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Abstract

The high rates of misdiagnosis and untreated mortality with regard to Budd-Chiari
syndrome (BCS) indicated the need to screen effective biomarkers. The aim of this
study was to explore the function of extracellular vesicles (EVs) in patients with BCS as
well as associated mechanisms. First, differentially expressed long non-coding RNAs
(IncRNAs) from EVs separated from serum between BCS and healthy controls were
screened using microarray analysis. Second, the proliferation, migration and tube for-
mation of human vascular endothelial cells (HUVECs) were detected after EVs treat-
ment, along with vascular endothelial growth factor (VEGF) levels and inflammatory
factors from the cell supernatant. Last, the overexpressed IncRNA was transfected
into the cells to further explore the mechanisms involved. Extracellular vesicles of
BCS patients have significantly higher levels of IncRNA MTUS2-5 than healthy con-
trols. Apparently, treatment with EVs from BCS or the ones transfected with plasmids
that overexpress IncRNA MTUS2-5 enhances proliferation, migration and angiogen-
esis capacity. The results were considerably better than those obtained from treat-
ment with EVs from healthy controls or transfection with the normal control plasmid,
which also elevated the level of VEGF and inflammatory factors. Furthermore, FOS
and PTGS2 were potentially regulated by the IncRNA MTUS2-5 transmitted by EVs.
The IncRNA MTUS2-5 in EVs plays an important role in angiogenesis in the Budd-

Chiari syndrome.
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1 | INTRODUCTION

Budd-Chiari syndrome (BCS) is mainly caused by obstruction of the
hepatic vein outflow tract and inferior vena cava.l Although this
condition is an uncommon hepatic vascular disease, its prevalence
is affected by regional disparity. Budd-Chiari syndrome has higher
incidence rates in Asian than in western countries. Data presenta-
tion in China shows that there are 6.8-12 cases of BCS per 100,000
people in the middle and lower reaches of the Yellow River and Huai
River.? In addition, BCS was largely underdiagnosed, resulting in de-
layed treatment. One of the important points to note is that BCS
is associated with high mortality. When untreated, 70% of BCS pa-
tients die within a year and 90% within 3years.® This suggests that
early and accurate diagnosis is vital to BCS patients.

As a multifactorial disease, the aetiology and molecular mech-
anism of BCS are not fully understood. Thrombosis with increased
blood viscosity is considered to be the most common pathophys-
iological mechanism.* Aberrant expression of vascular endothelial
growth factor (VEGF) and relative cytokines was reported in the
serum of patients with membranous obstruction of the inferior vena
cava (MOVC), which is the main type of BCS in China.>® Therefore,
the formation of the inferior vena cava diaphragm probably starts
from proliferation and angiogenesis of vascular endothelial cells.
However, the details of the regulated process by VEGF after endo-
thelial injury are unknown.

Long non-coding RNAs (IncRNAs) were defined as a class of
ncRNAs with more than 200 nucleotides. It has been reported that
IncRNAs play roles that are relevant in multiple cellular processes
such as cell cycle progression, migration, inflammation and neovas-
cular diseases.””? Long non-coding RNAs can regulate inflammatory
responses and signals that are involved in promoting or inhibiting
adhesion molecule expression and secretion of inflammatory cyto-
kines. Previous studies reported that IncRNA H19 participates in the
process of vascular endothelial cells (VECs) injury that is induced by
oxidized low-density lipoprotein (ox-LDL).° Furthermore, IncRNA
SENCR binds to cytoskeleton-associated protein 4 to stabilize the
adhesive connections between VECs. Knockout SENCR contributes
to the damage of these connections, in addition to endovascular in-
tegrity, thereby promoting the permeability of VECs.M!

Extracellular vesicles are membranous vesicles that contain
various biomolecules, which include IncRNAs involved in cellular
communication.'? It is important to note that extracellular ves-
icles (EVs) can be secreted by nearly all types of cells, and they
exist in all body fluids such as plasma.’® The crosstalk between
EVs and inflammasomes has been demonstrated, of which the ac-
tivation of the latter regulates the release of EVs.* Extracellular
vesicles contain RNA and protein cargo and are a promising bio-
markers in plasma.’® Therefore, we speculate that IncRNAs in EVs
may be involved in the pathogenesis of BCS. However, isolation
of high-purity EVs is difficult since much more free proteins and
lipoproteins were existed in plasma, mainly lipoproteins that have a

diameter similar with EVs.* Lipoproteins such as ApoA1 and ApoB

participate in cholesterol and lipid transport, which play important
role in angiocardiopathy. Hence, here we have to consider the role
of apolipoproteins except EVs.

In the present study, we screened the targeted IncRNA in EVs
and evaluated whether BCS-EVs-derived IncRNA could promote an-
giogenesis of human vascular endothelial cells. We also preliminarily
explored the mechanism by which IncRNA regulates endothelial
cells. We speculate that our findings may aid in providing a novel
biomarker for diagnosing BCS, as well as in developing new strate-

gies for the treatment of BCS.

2 | MATERIALS AND METHODS
2.1 | Patients

Budd-Chiari syndrome patients in the First Affiliated Hospital of
Bengbu Medical College (China) from April 2020 to August 2021
were included in this study. The inclusion criteria included BCS pa-
tients diagnosed by CT or inferior vena cava venography and all pa-
tients who lived in northern Anhui province, China. On the other
hand, patients with the following features were excluded from this
study®: The inferior vena cava is unobstructed by iconographyQ;
drug therapy was done before surgery or sample collection®; BCS
was induced by organization oppression or trauma®; and presence of
malignant tumours. The healthy volunteers, without genetic disease,
diabetes, angiocardiopathy and tumours, were also included in the
physical examination centre in our hospital. All patients and healthy
controls who participated in this study were informed and signed
the consent form. The Ethics Committee of Bengbu Medical College
approved the study protocols.

2.2 | Isolation and identification of
extracellular vesicles

Extracellular vesicles were isolated from the serum of patients
with BCS as well as from the healthy controls. First, raw serum
was centrifuged at 3000g for 10min at 4°C to remove cell de-
bris. Second, the supernatant that was obtained after centrifu-
gation was transferred to a new centrifuge tube and centrifuged
at 10,0008 for 10 min at 4°C to further remove impurities. Then,
the supernatant was mixed with Blood PureExo Solution (BPS)
on an oscillator for a minute. The mixed liquor was centrifuged at
10,0008 for 60 min at 4°C and, the sediments were collected. The
sediments were resuspended in 1xPBS and further centrifuged
at 12,0008 for 2min prior to collecting the supernatant. Last, the
supernatant was transferred into the upper chamber of exosome
purification filter (EPF) and centrifuged at 3000g for 10 min. The
purified EVs were collected from the base of EPF. To determine
the purity compared to the total serum of these EVs, transmission

electron microscopy (TEM) and Western blot (WB) analyses were
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performed. In brief, EVs were immobilized in 2.5% glutaraldehyde
solution for 2 h. Next, 10 uL of the mixed solution was transferred
to the copper net. Images were then acquired by TEM (JEM1230,
JEOL) after dyeing with 2% phosphotungstic acid solution. For
WB analyses, the total serum and isolated EVs were treated with
the RIPA lysis buffer to harvest the protein supernatant. The pro-
teins were combined and mixed with 5xSDS before the mixture
was placed in boiling water for 5min and centrifuged at 12,000r/
min for another 5min. The protein samples were resolved using
10% sodium dodecyl sulphate-polyacrylamide gel electrophoresis
(SDS-PAGE), after which the gel was cut according to the marker
control. The first antibodies (ALIX, ab275377; TGS101, ab125011;
ApoB, ab139401; ApoA1, ab151710) were incubated after PVDF
transfer membrane and TBST blocking. After incubation with
the secondary antibodies (Affinity; Beyotime), protein bands
were visualized using the integrated chemiluminescence imager
(ChemiScope 5300 Pro).

