide-binding oligomerization domain 2 in atherosclerosis (Xu
et al. 2018). Our work also revealed that silence of
XIST suppressed ox-LDL-induced apoptosis. Moreover, inﬂammatory response and oxidative stress, as the
key events in atherosclerosis, were repressed by interference of XIST. These results indicated the potential
effect of inhibition of XIST on atherosclerosis. The
ceRNA regulatory network is one major mechanism of
lncRNA in the progression of cancers and diseases. It
has been indicated that knockdown of XIST could
alleviate inﬂammatory response by acting as a ceRNA

XIST knockdown inhibits endothelial cells injury
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Figure 5. TLR4 is a target of miR-204-5p.(A) The binding sites of miR-204-5p and TLR4 were predicted by DIANA tool.
(B) Luciferase assay was conducted in HUVECs co-transfected with TLR4 WT or TLR4 MUT and miR-NC or miR-204-5p.
(C) The expression level of TLR4 mRNA was detected in HUVECs after exposure to ox-LDL by qRT-PCR. (D) The protein
level of TLR4 was measured in HUVECs transfected with miR-NC, miR-204-5p mimic, in-miR-NC or in-miR-204-5p by
western blot. (E) The expression level of TLR4 protein was measured in HUVECs transfected with si-NC, si-XIST, pcDNA
or XIST overexpression vector by western blot. *P\0.05.

for miR-544 or miR-146a (Jin et al. 2018; Sun et al.
2018). This paper ﬁrst demonstrated XIST as a sponge
of miR-204-5p, which was conﬁrmed by luciferase
assay and RIP assay.
Previous study showed that miR-204-5p could inhibit apoptosis, inﬂammatory response and oxidative
stress in lipopolysaccharide-treated rat mesangial cells
(Chen et al. 2018). In the present study, we also found
the anti-apoptotic and anti-inﬂammatory role of miR204-5p in ox-LDL-treated HUVECs, which is similar
to former work (Yan et al. 2019). Besides, the results
also revealed the anti-oxidative effect of miR-204-5p
overexpression by decreasing ROS and MDA and
increasing SOD levels. Meanwhile, knockdown of
miR-204-5p attenuated the protective effect of silence

of XIST on ox-LDL-induced injury, uncovering that
XIST might regulate atherogenesis progression by
sponging miR-204-5p. Function of miRNA is usually
realized by targeting 30 UTR sequences of mRNA. This
research ﬁst provided TLR4 as a functional target of
miR-204-5p, which was conﬁrmed by luciferase assay.
TLR4 expression was enhanced in HUVECs after
treatment of ox-LDL, which is consistent with previous
studies (Qin et al. 2018; Tian et al. 2018; Yang and
Gao 2019). In addition, these reports suggested that
TLR4 could contribute to atherogenesis progression by
promoting ox-LDL-induced endothelial cell apoptosis,
inﬂammatory response and oxidative stress (Qin et al.
2018; Tian et al. 2018; Yang and Gao 2019). In this
study, we also found the promoting role of TLR4 in
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Figure 6. TLR4 attenuates miR-204-5p-mediated suppressive role in ox-LDL-induced HUVECs injury. HUVECs were
transfected with miR-NC, miR-204-5p mimic, miR-204-5p mimic ? pcDNA or miR-204-5p mimic ?TLR4 overexpression
vector and then treated with 50 lg/ml ox-LDL for 24 h. TLR4 protein level (A), cell viability (B), apoptotic rate (C),
inﬂammatory cytokines levels (D–F), ROS (G), MDA (H) and SOD (I) levels were detected in the treated HUVECs by
western blot, MTT, ﬂow cytometry, ELISA, Reactive Oxygen Species Assay kit, Total Superoxide Dismutase Assay kit or
Lipid Peroxidation MDA Assay kit, respectively. *P\0.05.

atherogenesis by weakening the suppressive role of
miR-204-5p in ox-LDL-induced injury. Moreover,
TLR4 mRNA and protein levels were decreased by
knockdown of XIST in HUVECs, which is also in
agreement with former work (Jin et al. 2019). Furthermore, miR-204-5p deﬁciency abrogated this effect,
indicating that XIST could target TLR4 expression by
competitively sponging miR-204-5p in HUVECs. To
better understand the mechanism of atherogenesis, we
plan to use an ApoE-/- mice model of atherogenesis
(Cheng et al. 2018) to investigate the function of XIST
in vivo in further study. The role of XIST is exhibited in

the inactivated X-chromosome of females and is silent
in males. Hence, we hypothesized that there were other
promising mechanisms for the development of atherogenesis in males, which should be explored in future.
In conclusion, here we indicated the promoting role
of XIST in ox-LDL-induced HUVECs injury. Knockdown of XIST attenuated ox-LDL-induced inhibition
of viability and promotion of apoptosis, inﬂammatory
response and oxidative stress in HUVECs, possibly by
acting as a ceRNA for miR-204-5p to target TLR4.
These ﬁndings may provide a novel mechanism for
understanding the pathogenesis of atherogenesis.

XIST knockdown inhibits endothelial cells injury
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Figure 7. TLR4 expression is regulated by XIST and miR-204-5p. (A and B) The expression levels of TLR4 mRNA and
protein were measured in HUVECs transfected with si-NC, si-XIST, si-XIST ? in-miR-NC or si-XIST ? in-miR-204-5p by
qRT-PCR and western blot. *P\0.05.
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