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Abstract: Background: Long non-coding RNAs (lncRNAs) X-inactive specific transcript (XIST) has identified to involve 
into the tumor cell angiogenesis. However, whether XIST contributes to Human Brain Microvascular Endothelial 
Cells (HBMEC) angiogenesis as well as potential mechanisms are largely unclear. Methods: The expression of XIST, 
miR-485-3p and SRY-box 7 (SOX7) in HBMEC were altered by transfection. The cell viability, cell migration and tube 
formation of HBMEC were measured, respectively. The cross-regulations between XIST, miR-485-3p, SOX7, and 
vascular endothelial growth factor (VEGF) signaling pathway were investigated by RT-qPCR and Western blot assay. 
Results: In this study, we characterized the upregulation of XIST in HBMEC under hypoxia condition. Meanwhile, 
XIST silencing impaired hypoxia-induced cell proliferation, migration and tube formation. Besides, our integrated 
experiments identified that XIST may competitively bind with miR-485-3p and then modulate the derepression of 
downstream target SRY-box 7 (SOX7). Mechanically, knockdown of XIST impaired hypoxia-induced angiogenesis via 
miR-485-3p/SOX7 axis and subsequent suppression of VEGF signaling pathway. Conclusion: Altogether, the present 
study suggested that XIST is required to maintain VEGF signaling expression in HBMEC under hypoxia condition and 
plays a vital role in hypoxia-induced angiogenesis via miR-485-3p/SOX7 axis.
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Introduction

Ischemic stroke is one of the major causes of 
death and disability worldwide and it occurs in 
absence of blood flow with oxygen and nutri-
ents [1]. Although great improvements have 
been made in medical and endovascular recan-
alization therapy, therapeutic choices for isch-
emic stroke are still limited [2, 3]. As the body 
will undergo angiogenesis to restore blood flow 
when it lacks of blood flow, angiogenesis is 
essential for the repair of ischemic stroke. 
Therefore, the promotion of angiogenesis is 
considered as an effective therapeutic target 
of treatment of ischemic stroke [4]. A deeper 
understanding of the of angiogenesis after 
ischemic stroke will help to facilitate the arrival 
of such therapies.

Long non-coding RNAs (lncRNAs) emerges as a 
class of non-coding RNAs that are greater than 
200 nucleotides in length and participate in 

various biological processes. LncRNAs play a 
vital role in the development of brain disease 
and targeting whom could effectively reverse 
the progress of brain tumors [5], cerebral hem-
orrhage [6], as well as ischemic stroke [7]. 
Recently, emerging evidence suggested that 
lncRNAs are aberrantly expressed and play 
important roles in the process of angiogenesis 
after ischemic stroke [8]. For example, lncRNA 
HIF1A-AS2 was identified as an angiogenic fac-
tor by upregulating of HIF-1α by sponging to 
miR-153-3p in human umbilical vein endotheli-
al cells in hypoxia [9]. In addition, another 
lncRNA SNHG12 was found to promote angio-
genesis in brain microvascular endothelial cells 
exposure to oxygen-glucose deprivation/reoxy-
genation [10]. Nevertheless, up to date, only 
limited number of lncRNAs have been studied 
for their effects of the angiogenesis after isch-
emic stroke and further studies are quite need-
ed to demonstrate lncRNA functions.
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The lncRNA X-inactive specific transcript (XIST), 
a product of the XIST gene, is [11] dysregulated 
in several cancers and is involved in tumor cell 
invasion, progression, metastasis, and poor 
prognosis [11-13]. XIST also plays a role in cell 
proliferation, differentiation, and genome main-
tenance [14]. Neumann et al. identified that 
XIST was increased in human umbilical vein 
endothelial cells under hypoxia stimulation [15] 
and XIST silencing promoted the cell prolifera-
tion, attenuated cell apoptosis in ox-LDL-
induced endothelial cells [16]. Additionally, a 
recent study identified that knockdown of XIST 
could increase blood-tumor barrier permeabili-
ty and inhibit glioma angiogenesis by directly 
regulating miR-137 [17]. However, the exact 
expression, function, and mechanism of XIST in 
ischemic stroke remain uncovered. 

In this study, we determined the expression lev-
els of XIST in Human Brain Microvascular 
Endothelial Cells (HBMEC) under hypoxia condi-
tion and further investigated the effects of 
exogenous regulation of XIST on HBMEC angio-
genesis. We found that knockdown of XIST 
could affect hypoxia-induced angiogenesis  
via regulation of miR-485-3p/SOX7/VEGF axis. 
The results of our study would provide more  
evidence about the involvement of lncRNAs  
in angiogenesis after ischemic stroke and  
provide a promising treatment strategy for this 
disease.

Materials and methods

Cell culture

HBMEC were obtained from Sciencell (Carlsbad, 
CA, USA). The Endothelial Cell Medium (ECM, 
Sciencell) with 10% fetal bovine serum (FBS; 
Hyclone, Logan, UT, USA) was used for cell cul-
ture. Human embryonic kidney (HEK) 293T 
cells (Cell Bank of the Chinese Academy of 
Sciences, Shanghai, China) were maintained in 
Dulbecco’s Modified Eagle Medium (DMEM; 
Gibco, Grand Island, NY, USA) with 10% FBS. 
Normally, Cells were maintained in an incubator 
filled with 95% air and 5% CO2 at 37°C. For 
hypoxia treatment, HBMEC were incubated in a 
hypoxic incubator filled with 94% N2, 5% CO2, 
and 1% O2 at 37°C. 

Cell transfection

The small interfering RNA (siRNA) targeting XIST 
(si-XIST) and negative control (si-NC) scramble 
siRNA was designed and constructed by 

RiboBio Co. (Guanghzou, China). Sequence: si-
XIST#1 (5’-TGTCTCTTTCTTTCTTGTCTTTGCT-3’), 
si-XIST#2 (5’-TCTCTTTCTTTCTTGTCTTTGCTCT- 
3’), si-NC (5’-TCTATCTAGTAAATTCTGCCGTCAT- 
3’). The miR-485-3p mimics, negative control 
mimics (miR-NC) and miR-485-3p inhibitors, 
inhibitors control were also purchased from 
RiboBio Co. For cell transfection, HBMEC were 
cultured in 96-well plates at a density of 5000 
cells per well and transfected with siRNAs (si-
XIST1, si-XIST2, si-NC), miR-485-3p mimics, 
miR-NC, miR-485-3p inhibitors and inhibitors 
control at final concentrations of 10 and 20 
nM, respective, together with 3 µL Lipofectamine 
2000 reagent (Invitrogen) in accordance with 
the manufacturer’s protocol. Overexpression  
of SOX7 were achieved by transfected  
with pcDNA3.1-SOX7 (pcDNA3.1 empty vector 
was acted as scramble control and named vec-
tor, obtained from GenePharma Company, 
Shanghai, China). The cells in each well were 
transfected with pcDNA3.1-SOX7 or empty vec-
tor with Lipofectamine 2000. After 48 h of 
transfection, the cells were collected and used 
for further analysis.

Cell viability

Cell viability was measured by CCK-8 assay 
(Sigma-Aldrich, St. Louis, MO, USA). In brief, 
approximately 5×103 cells were planted into a 
96-well plate. After transfection, the culture 
medium was replaced by 100 ul ECM contain-
ing 10 ul CCK8 solution. After incubated at 
37°C for 2 h, the absorbance at 570 nm was 
detected on a Microplate Reader (Bio-Rad, 
Hercules, CA, USA). All experiments were car-
ried out in triplicate.

Wound healing assay

When cells grew around 70~80% confluence in 
wells, scratch the bottom of the well with a 200 
µl pipette tip to create a linear region void of 
cells. After we removed the supernatant cells 
and washed with PBS, cells were treated with 
indicated treatment and the images of the 
denuded zone were recorded with the inverted 
microscope (Olympus, Japan) at 0 and 24 h, 
respectively. Data were representative of three 
individual experiments. 

Cell migration

Cell migration was analyzed using Transwell 
chambers (8 μm, BD Biosciences, Bedford, MA, 
USA). Cells from the different groups were plat-
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ed in the upper chambers at a density of 2×104/
well in serum-free medium. Next, 500 μL of 
ECM with 10% FBS was added to the lower 
chambers. After 24 h, the cells on the upper 
surface were softly removed. Migrated cells 
were fixed in 4% paraformaldehyde (Sigma), 
stained with 1% crystal violet (Sigma), and 
counted under an optical microscope (×100 
magnification). Cell counts are expressed as 
the mean number of cells from five random 
fields per filter.

Angiogenesis assay

For detection of angiogenic capacity, HBMEC 
were harvested and seeded in Matrigel-coated 
96-well plates (BD Biosciences) at a density of 
5×103/well and incubated in normal condition. 
After different treatment for 24 h, the cells were 
observed after another 4 h and tube formation 
was visualized and photographed with a phase 
contrast inverted microscope at 100× magnifi-
cation. Quantification of the length of closed 
structures was performed using Image J with 
the Angiogenesis Analyzer plugin16.

Real-time quantitative PCR

Total RNA was extracted from the HBMEC by 
using TRIzol regent (Invitrogen, Carlsbad, CA, 
USA) following the manufacturer’s protocol. The 
purity of the RNA was determined and the 
reverse transcription (PrimeScript™ RT reagent 
Kit) and real-time quantitative PCR (SYBR 
Premix Ex Taq II) were performed in accordance 
with the kit instructions (Takara Biotechnology 
Co., Ltd., China). The following primers were 
used: XIST F, 5’-CAGACGTGTGCTCTTC-3’ and R, 
5’-CGATCTGTAAGTCCACCA-3’; SOX7 F, 5’-GCC- 
ACCTACCACCCACTCCACT-3’ and R, 5’-GACGG- 
CTCCTCTGCCACTCAA-3’; β-actin F, 5’-GGCACC- 
ACACCTTCTACAAT-3’ and R, 5’-GTGGTGGTGAA- 
GCTGTAGCC-3’; U6 F, 5’-CTCGCTTCGGCAGCA- 
CA-3’ and R, 5’-AACGCTTCACGAATTTGCGT-3’. 
The relative amount was calculated using the 
2-ΔΔCt method as previously described [18].

Luciferase reporter assay

The XIST fragment containing putative miR-
485-3p binding site was cloned into a pmir- 
Glo vector (Promega, USA), namely XIST WT. 
Mutation of the putative miR-485-3p target 
sequences in the 3-UTR of XIST was generated 

with the site-directed gene mutagenesis kit 
(Takara), namely XIST-MUT. The two reporter 
plasmids, as well as empty vector plasmid were 
co-transfected with miR mimics or miR-NC into 
293T cells. For miR-485-3p and SOX7 interac-
tion, the putative and mutated miR-485-3p tar-
get binding sequence in SOX7 were synthesized 
and cells were co-transfected with WT or Mut 
SOX7 reporter gene plasmid or pmirGlo  
plasmids via Lipofectamine 2000. At 48 h  
post-transfection, cells were harvested, and 
the firefly luciferase activity was measured  
by a dual-luciferase reporter assay system 
(Promega) and normalized to with Renilla lucif-
erase activities.

Western blot

After the indicated treatment, HBMEC were col-
lected and lysed in RIPA Lysis and Extraction 
Buffer (Thermo Fisher Scientific, Waltham, MA, 
USA). Protein concentrations were evaluated by 
the BCA method (Micro BCA Protein Assay Kit, 
Thermo Fisher Scientific) and 50 μg of each 
sample were separated by SDS-PAGE on a 12% 
gel. Then the proteins were transferred to PVDF 
membranes (Millipore, MA, USA) and the mem-
branes were blocked with 5% skim milk. The 
blots were then incubated with the SOX7 
(ab220293), vascular endothelial growth factor 
(VEGFR2; ab2349), vascular endothelial growth 
factor A (VEGFA; ab1316), ERK (ab17942), 
p-ERK (ab50011), Akt (ab8805), p-Akt 
(ab38449) and β-actin (ab8226, all obtained 
from Abcam) overnight at 4°C. Subsequently, 
the membranes were probed with horseradish 
peroxidase-conjugated secondary antibodies 
at room temperature for 1 h. The bands were 
visualized with an enhanced chemilumines-
cence system (Pierce, Rockford, IL, USA) and 
protein intensity were normalized to β-actin.

Statistics

Values were expressed as the mean ± standard 
deviation for each group and statistical tests 
were carried out with GraphPad Prism 6.0 soft-
ware (San Diego, CA, USA). Student’s t-test was 
performed for comparisons between two 
groups, and one-way analysis of variance fol-
lowed by Tukey’s post hoc test was used among 
multiple groups. Statistically significant was 
considered P<0.05.
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Figure 1. LncRNA XIST silencing impairs hypoxia-induced angiogenesis in HBMEC. (A) Relative expression levels of 
XIST were measured in HBMEC under hypoxia stimulation for various time. (B) XIST expression levels in the HBMEC 
transfected with specific XIST siRNAs (si-XIST#1, and si-XIST#2) or siRNA negative control (si-NC) were detected 
by RT-qPCR assay. (C) Cell proliferation was detected in HBMEC transfected with si-NC or si-XIST under normal or 
hypoxia condition. (D) HBMEC were stimulated with hypoxia followed by transfection with si-XIST or si-NC, cells were 
then subjected to wound healing assay (E), transwell assay (F) and tube formation assay (G). *P<0.05, **P<0.01.

Results

Knockdown of XIST impairs hypoxia-induced 
angiogenesis in HBMEC

This study firstly found that the expression lev-
els of XIST were increased with hypoxia treat-
ment in a time-dependent manner (Figure 1A). 
To assess the effects of XIST in HBMEC, the 
XIST gene was knocked down using specific 
siRNAs and the expression of XIST was verified 
by RT-qPCR assay (Figure 1B). Si-XIST#2 was 
chosen for the subsequent experiments. CCK8 
analysis showed that knockdown of XIST under 
normal condition had no influence on cell prolif-
eration. Hypoxia treatment could promote cell 
proliferation of HBMEC, while knockdown of 
XIST under hypoxia condition could inhibit cell 
proliferation (Figure 1C). We then investigate 

the role of XIST on cell migration and angiogen-
esis under hypoxia stimulation. As expected, 
the results of showed that knockdown of XIST 
suppressed the HBMEC wound healing, tran-
swell migration and tube formation caused by 
hypoxia stimulation (Figure 1D-G). These re- 
sults suggested that knockdown of XIST sup-
pressed hypoxia-induced angiogenesis.

XIST regulates SOX7 expression by sponging 
miR-485-3p in HBMEC

To explore the potential mechanism of XIST on 
angiogenesis, we investigated whether miRNAs 
participate in this process. StarBase v3.0 was 
used for bioinformatics analysis. As illustrated 
in Figure 2A, XIST contains a potential binding 
site for miR-485-3p. We then determined the 
expression of miR-485-3p in hypoxia-induced 



XIST participate in hypoxia-induced angiogenesis

6491 Am J Transl Res 2019;11(10):6487-6497

Figure 2. LncRNA XIST regulates SOX7 expression by sponging miR-485-3p. A. The schematic diagram shows the sequences of XIST 3’-UTR wild-type (WT) and mu-
tant type (Mut), with miR-485-3p. B. Relative expression levels of miR-485-3p in HBMEC were determined by RT-qPCR under hypoxia stimulation for various time. C. 
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ings confirmed that inhibition of miR-485-3p 
lead to an increased cell proliferation of HBMEC 
under hypoxia condition and miR-485-3p inhi-
bition could partly reverse the inhibitory effects 
of XIST silencing on cell proliferation in hypoxia-
induced HBMEC (Figure 3A). Additionally, inhi-
bition of miR-485-3p partially restores the 
wound healing (Figure 3B and 3E), transwell 
migration (Figure 3C and 3E) and tube forma-
tion (Figure 3D and 3E) of HBMEC caused by 
XIST silencing under hypoxia condition. We then 
overexpressed of SOX7 by cell transfection to 
HBMEC with pcDNA3.1 plasmid carried SOX7 
and the transfection efficiency was confirmed 
by western blot analysis (Figure 3F). Subsequent 
results of CCK8 assay, transwell assay and 
tube formation assay showed that overexpres-
sion of SOX7 caused notable enhanced prolif-
erative ability of HBMEC under hypoxia condi-
tion and overexpression of SOX7 reversed the 
inhibitory effects of XIST silencing on cell prolif-
eration (Figure 3G), migration (Figure 3H and 
3J), and angiogenesis (Figure 3I and 3J) in 
hypoxia-induced HBMEC. These findings sug-
gested that XIST participates in hypoxia-
induced angiogenesis through miR-485-3p/
SOX7 pathway.

XIST regulates VEGF signaling pathway 
through miR-485-3p/SOX7 axis in hypoxia-
induced HBMEC

As the essential role of the VEGF signaling path-
way during the angiogenesis [20] and the 
potential regulatory effects of SOX7 on VEGF 
pathway [21], we hypothesized that XIST pro-
motes hypoxia-induced angiogenesis via the 
VEGF pathway. In addition, ERK and Akt path-
way is the key intracellular signal transduction 
pathway for the angiogenesis after activation of 
VEGF signaling pathway [22], we also investi-
gate the effects of XIST/miR-485-3p/SOX7 axis 
on the regulation of ERK and Akt pathway under 
hypoxia condition. As depicted in Figure 4A, 
hypoxia treatment for 24 h significantly upregu-
lated the expression of VEGFR2 and VEGF, and 

HBMEC and found miR-485-3p expression 
level was decreased with hypoxia stimulation in 
a time-dependent manner (Figure 2B). To deter-
mine the involvement of miR-485-3p in the role 
of XIST, upregulation and downregulation of 
miR-485-3p was achieved by transfected with 
miR-485-3p mimics and inhibitors, respectively 
(Figure 2C). Co-transfection with XIST-WT vec-
tor and miR-485-3p mimics reduced luciferase 
reporter activity when compared with the cells 
transfected with XIST-Mut (Figure 2D). In addi-
tion, XIST silencing significantly increased miR-
485-3p expression under hypoxic condition 
(Figure 2E). Because miRNAs are known to tar-
get specific genes to regulate angiogenesis 
[19], we predicted the candidate gene of miR-
485-3p using starBase v3.0 (Figure 2F). Our 
results showed that hypoxia stimulation caused 
significantly upregulation of SOX7 in a time-
dependent manner (Figure 2G). Luciferase 
reporter analysis then validated the interaction 
between miR-485-3p and SOX7 (Figure 2H). 
Moreover, the results of RT-qPCR revealed that 
the expression of SOX7 was at least partly 
repressed after the knockdown of XIST (Figure 
2I) or overexpression of miR-485-3p (Figure 2J) 
under hypoxia condition. Similarly, the results 
of western blot analysis showed that SOX7 pro-
tein levels was notably increased in HBMEC 
with hypoxia stimulation, while its level was 
decreased by knockdown of XIST. Inhibition of 
miR-485-3p partly reversed the inhibitory 
effects of XIST silencing on the expression of 
SOX7 proteins (Figure 2K). Taken together, XIST 
acts as an endogenous sponge by binding miR-
485-3p, thus abolishing miR-485-3p-induced 
repression of SOX7.

XIST exerts its role via modulation of miR-
485-3p/SOX7 axis in HBMEC under hypoxic 
condition

Based on the above findings that XIST regulates 
miR-485-3p/SOX7 axis, we then investigated 
whether the XIST affect the angiogenesis of 
HBMEC by regulation of miR-485-3p. Our find-

Upregulation or downregulation of miR-485-3p was achieved by transfection with miR-485-3p mimics or inhibitors 
in HBMEC and the efficiency were validated by RT-qPCR. D. Luciferase reporter assay revealed the luciferase activ-
ity of XIST and miR-485-3p. E. HBMEC was transfected with si-NC or si-XIST and the expression of miR-485-3p was 
measured. F. The schematic diagram shows the sequences of SOX7 3’-UTR WT and Mut, with miR-485-3p. G. Rela-
tive expression levels of SOX7 were determined in HBMEC under hypoxia stimulation for various time. H. Luciferase 
reporter assay revealed the luciferase activity of miR-485-3p and SOX7. I. Relative expression of SOX7 mRNA in HB-
MEC with or without XIST silencing. J. HBMEC was transfected with miR-485-3p mimics, or miRNA negative controls 
(miR-NC) and SOX7 mRNA expression were measured. K. SXO7 protein levels was detected in HBMEC transfected 
with si-XIST, miR-485-3p inhibitors with or without hypoxia stimulation. *P<0.05, **P<0.01.



XIST participate in hypoxia-induced angiogenesis

6493 Am J Transl Res 2019;11(10):6487-6497



XIST participate in hypoxia-induced angiogenesis

6494 Am J Transl Res 2019;11(10):6487-6497

Figure 3. XIST exerts its role in HBMEC via regulation of miR-485-3p/SOX7 pathway. (A) HBMEC were exposed to 
siRNA negative control (si-NC) or si-XIST and/or to miR-485-3p inhibitors for 48 h and then subjected to hypoxia for 
24 h, and then cell proliferation was measured using CCK8 kit. After the above indicated treatment, wound heal-
ing assay (B), transwell assay (C) and tube formation assay (D) were performed in HBMEC and the representative 
images were shown in (E). (F) HBMEC were exposed to control plasmid NC (vector) or SOX7 plasmid for 48 h, and 
Western blot analysis of the protein expression of SOX7 was qualified. (G) HBMEC were exposed to si-NC or si-XIST 
and/or to SOX7 plasmid for 48 h and then subjected to hypoxia for 24 h, and cell proliferation was determined by 
CCK8 kit. After the above indicated treatment, transwell assay (H) and tube formation assay (I) were performed in 
HBMEC and the representative images were shown in (J). *P<0.05, **P<0.01.

increased ERK1/2 and Akt phosphorylation. 
While silencing of XIST notably decreased the 
levels of VEGFR2 and VEGF, as well as ERK1/2 
and Akt phosphorylation in response to hypox-
ia, which were partly reversed by inhibition of 
miR-485-3p. As shown in Figure 4B, upregula-
tion of miR-485-3p decreased the protein 
expression of VEGFR2 and VEGFA, and inhibit-
ed ERK1/2 and Akt phosphorylation. However, 
overexpression of SOX7 could at least partly 
abolished this inhibitory effect of miR-485-3p 
on these factors. Collectively, our data demon-

strated that knockdown of XIST suppresses 
hypoxia-induced VEGF signaling pathway in 
HBMEC.

Discussion

The recovery from ischemic stroke largely reli- 
es on the appropriate restoration of blood flow 
via angiogenesis, which is a compensatory 
response to the reduction of oxygen [23, 24]. 
Angiogenesis is controlled by plenty of angio-
genic factors and promoting angiogenesis 

Figure 4. XIST regulates VEGF signaling in hypoxia-induced HBMEC. A. Western blots analysis showed the expression 
of VEGFR2 and VEGFA in HBMEC transfected with si-XIST and miR-485-3p inhibitors with or without hypoxia stimu-
lation. Phosphorylation levels of the indicated kinases ERK1/2 and Akt were also quantified by densitometry and 
normalized to total kinase expression in above groups. B. VEGFR2 and VEGFA protein levels and ERK1/2 and Akt 
phosphorylation levels were shown in HBMEC transfected with miR-485-3p mimics and SOX7 plasmid. *P<0.05, 
**P<0.01.
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through various approaches that target angio-
genic factors appears to be a useful treatment 
for experimental ischemic stroke [25]. In this 
study, we identified that lncRNA XIST levels in 
HBMEC increased with respect to hypoxia expo-
sure time and knockdown of XIST suppressed 
the hypoxia-induced angiogenesis by regulation 
of miR-485-3p/SOX7/VEGF signaling pathway. 
It was the first time that the regulatory mecha-
nism of XIST revealed in ischemic stroke and 
angiogenesis induced by hypoxia.

Convincing evidence suggests that XIST plays a 
vital role in the proliferation, migration, apopto-
sis and differentiation of human cells in a vari-
ety of cells [26, 27]. A recent study performed 
by Zhou et al found that XIST was upregulated 
in post-myocardial infarction myocardial cells 
and knockdown of XIST protected cell from 
myocardial infarction-induced cell death [28]. 
As well, Cheng et al. demonstrated that XIST 
silencing significantly inhibited glioma tumori-
genicity and angiogenesis by targeting miR-429 
[29]. More importantly, a recent study found 
that perfluorooctane sulfonate impaired nor-
mal placental angiogenesis by disrupting the 
lncRNA XIST-miR-429-VEGF-A pathway, induc-
ing adverse fetal development [30]. Therefore, 
we hypothesized that XIST may also involve in 
hypoxia-induced angiogenesis. We found that 
XIST was significantly increased in hypoxia-
induced HBMEC. Because endothelial cell pro-
liferation and migration are both key steps 
involved in the angiogenic process [31], we 
investigated the effects of exogenous regula-
tion of XIST on cell proliferative, migrative, as 
well as angiogenic capacity. With the finding 
that knockdown of XIST effectively suppressed 
cell proliferation, migration and angiogenesis 
under hypoxia condition, we suggested that 

XIST participated hypoxia-induced angiogene- 
sis.

However, the potential mechanism by which 
XIST exerted its role remains to be elucidated. 
Considering that plenty of studies have identi-
fied that lncRNAs can serve as a competing 
endogenous RNA to modulate the expression 
of miRNAs [32], we performed molecular exper-
iments and bioinformatics analysis to further 
reveal the mechanisms underlying the action of 
XIST. A previous study showed that XIST could 
inhibit gastric carcinoma progression and 
metastasis by modulating the miR-101/EZH2 
pathway [33]. Similarly, XIST integrated with 
miR-449 to regulate PTEN/PI3K/Akt signaling 
pathway to induce cell apoptosis in the patho-
genesis of spinal cord injury [34]. Accordingly, 
our data demonstrated that XIST could bind 
3’UTR of miR-485-3p to regulate SOX7 expres-
sion in HBMEC. Subsequently, we confirmed 
that inhibition of miR-485-3p or overexpression 
of SOX7 abolished the effects of XIST silencing 
on angiogenesis.

MiR-485-5p is identified as a tumor suppressor 
in various cancers, which is involved in multiple 
biological and pathological processes of can-
cers [35-37]. However, this is the first time 
showed miR-485-3p in involved in angiogene-
sis in hypoxia-induced endothelial cells. MiR-
485-3p was found to target SOX7 to participate 
angiogenesis in our study. SOX7 is specifically 
expressed in the vascular endothelium and 
plays a critical role in vascular development 
[38]. SOX7 has a role in inducing and organizing 
the underlying vasculature development 
through producing vascular endothelial growth 
factor (VEGF) [39]. Our results also found that 
SOX7 overexpression could active VEGF signal-

Figure 5. The function of lncRNA XIST in hypoxia-induced angiogenesis.
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ing pathway, with the activation of ERK1/2 
(necessary for tube formation) [40] and Akt 
(known to regulate cellular events required for 
new blood vessels formation) signaling. In addi-
tion, Kim even identified that SOX7 is an indis-
pensable player in developmental angiogenesis 
by acting as positive feedback regulators of 
VEGF signaling [21]. Here, we showed XIST 
could regulate VEGF signaling, and other fac-
tors through regulation of miR-485-3p/SOX7 
axis, thus to participate hypoxia-stimulated 
angiogenesis.

In summary, we firstly showed the participation 
of XIST in hypoxia-induced angiogenesis 
through regulation of SOX7 expression by 
sponging miR-485-3p (Figure 5). The data of 
this study would bring insight into XIST roles in 
angiogenesis and a further potential target for 
ischemic stroke.
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