2.3 | Microarray analysis of extracellular vesicles

Total RNA was isolated from EVs using the Trizol reagent
(Invitrogen). NanoDrop ND-2000 (Thermo Scientific) was used for
quantifying the total RNA, while RNA integrity was detected by
the Agilent Bioanalyzer 2100 (Agilent Technologies). The RNA was
purified using the QIAGEN RNeasy Kit. The AffinityScript-RT kit
and Promoter Primer/Anti-sense Promoter were used to inversely
transcript the RNA to cDNA for library preparation. The microarray
assay and analysis of the sequencing data were performed as previ-
ously described.!”

2.4 | Quantitative real-time PCR (qPCR)

Total RNA was isolated using the Trizol reagent (Invitrogen), and the
first strand cDNAs were synthesized using Reverse transcription kit
(K1622, Thermo) according to the manufacturer's instructions. gRT-
PCR analysis was carried out using SYBRGreen PCR kit (F-415XL,
Thermo) on the 7500 Real-Time PCR System (Applied Biosystems).
The primers were designed using the Primer Premier 5.0 software
and synthesized from Sangon Biotech (ShangHai). The sequences
were as follows:

TMEM254-F: 5-GAGTCCTTGTATGCCATAGTA-3',
TMEM254-R: 5- AAGCAATCAAGATGGTGAGA-3/,
MTUS2-5-F: 5-GTGGTTCCTTCCTCCTCT-3/,
MTUS2-5-R: 5-GCGGCTGAATCCTTAATATC-3".
XAGE1A-3-F: 5-GAGCCTCAACAAGAAGAAC-3..
XAGE1A-3-R: 5'- GCCAACTCCACATTCATC-3,,
FAM135B-4-F: 5- ATGAGGTGGACAGAAGGTT-3,
FAM135B-4-R: 5- CTCTCCTGCTTTGCCCTA-3/,
GAPDH-F: 5-GGAGCGAGATCCCTCCAAAAT-3/,
GAPDH-R: 5-GGCTGTTGTCATACTTCTCATGG-3".

The fold change on expression was calculated by the ANt
method.

2.5 | Cell culture and treatment

The human umbilical vein endothelial cell (HUVEC) was purchased
by the China Type Culture Collection (CTCC) and cultured in Roswell
Park Memorial Institute 1640 medium (Hyclone) with 10% foetal
bovine serum (Lonsera) and 1% penicillin/streptomycin. Cells were
incubated in the thermostatic incubator under conditions of 5%
CO, and 37°C. Human umbilical vein endothelial cell cells were co-
cultured with EVs (100pg/mL) from BCS patients and the healthy

control for 48h, respectively.

2.6 | Extracellular vesicles labelling and uptake

To track the uptake of EVs by HUVECs, the former were labelled
using PKH26 red fluorescent dye (UR52302, Umibio), while Hoechst
(C1022, Beyotime) was used to label nuclei. The HUVECs were cul-
tured in 48-well plates at 1x 10° cells/mL for 24 h. The PKH-26 label-
ling EVs were added into the HUVECs at a concentration of 100 pg/
mL. Human umbilical vein endothelial cells were then placed into
the incubator, and a fluorescence microscope (IX73, OLYMPUS) was
used to capture images at 2-, 4-, 8- and 24-h observation points,

respectively.

2.7 | Cell transfection

For mechanism studies, the HUVEC cells were transfected with over-
expressing INcRNA MTUS2-5 and the empty vector control (Sangon
Biotech) using Lipofectamine 2000 (Beyotime Biotechnology), fol-
lowing the manufacturer's instructions.

2.8 | RNA sequencing

Total RNA was isolated from the HUVECs, and it was reverse tran-
scribed into cDNA to establish the PCR library. The size and con-
centration of the library were detected using the Agilent 2100
Bioanalyzer and fluorescent quantitation. RNA sequencing was per-
formed by the lllumina HiSeq platform according to the instructions

from the manufacturer.

2.9 | Enzyme-linked immunosorbent assay

The supernatant from the HUVECs was centrifuged (3000 rpm/min,
20min), and the cell-free supernatant was collected into centrifuge
tubes. The enzyme-linked immunosorbent assay (ELISA) technique
(Ybio) was used to detect the levels of the vascular inflammatory
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factor. The standard curve of each factor was applied to calculate
the concentrations of the analytes. The microplate reader (MK3,

Thermo) was employed in measuring absorbance at 450 nm.

2.10 | Western blotting

The total RNA was isolated from HUVECs using the RIPA lysate, and
quantification was done using the BCA kit (Biosharp). The primary
antibody p65/p-p65 (ab32536/ab76302, abcam) with the house-
keeping antibody mouse-derived GAPDH (ab8245, abcam) was used
to detect the levels of inflammatory proteins. The procedure was

performed according to the afore-mentioned methods.

2.11 | Detection of cell proliferation

Cell proliferation was assessed using a Cell Counting Kit-8 (CCKS8,
Beyotime Biotechnology) kit, based on the manufacturer's instruc-
tions. In brief, cells were seeded in 96-well plates at a density of
2x10°cells per well before they were cultured in an incubator for
24 h. After treatment with EVs or IncRNA MTUS2-5 transfection for
48h, 20 uL CCK8 was added, and cells were further cultured for 3h.

Con-EVs
(C) (D)

Hoechst

&

%
& & 5
ApoAl | weme 515 kDa
ApoB | (g " | 60 kDa

Merge

The optical density (OD) at 450nm was measured using the micro-
plate reader (MK3, Thermo).

2.12 | Cell migration assay

The scratch test was used to assess cell migration. Human vascu-
lar endothelial cells were seeded in six-well plates at a density of
2x10° cells per well and were cultured overnight. After treatment
with EVs or plasmid transfection for 48h, 5x 10° cells were obtained
and cultured in a 3.5-cm dish overnight. This followed after cell dis-
sociation using 0.25% trypsin. A scratch was made using a sterile
200-pL pipette tip in the centre of the cell dishes when the density
reached 90%. After washing with PBS three times, cells were cul-
tured for 24h. We observed the photographs at O and 24 h using
the OLYMPUS microscope (IX71). The ImageJ software was used to
quantify the migration distance.

2.13 | Tube forming test

Pre-cooled nine matrigel was added to the 24-well plates at a volume
of 250 L followed by further incubation at 37°C for 30 min to form a

(B)
k) A
<;0“'<Q %Cg@
ALIX | s s | 96kDa
TGS101 | s 44kDa

FIGURE 1 The identification and labelling of extracellular vesicles (EVs). (A) The morphology of EVs observed by the transmission
electron microscope; (B) the marked proteins of EVs detected by Western blot analysis; (C) the ApoA1 and ApoB were detected by Western
blot analysis; (D) the labelling EVs and those uptaken by human vascular endothelial cells were detected by immunofluorescence.
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soil gel. Human vascular endothelial cells were seeded in the 24-well
plates with matrigel at a density of 5x 10*cells per well, and further
culturing was done in complete medium (RPMI 1640 containing 10%
FBS and 1% penicillin-streptomycin) for 8h. Tubule formation was
observed using the OLYMPUS (IX71) microscope. Further analysis
was done by measuring branch length and counting tubule numbers

using the ImageJ software.

2.14 | Statistical analysis

SPSS 26.0 version and GraphPad Prism 8 were used to analysis
the data. All data were presented as mean +standard deviation
(SD) and showing as dot plots. Student's t-test was performed
to compare the statistical difference between two groups, while
one-way analysis of variance (aNova) was used for compassion be-
tween multiple groups. p<0.05 was considered as a statistically
significant difference.

HUVEC+Con-EVs

(A

HUVEC+BCS-EVs

(8)

Wi LEYJ—5

3 | RESULTS
3.1 | Isolation and identification of serum
extracellular vesicles

Extracellular vesicles were isolated from the serum of BCS pa-
tients (BCS-EVs) and healthy volunteers (Con-EVs). The morphol-
ogy of EVs was observed using the TEM where EVs exhibited
cystic spherical shape (Figure 1A). The marked proteins of EVs
(ALIX and TGS101) were identified by WB, and the results showed
that all the two markers were detected in EVs (Figure 1B). These
results suggested that the isolated microvesicles from the serum
of BCS patients and healthy controls were EVs. Furthermore, pro-
tein expressions of ApoB and ApoA1l were detected in EVs and
the total serum to determine the purity of the EVs. The results
revealed that both the total serum and EVs had expressions of the
proteins, although the level in EVs was much lower than that in the
total serum (Figure 1C).
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FIGURE 2 The regulated function of extracellular vesicles (EVs) that were derived from Budd-Chiari syndrome (BCS) patients. The
regulated function of proliferation (A), angiopoiesis (B), migration (C) and inflammatory cytokines levels (D) by BCS-EVs on human vascular
endothelial cells. **p <0.01 indicated a significant difference between the two groups.
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3.2 | The effect of BCS-EVs on human vascular
endothelial cells

To determine the effects of BSC-EVs on HUVECs, the fusion be-
tween the PKH26 labelling EVs and HUVECs was initially observed.
As shown in Figure 1D, HUVECs gradually engulfed the EVs in a
time-dependent manner. In addition, many EVs entered HUVECs
and accumulated around the nucleus after 24h of co-cultivation.
Moreover, CCK8, Transwell assays, and tube formation were per-
formed in HUVECs. The results showed that BCS-EVs significantly
increased the proliferative capability of HUVECs, compared with
Con-EVs (Figure 2A). Meanwhile, BSC-EVs increased the number of
vascular branches in HUVECs relative to Con-EVs, and this indicated
a pro-angiogenetic role of BSC-EVs (Figure 2B). Moreover, the migra-
tion ability of HUVECs was significantly improved after treatment
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with BSC-EVs compared to Con-EVs treatment (Figure 2C). In ad-
dition, the VEGF and inflammatory factors from the supernatant of
HUVECs were detected using the ELISA kit. Observations showed
that the levels of VEGF, TNF-a, IL-2 and IFN-y were significantly
higher when treatments were done with BCS-EVs compared to Con-
EVs (Figure 2D). All suggest that EVs from the serum of patients with
BCS could promote the angiogenesis of HUVECs.

3.3 | The regulated mechanism of Inc MTUS2-5 on
human vascular endothelial cells

To investigate the potential IncRNA that may regulate the role of
EVs on HUVEC angiogenesis, a microarray analysis was performed
to detect the IncRNAs profile of EVs between BCS patients and
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FIGURE 3 Microarray analysis showing the differentially expressed IncRNA between extracellular vesicles from the healthy control and
Budd-Chiari syndrome patients. The differentially expressed IncRNAs were shown by a histogram (A) and volcano plot (B). The GO (C) and

KEGG (D) enrichment analyses were presented as scatter diagrams.
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healthy controls. A total of 371 differentially expressed IncRNAs
were obtained, with 125 upregulated and 246 downregulated ones
(Figure 3A,B). Moreover, the GO and KEGG enrichment analyses
were performed to explore the function and pathways of the differ-
entially expressed IncRNAs (Figure 3C,D). Four were selected from
these highly expressed IncRNAs for further analysis, according to
the p value, and these were Inc-XAGE1A, MTUS2-5, TMEM254 and
FAM135B-4. The results from gPCR showed that IncRNA XAGE1A,
MTUS2-5 and TMEM254 were highly expressed to a significant ex-
tent in EVs from the serum of BCS patients compared to the healthy
controls, with MTUS2-5 being the most frequently expressed. No sta-
tistical significance was noted in IncRNA FAM135B-4 (Figure 4A-D).
Hence, IncRNA MTUS2-5 was included as the targeted molecule
that might play an important role in the regulation of BCS.

To further determine whether the IncRNA MTUS2-5 from
BSC-EVs had a positive role on HUVECs, its level was detected
after treatment with BSC-EVs. The results showed that IncRNA
MTUS2-5 was highly expressed in HUVECs that were treated with
BCS-EVs than with Con-EVs (Figure 5A). The overexpressing In-
cRNA MTUS2-5 or NC plasmid was then transfected into HUVECs.
The gqPCR assay verified the high expression of MTUS2-5 in the
OE-group compared to NC-group (Figure 5A). Phenotype assays
revealed that overexpression of MTUS2-5 significantly promoted
cell proliferation and tube formation in HUVECs, in addition to
enhancing cell migration (Figure 5B-D). On the other hand, the
results from the ELISA assay showed that the levels of VEGF,
TNF-a, IL-2 and IFN-y were significantly higher in the superna-
tant of HUVECs with OE-MUST2-5 transfection compared to
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FIGURE 5 The regulated function of overexpressing Inc-MTUS2-5 on human vascular endothelial cells (HUVECSs). The verification

of treatment by BCS-EVs and overexpressing Inc-MTUS2-5 in HUVECs (A). The regulated function of proliferation (B), angiopoiesis (C),
migration (D) and inflammatory cytokines (E) by transfected normal and overexpressing Inc-MTUS2 on HUVECs. The change of p-P65/P65
in HUVECs was detected using the Western blot analysis after treatment with extracellular vesicles (EVs) from healthy controls and Budd-
Chiari syndrome (BCS) patients or transfecting with normal and overexpressing Inc-MTUS2 (F). **p <0.01 indicated a significant difference

between the two groups.

NC-transfected cells (Figure 5E). To further study the inflamma-
tory reaction induced by IncRNA MTUS2-5 on HUVECs, a change
of the NF-kB pathway was detected after the cells were treated
with BCS-EVs or OE-MUST2-5. We found that p-P65 was highly
expressed to a significant extent in HUVECs that were treated
with BSC-EVs or OE-MUST2-5 transfection, than in cells that were
subjected to Con-EVs or OE-NC transfection (Figure 5F). This sug-
gests that NF-kB signalling can be activated by IncRNA MTUS2-5
in HUVECs.

To further explore the regulated mechanism of BCS-EVs on
HUVECs, RNA sequencing was performed to predict the po-
tential target genes and signals. Based on the results revealed, a
total of 82 differentially expressed genes (DEGs) were obtained
(48 upregulated and 34 downregulated genes) between BCS-EVs

and Con-EVs-treated HUVECs (Figure 6A,B), with the criterion of
p<0.05 and |log2FoldChange|>1. Moreover, GO and KEGG en-
richment analyses were performed to analyse the relative functions
and pathways of these differentially expressed genes. The results
suggested that the DEGs were mainly enriched in cellular response
to stimulus function, fluid shear stress and atherosclerosis and li-
polysis adipocytes pathways (Figure 6C,D). We further demon-
strated gene expression in these pathways. When compared to the
HUVECs that were treated with Con-EVs or the OE-NC-transfected
cells, FOS and PTGS2 genes showed significantly lower and higher
expression in BCS-EVs or OE-MTUS2-5 transfected HUVECs, re-
spectively (Figure 7). Overall, the results from this study revealed
several molecular mechanisms that are regulated by EVs or IncRNA
MTUS2-5 on the HUVECs in patients with BCS.
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FIGURE 6 The potential genes and signals in human vascular endothelial cells (HUVECs) regulated by BCS-EVs were analysed using RNA-
sequencing technology. The differentially expressed mRNAs between HUVECs treated by extracellular vesicles (EVs) derived from healthy
controls, and Budd-Chiari syndrome (BCS) patients were shown by histogram (A) and volcano plot (B). The GO (C) and KEGG (D) enrichment

analyses were presented in the form of scatter diagrams.

4 | DISCUSSION

In the present study, we first demonstrated that the EVs separated
from patients with BCS could promote the proliferation, migration
and tube formation of HUVECs in vitro. We also highlighted that the
EVs increase the levels of VEGF and inflammatory factors in the su-
pernatant of HUVECs. This indicated that the BCS-EVs have an im-
portant role in the regulation of HUVECs. Furthermore, we obtained
the differentially expressed IncRNAs profile in EVs from the serum
of patients with BCS compared to the healthy controls using the
microarray technology. Moreover, IncRNA MTUS2-5 was screened
as a targeted molecule that promotes the proliferation, migration
and tube formation of HUVECs. In addition, overexpressing INcRNA
MTUS2-5 also increased the level of VEGF and inflammatory factors

in the supernatant of HUVECs, a result that suggests that IncRNA
MTUS2-5 has an important function in regulating HUVECs. Using
RNA-sequencing technology, we further discovered the differen-
tially expressed genes that are regulated by BCS-EVs. Combined
enrichment analysis, FOS and PTGS2 were selected as the targeted
genes of MTUS2-5 in HUVEC. This also indicated that atherosclero-
sis and lipolysis adipocytes pathways were involved in the regulation
of HUVECs.

Budd-Chiari syndrome is a complex condition that involves mul-
tiple factors, and its pathogenesis and epidemiology exhibit marked
differences between distinct regions.18 In Western countries,
thrombogenesis is the most common aetiology. However, MOVC
is the most prevalent among all types of BCS in China.”? Reports
show that the surface of the inferior vena cava septum covered with
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FIGURE 7 The targeted genes regulated by extracellular vesicles derived from Budd-Chiari syndrome patients or overexpressing Inc-
MTUS2-5 in human vascular endothelial cells were verified by gPCR. **p <0.01 indicated a significant difference between the two groups.

endothelial cells, and vascular endothelial tissues are the main ingre-
dients on the surface of the membrane.?° Therefore, the abnormal
proliferation and angiogenesis of HUVECs are the key factors in-
volved in membranous formation. Our study demonstrated that EVs
from the serum of BCS patients could transmit IncRNA MTUS2-5
to regulate the proliferation and angiogenesis of HUVECs, thereby
causing the obstruction of the inferior vena cava. IncRNA MTUS2-5
in EVs may be a promising diagnostic marker in BCS.

To the best of our knowledge, there are no reports of the involve-
ment of EVs in BCS in previous studies. Extracellular vesicles partic-
ipate in multiple physiological and pathological processes, such as
tissue repair and regulation of infection.?! It has been reported that
EVs can initiate and promote angiogenesis by targeting endothelial
cells or by interaction with immune cells.?? Extracellular vesicles
that are derived from tumour cells or serum of tumour patients can
be absorbed by normal endothelial cells, thereby resulting in angio-
genesis.?® On the other hand, Hui Xu's?* study found that EVs that
derived miRNA from epithelial cells were involved in regulating the
epithelium and fibroblast. These studies indicated that EVs play an
important role in the regulation of angiogenesis in several patholog-
ical processes. However, the function of these EVs on angiogenesis
might partly be attributed to the presence of apolipoproteins since
lipoproteins participate in several known pro-angiogenic effects.?®
Our study showed that EVs along with apolipoproteins from the
serum of patients with BCS lead to the angiogenesis of HUVECs,
thereby providing a new mechanism and diagnostic marker for BCS.

However, the source of the EVs in the regulation of angiogenesis in
BCS was unknown. