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ABSTRACT

Increased vascular endothelial permeability can disrupt vascular barrier function and further lead to multiple
human diseases. Our previous reports indicated that particulate matter 2.5 (PM2.5) can enhance the
permeability of vascular endothelial cells. However, the regulatory mechanism was not comprehensively
demonstrated. Therefore, this work elucidated this mechanism by demonstrating that PM2.5 can increase the
permeability of HUVECs by inhibiting the expression of Hickson compact group 18 (HCG18). Moreover, we
demonstrated that IncRNA HCG18 functioned as a ceRNA for miR-21-5p and led to the derepression of its target
SOX7, which could further transcriptionally activate the expression of VE-cadherin to regulate the permeability
of HUVECs. In this study, we provide evidence that HCG18/miR-21-5p/SOX7/VE-cadherin signaling is involved in
PM2.5-induced vascular endothelial barrier dysfunction.

INTRODUCTION

The blood vessel wall forms a selective semipermeable
barrier to regulate the exchange of macromolecules
between the blood and tissues. Vascular endothelial cells
are located in the blood vessel wall and play a critical role
in vascular homeostasis by maintaining endothelial barrier

function [1]. Disruption of the vascular barrier can lead to
multiple human diseases, such as lung disease, cancer,
angiocardiopathy, ischemia, and oculopathy [1-4].
Endothelial permeability involves the transcellular and
paracellular pathways. Blood components can pass
through individual endothelial cells by the transcellular
pathway, which maintains vascular homeostasis in the
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physiological state [2, 5]. However, vascular leakage
usually occurs in pathological conditions and results in
blood components crossing intercellular cell-to-cell
junctions by the paracellular pathway [2, 5]. Vascular
leakage is often initiated by various external stimuli,
including the release of vascular endothelial growth factor
(VEGF), thrombin, or histamine and the activation of
leukocytes [2]. In addition, our previous report indicated
that ambient particulate matter with an aerodynamic
diameter <2.5 pum (PM25) can disrupt vascular
endothelial barrier function by damaging vascular
endothelial cells [6, 7]. Vascular endothelial (VE)-
cadherin is critical for endothelial adherent junctions [8,
9]. Our previous report indicated that PM2.5 can increase
vascular endothelial permeability through miR-21-5p,
indirectly inhibiting the expression of VVE-cadherin [6].
However, the regulatory mechanism between miR-21-5p
and VE-cadherin is still undetermined.

Long noncoding RNAs (IncRNAs), a class of nonprotein
coding transcripts that exceed 200 nucleotides in length,
have low sequence conservation and high tissue
specificity [10, 11]. Accumulating evidence has shown
that IncRNAs function as important regulators that are
widely involved in various physiological and
pathological processes, including development, stem cell
differentiation, and tumorigenesis [12-15]. Although a
large number of INcRNAs have been identified, very few
have a characterized biological function. Therefore, the
potential functional characterization of IncRNAs in
biological processes has attracted much attention.
LncRNAs can modify gene expression at the
transcriptional, posttranscriptional or translational level.
Recently, a new regulatory mechanism has been clarified,
in which IncRNAs function as competing endogenous
RNAs (ceRNAs) to regulate gene expression by
sponging microRNAs (miRNAs) [16]. Hickson compact
group 18 (HCG18) is a IncRNA, and its potential
biological function has not been well elucidated. It has
been shown that HCG18 acts as a ceRNA of miR-146-5p
and is up-regulated in intervertebral disc degeneration
[11]. However, Xu et al. demonstrated that HCG18 is
down-regulated in bladder cancer tissues and increases
NOTCHZ1 expression by competitively sponging miR-34-
5p [17]. Therefore, the cell type-dependent function and
the regulatory molecular mechanisms of HCG18 remain
largely unknown.

Our previous study demonstrated that miR-21-5p is
involved in PM2.5-induced endothelial permeability
increase by indirectly inhibiting VE-cadherin
expression [6]. We hereby aimed to explore the
potential INcRNA that could sponge miR-21-5p during
PM2.5-mediated vascular endothelial barrier dys-
function and the regulatory mechanism between miR-
21-5p and VE-cadherin. First, microarray analysis was

utilized to identify the IncRNA HCG18 that might be
involved in PM2.5-induced miR-21-5p overexpression.
Next, we used luciferase reporter assays and RNA
immunoprecipitation (RIP) to confirm that HCG18
functions as a competing endogenous RNA (ceRNA) by
sponging miR-21-5p. Then, we found that SOX7 is a
target of miR-21-5p and that it can transcriptionally
regulate VE-cadherin expression. Our findings suggest
that inhibition of HCG18 promotes PM2.5-mediated
vascular endothelial barrier dysfunction by sponging
miR-21-5p.

RESULTS

LncRNA HCG18 might function as a candidate
miR-21-5p sponge and is down-regulated by PM2.5
in vascular endothelial cells

Our previous report indicated that exposure to PM2.5
can induce vascular endothelial barrier dysfunction
through STAT3-dependent up-regulation of miR-21-5p.
LncRNAs can act as endogenous miRNA sponges by
competitively binding to miRNAs and suppressing their
expression and function [18]. To further investigate the
regulatory mechanism involved in PM2.5-induced miR-
21-5p overexpression during the increase in vascular
permeability, the differentially expressed IncRNAs
between PM2.5-treated and untreated HUVECs were
detected using InNcRNA microarray. The microarray data
showed that 431 IncRNAs were down-regulated and
910 IncRNAs were up-regulated in PM2.5-treated
HUVECs compared with the untreated group (Figure
1A). Furthermore, the possible INcRNAs that could bind
to miR-21-5p were analyzed using a Venn diagram
generated by an online tool (http://bioinformatics.psb.
ugent.be/webtools/Venn/). Analysis of the IncRNA
microarray results and Venn diagram identified 1453
candidate IncRNAs as functional ceRNAs that could
bind to miR-21-5p; however, only 7 IncRNAs were
significantly down-regulated by PM2.5 in HUVECs
(Figure 1B). In addition, HCG18 was the most
significantly down-regulated IncRNA among these 7
PM2.5-regulated IncRNASs predicted to bind to miR-21-
5p (Figure 1C). Furthermore, the down-regulation of
HCG18 by PM2.5 was confirmed by gRT-PCR in
HUVECSs (Figure 1D).

LncRNA HCG18 acts as a ceRNA for miR-21-5p to
form a HCG18/miR-21-5p axis and is regulated by
PM2.5 in HUVECs

To further confirm that HCG18 can sponge miR-21-5p
to inhibit its function, a RIP assay using an antibody
against human AGO2 was used. Ago2 protein-RNA
complexes in HUVECs were precipitated by the Ago2
antibody, and then the expression of HCG18 and
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miR-21-5p was detected using gRT-PCR. We found
that endogenous HCG18 and miR-21-5p were both
enriched in AGO2 RIP samples compared with control
IgG antibody RIP samples from HUVECs (Figure 2A,
2B). These results indicate that HCG18 and miR-21-5p
are in the same AGO2 complex in HUVECs. Then, the
binding relationship between HCG18 and miR-21-5p
was further investigated. The predicted miR-21-5p
binding sites within HCG18 were analyzed using the
DIANA tool (http://carolina.imis.athena-innovation.gr/
diana_tools/web/index.php) (Figure 2C). To further
verify that HCG18 directly targets miR-21-5p, we
performed luciferase reporter assays. The results
revealed that miR-21-5p mimics markedly suppressed
the luciferase activity of wild-type HCG18 (HCG18-
WT) but not that of mutant HCG18 (HCG18-MUT)
(Figure 2D). Together, these data suggest that HCG18
functions as a ceRNA for miR-21-5p in HUVECs. Next,
we further clarified whether PM2.5 regulates the
HCG18/miR-21-5p axis in HUVECs. The interaction
between HCG18 and miR-21-5p in PM2.5-treated
HUVECs was analyzed by gRT-PCR. The results
showed that overexpression of HCG18 significantly
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inhibited miR-21-5p; however, the induction of miR-
21-5p by PM2.5 could be abolished by overexpression
of HCG18 in HUVECs (Figure 2E). Overall, we
confirmed that PM2.5 can disrupt the balance of
competitive binding between HCG18 and miR-21-5p in
HUVECs.

LncRNA HCGI18 functions as a ceRNA to enhance
SOX7 expression by competitively sponging miR-21-
5p in PM2.5-treated vascular endothelial cells

It has been demonstrated that a single miRNA can play
different biological functions by regulating the
expression of multiple target genes. To confirm whether
miR-21-5p regulates the expression of other signaling
molecules to increase the permeability of vascular
endothelial cells, we further analyzed candidate target
genes that play important roles in the regulation of
vascular barrier function and might be regulated by
miR-21-5p. As shown in Figure 3A, the transcription
factor SOX7 possessed one binding site for miR-21-5p
in its 3’UTR. Next, a luciferase reporter assay was used
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Figure 1. PM2.5 inhibits the expression of HCG18 in HUVECs. (A) The differentially expressed IncRNAs between PM2.5-treated and
untreated HUVECs were detected using IncRNA microarray. (B) Venn diagram shows the overlap between down-regulated IncRNAs in PM2.5-
treated HUVECs and predicted IncRNAs binding to miR-21-5p. (C) HCG18 was the most down-regulated IncRNA among the 7 PM2.5-regulated
IncRNAs. (D) The difference of HCG18 level between PM2.5-treated and untreated HUVECs was confirmed by qRT-PCR. **, P<0.01.
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to determine whether SOX7 is a direct target of miR-
21-5p. The activity of the luciferase reporter carrying
the wild-type putative target site of SOX7 was
significantly inhibited by miR-21-5p compared with the
negative control; however, the inhibitory effect was
abrogated when mutations were introduced into the seed
sequences of SOX7 complementary to miR-21-5p
(Figure 3B).
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In addition, the endogenous protein expression of SOX7
regulated by miR-21-5p was detected using western
blotting. The results showed that SOX7 was
significantly inhibited by overexpression of miR-21-5p
but was increased by suppression of miR-21-5p in
HUVECs (Figure 3C). Simultaneously, we further
clarified whether HCG18 regulated miR-21-5p/SOX7
signaling to form a ceRNA pathway in HUVECs. To
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Figure 2. LncRNA HCG18 acts as a ceRNA for miR-21-5p. (A) HCG18 was enriched in AGO2 RIP samples. (B). MiR-21-5p was enriched in
AGO2 RIP samples. (C) The binding relationship between HCG18 and miR-21-5p was predicted by DIANA. (D) The binding relationship
between HCG18 and miR-21-5p was determined by Dual-luciferase reporter assay. (E) The interaction between HCG18 and miR-21-5p in
PM2.5-treated HUVECs was analyzed by gRT-PCR. *: P<0.05; **: P<0.01; ***: P<0.001.
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this end, we detected the gene expression of SOX7 by
gRT-PCR assay. As shown in Figure 3D, the mRNA
level of SOX7 was significantly decreased by miR-21-
5p and markedly increased by overexpression of
HCG18 in HUVECSs. Nevertheless, cotreatment with
miR-21-5p and HCG18 abrogated the upregulation of
SOX7 mRNA in HUVECs overexpressing HCG18
(Figure 3D). Overall, the HCG18/miR-21-5p/SOX7
axis could form a ceRNA pathway in HUVECs. Next,
we further determined whether PM2.5 regulates the
HCG18/miR-21-5p/SOX7  ceRNA  pathway in
HUVECs. The results showed that PM2.5 clearly
suppressed SOX7 expression, and HCG18 positively
regulated SOX7 expression in HUVECs (Figure 3E). In
addition, the decreased expression of SOX7 by PM2.5
could be reversed by overexpression of HCG18 in
HUVECs (Figure 3E). These data further confirmed that
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the HCG18/miR-21-5p/SOX7 pathway was involved in
the regulatory effect of PM2.5 in HUVECs.

The IncRNA HCG18/miR-21-5p/SOX7/VE-cadherin
axis is regulated by PM2.5 in vascular endothelial
cells

It has been demonstrated that SOX7 can
transcriptionally activate mouse VE-cadherin in the
hemogenic endothelium [19]. However, whether SOX7
regulates human VE-cadherin transcription by binding
to the promoter region remains to be further confirmed.
Our previous report indicated that miR-21-5p could
indirectly inhibit the expression of VE-cadherin in
HUVECs [6]. Therefore, we speculated that
HCG18/miR-21-5p/SOX7 signaling may target VE-
cadherin in PM2.5-treated vascular endothelial cells.
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Figure 3. LncRNA HCG18 functions as a ceRNA to enhance SOX7 expression by competitively sponging miR-21-5p in PM2.5-
treated HUVECs. (A) The binding relationship between miR-21-5p and SOX7 3’UTR was predicted online. (B) Dual-luciferase assays
indicated that the expression of SOX7 was inhibited by miR-21-5p. (C) The protein expression of SOX7 regulated by miR-21-5p was detected
using Western blotting. (D) The mRNA level of SOX7 was decreased by miR-21-5p and increased by overexpression of HCG18. Moreover, miR-
21-5p abrogated the up-regulation of SOX7 in HUVECs overexpressing HCG18. (E) The data of Western blotting showed that PM2.5
suppressed SOX7 expression, and HCG18 positively regulated SOX7 expression. In addition, the decreased expression of SOX7 by PM2.5 could

be reversed by overexpression of HCG18. *: P<0.05; ***: P<0.001.
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First, a conserved SOX binding site from position -56 to
-51 was found in the human VE-cadherin promoter
(Figure 4A). We then performed a luciferase reporter
assay to detect whether SOX7 could directly act on the
promoter region. The SOX7 expression plasmid and the
VE-cadherin promoter reporter vector, which included
the SOX binding sites, were cotransfected into
HEK?293T cells. As shown in Figure 4B, the luciferase
levels were increased 3-fold by the presence of SOX7,
and the effect was abolished when the binding sites in
the promoter region were mutated. We further detected
the protein expression of VE-cadherin using western
blotting and found that the expression of VE-cadherin
was significantly upregulated when SOX7 was
overexpressed in HUVECs (Figure 4C). In addition,
overexpression of HCG18 promoted the expression of
VE-cadherin, and the induction effect was abrogated by
both overexpression of HCG18 or SOX7 and treatment
with PM2.5 (Figure 4E). Together, these results show
that SOX7 can transcriptionally regulate the expression
of VE-cadherin, and HCG18/miR-21-5p/SOX7/VE-
cadherin signaling is regulated by PM2.5 in HUVECs.
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PM2.5 increased the permeability of vascular
endothelial cells through regulation of the
HCG18/miR-21-5p/SOX7/VE-cadherin axis

According to our findings above, whether HCG18
regulates vascular endothelial barrier dysfunction is still
unknown. As shown in Figure 5A, treatment with PM2.5
significantly increased the permeability of HUVECs
compared with that of the untreated group. In addition,
overexpression of HCG18 and SOX7 or inhibition of
miR-21-5p significantly inhibited FITC-dextran diffusion
across the HUVEC sheet (Figure 5A). Moreover, the
effect of HCG18, SOX7 and miR-21-5p inhibitor on the
permeability of HUVEC monolayers was abrogated by
cotreatment with PM2.5 (Figure 5A). Then, we stained
the cells with VE-cadherin to visualize adherent junctions
and found that VE-cadherin staining tended to be
localized at cell-cell junctions. Furthermore, treatment
with PM2.5 significantly inhibited the expression of VE-
cadherin in treated HUVECs compared with the
untreated group. In addition, overexpression of HCG18
or SOX7 or inhibition of miR-21-5p significantly
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Figure 4. The IncRNA HCG18/miR-21-5p/SOX7/VE-cadherin axis is regulated by PM2.5 in vascular endothelial cells. (A) The
binding relationship of SOX7 and the promoter region of VE-cadherin was predicted online. (B) Dual-luciferase reporter assay showed that
SOX7 promote the transcriptional activities of VE-cadherin. (C) The protein expression of VE-cadherin was up-regulated in SOX7-
overexpressed HUVECs. (D) The quantitative analysis of the results of C. (E) Overexpression of HCG18 promoted the expression of VE-
cadherin, and the induction effect was abrogated by both overexpression of HCG18 or SOX7 and treatment with PM2.5. (F) The quantitative

analysis of the results of E. ns: no significantly different. ***: P<0.001.
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increased the expression of VE-cadherin compared with
that in the control groups (Figure 5B). Cotreatment with
PM2.5 abrogated the overexpression of VE-cadherin
induced by overexpression HCG18 or SOX7 or inhibition

g
=}

kK
k%

of miR-21-5p. (Figure 5B). Together, these results
showed that PM2.5 may increase the permeability of
HUVECs by regulating HCG18/miR-21-5p/SOX7/VE-
cadherin signaling.

-
(5,

Jekk

=
o

Relative absorbance >
o
o

0

mock + =
PM2.5 - +
vector - - + -
HCG18 - - - +
SOX7 -
NC
miR-21-5p
inhibitor

B VE-Cadherin DAPI Merge

PM2.5 +

o
S
=
2
7=
E
o
(']
G
-
o
x
£
&
S
=
2
E=
&
o
0
-
N
x
£

*k

VE-Cadherin DAPI Merge

SOX7 PM2.5+HCG18 HCG18 vector

PM2.5+SOX7

Figure 5. PM2.5 increased the permeability of vascular endothelial cells through regulation of the HCG18/miR-21-
5p/SOX7/VE-cadherin axis. (A) The permeability detected by FITC-dextran transwell assay increased in PM2.5-treated HUVECs and
decreased in HCG18 or SOX7-overexpressed or miR-21-5p-inhibited HUVECs. (B) Immunofluorescence assay was used to detect the
expression and location of VE-cadherin in HUVECs. The expression of VE-cadherin was inhibited in PM2.5-treated HUVECs and increased in
HCG18 or SOX7-overexpressed or miR-21-5p-inhibited HUVECs. Cotreatment with PM2.5 abrogated the overexpression of VE-cadherin
induced by overexpression of HCG18 or SOX7 or inhibition of miR-21-5p. *: P<0.05; **: P<0.01; ***: P<0.001. Scale bar: 50 pm.
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DISCUSSION

This study demonstrates that down-regulation of HCG18
results in vascular endothelial barrier dysfunction and
functions as a ceRNA that is involved in PM2.5-induced
miR-21-5p expression. These data provide support for a
model in which HCG18 is down-regulated upon
exposure to PM2.5 in vascular endothelial cells, which
directly results in the up-regulation of miR-21-5p through
the function of HCG18 as a ceRNA. High levels of miR-
21-5p inhibit the expression of its target gene SOX7,
which could bind to the VE-cadherin promoter region to
regulate its transcriptional activity. In addition,
constitutive suppression of the expression of VE-cadherin
disrupts the junctions of endothelial cells and results in
vascular endothelial barrier dysfunction (Figure 6).

In the past few years, it has become clear that the
transcriptome is far larger and more complex than
previously thought. The protein-coding genes account
for 2% of the genome, while most of the transcripts do
not encode any protein and were considered as “junk
RNA” for a long time [20-22]. Recent investigations
have found that noncoding RNAs (ncRNAs) play
important regulatory roles in various physiological and
pathological processes. Both miRNAs and IncRNAs are
defined as functional ncRNAs in the transcriptome.
miRNAs are short and highly conserved, and their
functions have been well defined in recent years.
Although there are some reports about the role of
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IncRNAs in cellular processes, the functions of most
IncRNAs remain elusive due to the large number of
annotated sequences and secondary structures.
LncRNAs are defined as a type of RNA transcript
greater than 200 nt in length that has no apparent coding
potential. Dysregulation of IncRNAs is often associated
with pathological processes, including cancer, leukemia,
Alzheimer’s disease and diabetes [23, 24]. Recently, it
has also been reported that IncRNAs are involved in
regulating endothelial cell function [25-28]. In addition,
INcRNA  myocardial-infarction-associated  transcript
(MIAT) and IncRNA nuclear paraspeckle assembly
transcript 1 (NEAT1) could improve endothelial barrier
function [29, 30]. In this study, we confirmed that
multiple dysregulated IncRNAs were found during the
process of endothelial barrier dysfunction upon exposure
to PM2.5. Our results further confirmed the regulatory
role of InNcRNAs on endothelial barrier function.

Studies have demonstrated that INcRNAs play important
regulatory roles in the mammalian system by regulating
gene expression through various mechanisms, including
chromatin modification, posttranscriptional regulation
of gene expression (such as splicing, mMRNA translation
and mRNA degradation) and acting as a ceRNA sponge
of miRNAs [29-34]. Reports have indicated that miR-
21 can be regulated by IncRNAs in various pathological
processes [35-38]. It has been shown that GAS5 and
miR-21 are likely in the same AGO2 complex, and
GASS could act as a ceRNA to sponge miR-21 in breast
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Figure 6. PM2.5 increased permeability of HUVECs through HCG18/miR-21-5p/SOX7/VE-cadherin signaling.

www.aging-us.com 23967

AGING



cancer cells [35]. In the course of our research, reports
demonstrated that INcRNA CASC2 sponges miR-21 in
oral squamous cell carcinoma and in the modulation of
sensitizes cervical cancer to cisplatin, and InNcRNA FTX
can also negatively control miR-21-5p during status
epilepticus [36-38]. Our previous report demonstrated
that miR-21-5p transcription is regulated by STAT3 and
is involved in PM25-induced vascular barrier
dysfunction [6]. According to the reports indicated
above, we further identified potential INcRNAs that could
regulate the expression of miR-21-5p during endothelial
cell permeability increase upon exposure to PM2.5. The
INcRNA HCG18 has been reported to regulate gene
expression by acting as a ceRNA that sponges miR-34c-
5p in intervertebral disc degeneration or miR-146a-5p in
bladder cancer cells [11, 17]. In this study, we confirmed
that HCG18 is the most downregulated IncRNA that
could bind to miR-21-5p in PM2.5-treated HUVECs. In
addition, HCG18 could act as a ceRNA to negatively
regulate the expression of miR-21-5p. Combined with
previous reports, our results further demonstrated that a
single miRNA could be regulated by multiple INcRNAs.

Sex-determining region Y-box 7 (SOX7) is a member
of the SOXF subfamily, which belongs to the high
mobility group (HMG) superfamily of transcription
factors [39]. It has been reported that SOX7 can be
expressed in vascular endothelial cells and plays an
important role in angiogenesis and vascular development
[19, 40-43]. However, whether SOX7 participates in
maintaining vascular endothelial barrier function is still
unclear. SOX7 can bind to the promoter region of VE-
cadherin and transcriptionally regulate VE-cadherin
expression in the hemogenic endothelium during
hematopoietic development [19]. In addition, our
previous report indicated that exposure to PM2.5 in
HUVECs can down-regulate the expression of VE-
cadherin and further increase endothelial permeability
[6]. These studies suggest that SOX7 might be involved
in endothelial barrier function through transcriptional
regulation of VE-cadherin expression. In this study, we
confirmed the hypothesis that inhibiting SOX7 can
decrease the expression of VE-cadherin and further
increase endothelial cell permeability upon exposure to
PM25 in HUVECs. Although SOX7 acts as a
transcription factor to regulate gene expression, the
regulatory mechanism of PM2.5-induced down-
regulation of SOX7 in HUVECs is still unknown. It has
been reported that SOX7 can be regulated by miRNAs
in hepatocellular carcinoma and glioblastoma [44, 45].
Our work demonstrated that miR-21-5p can directly
bind to the 3’'UTR of SOX7 and post-transcriptionally
regulate SOX7 expression in HUVECs. While our
research was conducted, it was reported that miR-21-5p
regulates SOX7 expression in a rat temporal lobe
epilepsy model [36]. Therefore, we further confirmed

that SOX7 is a target of miR-21-5p and that the miR-
21-5p/SOX7 axis plays an important role in maintaining
endothelial barrier function.

In summary, this study demonstrates that down-
regulation of IncRNA HCG18 in HUVECs is involved
in PM2.5-induced vascular barrier dysfunction. These
findings further confirm the molecular mechanism by
which miR-21-5p inhibits SOX7 and suppresses VE-
cadherin expression, which was not clearly understood
in our preliminary report.

MATERIALS AND METHODS
Regents and antibodies

Rabbit anti-SOX7 (BA3297-2, diluted at 1:1000 for WB
(western blotting assay)) was obtained from Boster
(Wuhan, China), rabbit anti-VE-cadherin (#2500,
diluted at 1:1000 for WB and 1:200 for IF
(immunofluorescence staining) and rabbit anti-GAPDH
(#5174S, diluted at 1: 1000 for WB) were obtained from
Cell Signaling Technology, Inc. (Danvers, MA, USA).
MiR-21-5p mimics (miR10000076), miR-21-5p
inhibitor (miR20000076) were purchased from RiboBio
Co., Ltd., China.

miR-21-5p mimics are chemically synthesized miRNA
which is easy to control transient transfection into the
cell, while miR-21-5p inhibitor is single-stranded
synthetic inhibitor having complementary sequences to
target miRNA.

PM2.5 were sampled from Beijing and analyzed as our
previous research [7].

Cell lines

Human umbilical vein endothelial cells (HUVECSs) were
isolated from human umbilical wveins provided by
Affiliated Hospital of Guangzhou Medical University,
according to previous report [46]. The isolated cells were
maintained in endothelial cell growth medium EBM-2
(CC-3162, Lonza). 293T cells were kindly provided by
the Stem Cell Bank, Chinese Academy of Sciences, and
cultured in Dulbecco's Modified Eagle Medium
(C11995500BT, GIBCO) with 10% FBS (Gibco),
penicillin (100 U/mL) and streptomycin (100 mg/mL).
All the cells were incubated in 5% CO, incubator at
37°C.

Establishment of cell model
HUVECs were treated with PM2.5 working solution

(80pg/mL) for 24 hours, which is diluted from a stock
solution (10mg/ml) with EBM-2 medium.
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Microarray analysis

Total RNAs were extracted from PM2.5-treated or
PM2.5-untreated HUVECs (n=3). The differential
expression of IncRNAs was detected using the
RiboArray® human IncRNA microarray according to
RiboBio IncRNA Hybridization protocol.

Real-time quantitative PCR (QRT-PCR)

Total RNAs were extracted from HUVECs using
NucleoZol (MACHEREY-NAGEL, Germany) and
reverse transcribed using PrimeScript™ RT Reagent Kit
(RRO14A, TaKaRa, Japan) and the real-time PCR
analysis was carried out using SYBR® Premix ExTaq™
I (TliRNaseH Plus) PCR Kit (RR820A, TaKaRa, Japan)
on the 7500 Real-Time PCR System (ABI). The PCR
primers were designed and synthesized by RiboBio Co.,
Ltd., China. The results were analyzed using the 2 <"
method. The expression of U6 was selected as a reference.

RNA immunoprecipitation (RIP)

RIP assay was performed using Magna RIP™RNA-
Binding Protein Immunoprecipitation Kit (Millipore,
MA, USA). HUVECs were lysed in the lysis buffer and
incubated with RIP buffer containing magnetic beads
that coated with anti-human argonaute 2 (AGO?2)
antibodies (Millipore, USA) or IgG (Millipore, USA) at
4°C overnight. RNAs were purified from RNA-protein
complexes bounded to the beads. Then, the expression
of HCG18 and miR-21 was detected by qRT-PCR.

Plasmid construction and cell transfection

(1) For expression of HCG18 or SOX7, the full-length
HCG18 sequence and full-length coding sequence
(CDS) of SOX7 were amplified from human cDNA
extracted from HUVECSs and cloned into pcDNA3.1(+)
vector (Invitrogen, Carlsbad, CA).

(2) The binding sites of HCG18 and miR-21-5p were
predicted by Star base v2.0, RNA22 and miRDB. Then,
a 500 bp wild-type (WT) DNA sequence containing the
putative binding sites and its mutant binding sites were
amplified and cloned into psiCHECK2 vector
(Promega, Madison, WI) separately. The binding sites
of miR-21-5p on SOX7 ’UTR was predicted by
TargetScan7.2. A 100-nt wild-type (WT) DNA
sequence containing the putative binding sites and its
mutant binding sites (MUT) for miR-21-5p in the SOX7
3’UTR was amplified and cloned into psiCHECK-2
vector separately.

(3) For promoter analysis, a 400-bp genomic fragment
(-552~+63) containing the predicted wild-type (WT)

SOX7 binding sites and its mutant binding sites (MUT)
in VE-cadherin promoter were amplified and cloned
into pGL3-Basic vector (Promega, Madison, WI). All
primers are listed in Table 1.

Luciferase activity assay

HCG18 3’UTR reporter vectors and miR-21-5p mimics,
SOX7 3’UTR reporter vectors and miR-21-5p mimic,
SOX7 expression vector and VE-cadherin promoter
reporter vectors were cotranfected into 293T cells
separately. Then, luciferase activity was measured at 48 h
post transfection using the Dual-Luciferase Reporter
Assay System (E2920, Promega, USA). Renilla luciferase
activity was normalized to firefly luciferase expression.

Western blotting assay

Total proteins were extracted from HUVECs using RIPA
lysis buffer (WB-0072, Dingguo) with PMSF (WB-0072,
Dingguo). Protein concentrations were determined by
Mithras LB940 (BERTHOLD, Germany). Total proteins
were separated using 10% (w/v) Sodium dodecylsulphate-
polyacrylamide gel electrophoresis (SDS-PAGE), and
then transferred onto a polyvinylidene fluoride (PVDF)
membrane (Millipore, MA, USA). The membranes were
blocked using 5% (w/v) non-fat powder milk, and
incubated with relative primary antibody and horseradish
peroxidase (HRP)-conjugated secondary antibodies. The
protein bands were further visualized using the Image
Quant LAS 4000 system (GE Healthcare, Waukesha, WI,
USA) and quantified using Quantity-One protein analysis
software (Bio-Rad Laboratories, Hercules, CA, USA).
GAPDH was used as a reference.

In vitro FITC-dextran transwell assay

HUVECs were seeded on the top chamber of transwell
inserts. FITC-dextran was added to the top chamber
and samples were removed from the bottom chamber
after 5 h. Then, the fluorescence intensity was
analyzed with a fluorometer at an excitation of 490 nm
and an emission of 530 nm.

Immunofluorescence assay (IF)

HUVECs was on the coverslips and transfected with the
expression plasmids of HCG18 or SOX7 or miR-21-5p
mimics, and then treated with PM2.5. Cells were fixed
in 4% polyoxymethylene and permeated in 1% Triton
X-100. Then, cells were blocked using 1% BSA and
incubated with rabbit anti-VE-cadherin antibody and
Alexa Fluor 488 donkey anti-rabbit IgG (H+L) (Life
Technology, USA). Following it, cells were stained
with DAPI and photographed using a Laser scanning
confocal microscope (Axio-Imager_LSM-800, ZEISS).
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Table 1. Primers used in polymerase chain reaction (PCR) assay.

Gene Primer sequence (5°—3”)

IncHCG18 full length on Plasmid Forward GAATTCTTAGAGGATCCTGTTT
Reverse TCTAGATTTTTAGAAAGATGAT

SOX7 CDS full length on Plasmid Forward CTGCTGGGAGCCTACCCTTGG
Reverse CAGCCAGGACGGAGATGAG

IncHCG18-244 Forward GAATTCTTAGAGGATCCTGTTT
Reverse TCTAGATTTTTAGAAAGATGAT

SOX7 3’UTR Forward GTTGATGATATGATTGACTGATGC
Reverse CTGTTCCAAAGTATGAGTTGTTCT

SOX7 3°’UTR mut Forward CATAAAACAGTATCACAGACATGCCGTGGAACTC
Reverse TTCAAAAAAACGAAACAGTTCCACGGCATG

VE-Cadherin promoter Forward AGGAGGGTTAAATGTGATGCTG
Reverse GGGATGTTTCTGTTCCGTTG

VE-Cadherin promoter mut Forward CAAAGGCGACCCAACAGGAA
Reverse CCTGTTGGGTCGCCTTTGT

Database or software

RNA22 (version 2.0, http://cm.jefferson.edu/rna22/
Interactive/) was used to predict binding sites between
InNcRNA and miRNA.

TargetScan (ver 7.2, http://www.targetscan.org/vert_72/)
was used to predict binding sites between miR-21 and
SOX7 3’UTR region.

JASPAR (http://jaspar.genereg.net/) was used to predict
binding sites between SOX7 and VVE-Cadherin promoter
region.

Statistical analysis

All data are presented as the mean + standard deviation
(S.D.) from 3 independent experiments. Statistical
analysis was using SPSS 16.0 software (SPSS, Chicago,
IL, USA) and GraphPad Prism 5 (GraphPad Software,
Inc., San Diego, CA, USA). Differences between groups
were analyzed using a two-sided Student’s t-test. P<0.05
were considered statistically significant.

Abbreviations

InNcRNA HCG18: Long non-coding RNA, HCG18;
PM2.5: Particulate Matter 2.5; ceRNA: competing
endogenous RNA; HUVECs: Human umbilical vein
endothelial cells.

AUTHOR CONTRIBUTIONS

Jianwei Dai and Qian-Qian Zhang designed the study
and supervise all aspect of the study. Shiwen Wang,
Yuyin Lin, Yue Zhong, Xiaolan Guo, Maozhou Zhao,

Wei Yao, Xiaohui Ren conduct the experiment and
initial data analysis.

ACKNOWLEDGMENTS

The authors thank Dr. Xiaodong Fu for providing
excellent technical assistance.

CONFLICTS OF INTEREST

The authors have no conflicts of interest to declare.
FUNDING

This research was supported by the National Natural
Science Foundation of China (42041002), the Natural
Science Foundation of Guangdong Province, China
(2016A030313601 and 2018A0303130281), the Science
and Technology Planning Project of Guangdong
Province, China (2017A020211009), Supported by the
grant from the State Key Lab of Respiratory Disease,
Guangzhou Medical University (J19112006017).

REFERENCES

1. Lee DY, Chiu JJ. Atherosclerosis and flow: roles of
epigenetic modulation in vascular endothelium. J
Biomed Sci. 2019; 26:56.
https://doi.org/10.1186/s12929-019-0551-8
PMID:31387590

2. Weis SM. Vascular permeability in cardiovascular
disease and cancer. Curr Opin Hematol. 2008; 15:243—
49.
https://doi.org/10.1097/MOH.0b013e3282f97d86
PMID:18391792

www.aging-us.com 23970

AGING


http://cm.jefferson.edu/rna22/Interactive/
http://cm.jefferson.edu/rna22/Interactive/
http://www.targetscan.org/vert_72/
http://jaspar.genereg.net/
https://doi.org/10.1186/s12929-019-0551-8
https://pubmed.ncbi.nlm.nih.gov/31387590
https://doi.org/10.1097/MOH.0b013e3282f97d86
https://pubmed.ncbi.nlm.nih.gov/18391792

10.

Schéachinger V, Britten MB, Zeiher AM. Prognostic
impact of coronary vasodilator dysfunction on adverse
long-term outcome of coronary heart disease.
Circulation. 2000; 101:1899-906.
https://doi.org/10.1161/01.cir.101.16.1899
PMID:10779454

Brunner H, Cockcroft JR, Deanfield J, Donald A,
Ferrannini E, Halcox J, Kiowski W, Liuscher TF, Mancia
G, Natali A, Oliver JJ, Pessina AC, Rizzoni D, et al, and
Working Group on Endothelins and Endothelial Factors
of the European Society of Hypertension. Endothelial
function and dysfunction. Part Il: Association with
cardiovascular risk factors and diseases. A statement
by the Working Group on Endothelins and Endothelial
Factors of the European Society of Hypertension. J
Hypertens. 2005; 23:233-46.
https://doi.org/10.1097/00004872-200502000-00001
PMID:15662207

Krouwer VJ, Hekking LH, Langelaar-Makkinje M, Regan-
Klapisz E, Post JA. Endothelial cell senescence is
associated with disrupted cell-cell junctions and
increased monolayer permeability. Vasc Cell. 2012;
4:12.

https://doi.org/10.1186/2045-824X-4-12
PMID:22929066

Dai J, Chen W, Lin Y, Wang S, Guo X, Zhang QQ.
Exposure to concentrated ambient fine particulate
matter induces vascular endothelial dysfunction via
miR-21. Int J Biol Sci. 2017; 13:868-77.
https://doi.org/10.7150/ijbs.19868 PMID:28808419

Dai J, Sun C, Yao Z, Chen W, Yu L, Long M. Exposure to
concentrated ambient fine particulate matter disrupts
vascular endothelial cell barrier function via the IL-
6/HIF-1a signaling pathway. FEBS Open Bio. 2016;
6:720-28.

https://doi.org/10.1002/2211-5463.12077
PMID:27398311

Corada M, Lliao F, Lindgren M, Lampugnani MG,
Breviario F, Frank R, Muller WA, Hicklin DJ, Bohlen P,
Dejana E. Monoclonal antibodies directed to different
regions of vascular endothelial cadherin extracellular
domain affect adhesion and clustering of the protein
and modulate endothelial permeability. Blood. 2001;
97:1679-84.
https://doi.org/10.1182/blood.v97.6.1679
PMID:11238107

Bazzoni G, Dejana E. Endothelial cell-to-cell junctions:
molecular organization and role in vascular
homeostasis. Physiol Rev. 2004; 84:869-901.
https://doi.org/10.1152/physrev.00035.2003
PMID:15269339

Mattick JS, Rinn JL. Discovery and annotation of long
noncoding RNAs. Nat Struct Mol Biol. 2015; 22:5-7.

11.

12.

13.

14.

15.

16.

17.

18.

19.

https://doi.org/10.1038/nsmb.2942
PMID:25565026

Xi Y, Jliang T, Wang W, Yu J, Wang Y, Wu X, He Y. Long
non-coding HCG18 promotes intervertebral disc
degeneration by sponging miR-146a-5p and regulating
TRAF6 expression. Sci Rep. 2017; 7:13234.
https://doi.org/10.1038/s41598-017-13364-6
PMID:29038477

Batista PJ, Chang HY. Long noncoding RNAs: cellular
address codes in development and disease. Cell. 2013;
152:1298-307.
https://doi.org/10.1016/j.cell.2013.02.012
PMID:23498938

Luo M, Jeong M, Sun D, Park HJ, Rodriguez BA, Xia Z,
Yang L, Zhang X, Sheng K, Darlington GJ, Li W, Goodell
MA. Long non-coding RNAs control hematopoietic
stem cell function. Cell Stem Cell. 2015; 16:426—38.
https://doi.org/10.1016/j.stem.2015.02.002
PMID:25772072

Zhu P, Wu J, Wang Y, Zhu X, Lu T, Liu B, He L, Ye B,
Wang S, Meng S, Fan D, Wang J, Yang L, et al. LncGata6
maintains stemness of intestinal stem cells and
promotes intestinal tumorigenesis. Nat Cell Biol. 2018;
20:1134-44.
https://doi.org/10.1038/s41556-018-0194-0
PMID:30224759

Perry RB, Ulitsky I. The functions of long noncoding
RNAs in development and stem cells. Development.
2016; 143:3882-94.
https://doi.org/10.1242/dev.140962 PMID:27803057

Salmena L, Poliseno L, Tay Y, Kats L, Pandolfi PP. A
ceRNA hypothesis: the Rosetta Stone of a hidden RNA
language? Cell. 2011; 146:353-58.
https://doi.org/10.1016/j.cell.2011.07.014
PMID:21802130

Xu Z, Huang B, Zhang Q, He X, Wei H, Zhang D. NOTCH1
regulates the proliferation and migration of bladder
cancer cells by cooperating with long non-coding RNA
HCG18 and microRNA-34c-5p. J Cell Biochem. 2019;
120:6596-604.

https://doi.org/10.1002/jcb.27954 PMID:30426533

Chen L, Zhang S, Wu J, Cui J, Zhong L, Zeng L, Ge S.
circRNA_100290 plays a role in oral cancer by
functioning as a sponge of the miR-29 family.
Oncogene. 2017; 36:4551-61.
https://doi.org/10.1038/0onc.2017.89 PMID:28368401

Costa G, Mazan A, Gandillet A, Pearson S, Lacaud G,
Kouskoff V. SOX7 regulates the expression of VE-
cadherin in the haemogenic endothelium at the onset
of haematopoietic development. Development. 2012;
139:1587-98.

https://doi.org/10.1242/dev.071282 PMID:22492353

www.aging-us.com

23971

AGING


https://doi.org/10.1161/01.cir.101.16.1899
https://pubmed.ncbi.nlm.nih.gov/10779454
https://doi.org/10.1097/00004872-200502000-00001
https://pubmed.ncbi.nlm.nih.gov/15662207
https://doi.org/10.1186/2045-824X-4-12
https://pubmed.ncbi.nlm.nih.gov/22929066
https://doi.org/10.7150/ijbs.19868
https://pubmed.ncbi.nlm.nih.gov/28808419
https://doi.org/10.1002/2211-5463.12077
https://pubmed.ncbi.nlm.nih.gov/27398311
https://doi.org/10.1182/blood.v97.6.1679
https://pubmed.ncbi.nlm.nih.gov/11238107
https://doi.org/10.1152/physrev.00035.2003
https://pubmed.ncbi.nlm.nih.gov/15269339
https://doi.org/10.1038/nsmb.2942
https://pubmed.ncbi.nlm.nih.gov/25565026
https://doi.org/10.1038/s41598-017-13364-6
https://pubmed.ncbi.nlm.nih.gov/29038477
https://doi.org/10.1016/j.cell.2013.02.012
https://pubmed.ncbi.nlm.nih.gov/23498938
https://doi.org/10.1016/j.stem.2015.02.002
https://pubmed.ncbi.nlm.nih.gov/25772072
https://doi.org/10.1038/s41556-018-0194-0
https://pubmed.ncbi.nlm.nih.gov/30224759
https://doi.org/10.1242/dev.140962
https://pubmed.ncbi.nlm.nih.gov/27803057
https://doi.org/10.1016/j.cell.2011.07.014
https://pubmed.ncbi.nlm.nih.gov/21802130
https://doi.org/10.1002/jcb.27954
https://pubmed.ncbi.nlm.nih.gov/30426533
https://doi.org/10.1038/onc.2017.89
https://pubmed.ncbi.nlm.nih.gov/28368401
https://doi.org/10.1242/dev.071282
https://pubmed.ncbi.nlm.nih.gov/22492353

20.

21.

22.

23.

24,

25.

26.

27.

28.

Cui W, Qian Y, Zhou X, Lin Y, Jiang J, Chen J, Zhao Z,
Shen B. Discovery and characterization of long
intergenic  non-coding RNAs (lincRNA) module
biomarkers in prostate cancer: an integrative analysis
of RNA-seq data. BMC Genomics. 2015 (Suppl 7);
16:S3.

https://doi.org/10.1186/1471-2164-16-57-S3
PMID:26100580

Bertone P, Stolc V, Royce TE, Rozowsky JS, Urban AE,
Zhu X, Rinn JL, Tongprasit W, Samanta M, Weissman S,
Gerstein M, Snyder M. Global identification of human
transcribed sequences with genome tiling arrays.
Science. 2004; 306:2242-46.
https://doi.org/10.1126/science.1103388
PMID:15539566

Wilusz JE, Sunwoo H, Spector DL. Long noncoding
RNAs: functional surprises from the RNA world. Genes
Dev. 2009; 23:1494-504.
https://doi.org/10.1101/gad.1800909

PMID:19571179

Shi X, Sun M, Liu H, Yao Y, Song Y. Long non-coding
RNAs: a new frontier in the study of human diseases.
Cancer Lett. 2013; 339:159-66.
https://doi.org/10.1016/j.canlet.2013.06.013
PMID:23791884

DiStefano JK. The emerging role of long noncoding
RNAs in human disease. Methods Mol Biol. 2018;
1706:91-110.
https://doi.org/10.1007/978-1-4939-7471-9 6
PMID:29423795

Michalik KM, You X, Manavski Y, Doddaballapur A,
Z6rnig M, Braun T, John D, Ponomareva Y, Chen W,
Uchida S, Boon RA, Dimmeler S. Long noncoding RNA
MALAT1 regulates endothelial cell function and vessel
growth. Circ Res. 2014; 114:1389-97.
https://doi.org/10.1161/CIRCRESAHA.114.303265
PMID:24602777

Li K, Blum Y, Verma A, Liu Z, Pramanik K, Leigh NR,
Chun CZ, Samant GV, Zhao B, Garnaas MK, Horswill
MA, Stanhope SA, North PE, et al. A noncoding
antisense RNA in tie-1 locus regulates tie-1 function in
vivo. Blood. 2010; 115:133-39.
https://doi.org/10.1182/blood-2009-09-242180
PMID:19880500

Leisegang MS, Fork C, lJosipovic |, Richter FM,
Preussner J, Hu J, Miller MJ, Epah J, Hofmann P,
Glinther S, Moll F, Valasarajan C, Heidler J, et al. Long
noncoding RNA MANTIS facilitates endothelial
angiogenic function. Circulation. 2017; 136:65-79.
https://doi.org/10.1161/CIRCULATIONAHA.116.026991
PMID:28351900

Aryal B, Suarez Y. Non-coding RNA regulation of

29.

30.

31

32.

33.

34.

35.

36.

endothelial and macrophage functions during
atherosclerosis. Vascul Pharmacol. 2019; 114:64-75.
https://doi.org/10.1016/j.vph.2018.03.001
PMID:29551552

Yan B, Yao J, Liu JY, Li XM, Wang XQ, Li YJ, Tao ZF, Song

YC, Chen Q, lJiang Q. IncRNA-MIAT regulates
microvascular dysfunction by functioning as a
competing endogenous RNA. Circ Res. 2015;
116:1143-56.

https://doi.org/10.1161/CIRCRESAHA.116.305510
PMID:25587098

Guo J, Cai H, Zheng J, Liu X, Liu Y, Ma J, Que Z, Gong W,
Gao Y, Tao W, Xue Y. Long non-coding RNA NEAT1
regulates permeability of the blood-tumor barrier via
miR-181d-5p-mediated expression changes in ZO-1,
occludin, and claudin-5. Biochim Biophys Acta Mol
Basis Dis. 2017; 1863:2240-54.
https://doi.org/10.1016/j.bbadis.2017.02.005
PMID:28185956

Hu W, Alvarez-Dominguez JR, Lodish HF. Regulation of
mammalian cell differentiation by long non-coding
RNAs. EMBO Rep. 2012; 13:971-83.
https://doi.org/10.1038/embor.2012.145
PMID:23070366

Rinn JL, Chang HY. Genome regulation by long
noncoding RNAs. Annu Rev Biochem. 2012; 81:145-66.
https://doi.org/10.1146/annurev-biochem-051410-
092902 PMID:22663078

Tripathi V, Ellis JD, Shen Z, Song DY, Pan Q, Watt AT,
Freier SM, Bennett CF, Sharma A, Bubulya PA,
Blencowe BJ, Prasanth SG, Prasanth KV. The nuclear-
retained noncoding RNA MALAT1 regulates alternative
splicing by  modulating SR  splicing factor
phosphorylation. Mol Cell. 2010; 39:925-38.
https://doi.org/10.1016/j.molcel.2010.08.011
PMID:20797886

Yoon JH, Abdelmohsen K, Srikantan S, Yang X,
Martindale JL, De S, Huarte M, Zhan M, Becker KG,
Gorospe M. LincRNA-p21 suppresses target mRNA
translation. Mol Cell. 2012; 47:648-55.
https://doi.org/10.1016/j.molcel.2012.06.027
PMID:22841487

Zhang Z, Zhu Z, Watabe K, Zhang X, Bai C, Xu M, Wu F,
Mo YY. Negative regulation of IncRNA GAS5 by miR-21.
Cell Death Differ. 2013; 20:1558-68.

https://doi.org/10.1038/cdd.2013.110 PMID:23933812

Li X, Giri V, Cui Y, Yin M, Xian Z, Li J. LncRNA FTX inhibits
hippocampal neuron apoptosis by regulating miR-21-
5p/SOX7 axis in a rat model of temporal lobe epilepsy.
Biochem Biophys Res Commun. 2019; 512:79-86.
https://doi.org/10.1016/j.bbrc.2019.03.019

PMID:30871773

www.aging-us.com

23972

AGING


https://doi.org/10.1186/1471-2164-16-S7-S3
https://pubmed.ncbi.nlm.nih.gov/26100580
https://doi.org/10.1126/science.1103388
https://pubmed.ncbi.nlm.nih.gov/15539566
https://doi.org/10.1101/gad.1800909
https://pubmed.ncbi.nlm.nih.gov/19571179
https://doi.org/10.1016/j.canlet.2013.06.013
https://pubmed.ncbi.nlm.nih.gov/23791884
https://doi.org/10.1007/978-1-4939-7471-9_6
https://pubmed.ncbi.nlm.nih.gov/29423795
https://doi.org/10.1161/CIRCRESAHA.114.303265
https://pubmed.ncbi.nlm.nih.gov/24602777
https://doi.org/10.1182/blood-2009-09-242180
https://pubmed.ncbi.nlm.nih.gov/19880500
https://doi.org/10.1161/CIRCULATIONAHA.116.026991
https://pubmed.ncbi.nlm.nih.gov/28351900
https://doi.org/10.1016/j.vph.2018.03.001
https://pubmed.ncbi.nlm.nih.gov/29551552
https://doi.org/10.1161/CIRCRESAHA.116.305510
https://pubmed.ncbi.nlm.nih.gov/25587098
https://doi.org/10.1016/j.bbadis.2017.02.005
https://pubmed.ncbi.nlm.nih.gov/28185956
https://doi.org/10.1038/embor.2012.145
https://pubmed.ncbi.nlm.nih.gov/23070366
https://doi.org/10.1146/annurev-biochem-051410-092902
https://doi.org/10.1146/annurev-biochem-051410-092902
https://pubmed.ncbi.nlm.nih.gov/22663078
https://doi.org/10.1016/j.molcel.2010.08.011
https://pubmed.ncbi.nlm.nih.gov/20797886
https://doi.org/10.1016/j.molcel.2012.06.027
https://pubmed.ncbi.nlm.nih.gov/22841487
https://doi.org/10.1038/cdd.2013.110
https://pubmed.ncbi.nlm.nih.gov/23933812
https://doi.org/10.1016/j.bbrc.2019.03.019
https://pubmed.ncbi.nlm.nih.gov/30871773

37.

38.

39.

40.

41.

42.

Pan L, Chen H, Bai Y, Wang Q, Chen L. Long non-coding
RNA CASC2 serves as a ceRNA of microRNA-21 to
promote PDCD4 expression in oral squamous cell
carcinoma. Onco Targets Ther. 2019; 12:3377-85.

https://doi.org/10.2147/0TT.5198970 PMID:31123403

Feng Y, Zou W, Hu C, Li G, Zhou S, He Y, Ma F, Deng C,
Sun L. Modulation of CASC2/miR-21/PTEN pathway
sensitizes cervical cancer to cisplatin. Arch Biochem
Biophys. 2017; 623:20-30.
https://doi.org/10.1016/j.abb.2017.05.001
PMID:28495512

Alonso-Martin S, Auradé F, Mademtzoglou D, Rochat
A, Zammit PS, Relaix F. SOXF factors regulate murine
satellite cell self-renewal and function through
inhibition of B-catenin activity. Elife. 2018; 7:€26039.
https://doi.org/10.7554/eLife.26039 PMID:29882512

Grimm D, Bauer J, Wise P, Kriiger M, Simonsen U,
Wehland M, Infanger M, Corydon TJ. The role of SOX
family members in solid tumours and metastasis.
Semin Cancer Biol. 2019; $1044-579X:30141.
https://doi.org/10.1016/j.semcancer.2019.03.004
PMID:30914279

Cermenati S, Moleri S, Cimbro S, Corti P, Del Giacco L,
Amodeo R, Dejana E, Koopman P, Cotelli F, Beltrame
M. Sox18 and Sox7 play redundant roles in vascular
development. Blood. 2008; 111:2657—66.
https://doi.org/10.1182/blood-2007-07-100412
PMID:18094332

Zhou Y, Williams J, Smallwood PM, Nathans J. Sox7,
Sox17, and Sox18 cooperatively regulate vascular

43.

44,

45.

46.

development in the mouse retina. PLoS One. 2015;
10:e0143650.
https://doi.org/10.1371/journal.pone.0143650
PMID:26630461

Wat JJ, Wat MJ. Sox7 in vascular development: review,
insights and potential mechanisms. Int J Dev Biol. 2014;
58:1-8.

https://doi.org/10.1387/ijdb.130323mw
PMID:24860989

Wu GG, Li WH, He WG, lJiang N, Zhang GX, Chen W,
Yang HF, Liu QL, Huang YN, Zhang L, Zhang T, Zeng XC.
Mir-184  post-transcriptionally ~ regulates = SOX7
expression and promotes cell proliferation in human
hepatocellular carcinoma. PLoS One. 2014; 9:e88796.
https://doi.org/10.1371/journal.pone.0088796
PMID:24558429

Hao Y, Zhang S, Sun S, Zhu J, Xiao Y. MiR-595 targeting
regulation of SOX7 expression promoted cell
proliferation of human glioblastoma. Biomed
Pharmacother. 2016; 80:121-26.
https://doi.org/10.1016/j.biopha.2016.03.008
PMID:27133048

Marin V, Kaplanski G, Gres S, Farnarier C, Bongrand P.
Endothelial cell culture: protocol to obtain and
cultivate human umbilical endothelial cells. J Immunol
Methods. 2001; 254:183-90.
https://doi.org/10.1016/s0022-1759(01)00408-2
PMID:11406163

www.aging-us.com

23973

AGING


https://doi.org/10.2147/OTT.S198970
https://pubmed.ncbi.nlm.nih.gov/31123403
https://doi.org/10.1016/j.abb.2017.05.001
https://pubmed.ncbi.nlm.nih.gov/28495512
https://doi.org/10.7554/eLife.26039
https://pubmed.ncbi.nlm.nih.gov/29882512
https://doi.org/10.1016/j.semcancer.2019.03.004
https://pubmed.ncbi.nlm.nih.gov/30914279
https://doi.org/10.1182/blood-2007-07-100412
https://pubmed.ncbi.nlm.nih.gov/18094332
https://doi.org/10.1371/journal.pone.0143650
https://pubmed.ncbi.nlm.nih.gov/26630461
https://doi.org/10.1387/ijdb.130323mw
https://pubmed.ncbi.nlm.nih.gov/24860989
https://doi.org/10.1371/journal.pone.0088796
https://pubmed.ncbi.nlm.nih.gov/24558429
https://doi.org/10.1016/j.biopha.2016.03.008
https://pubmed.ncbi.nlm.nih.gov/27133048
https://doi.org/10.1016/s0022-1759(01)00408-2
https://pubmed.ncbi.nlm.nih.gov/11406163

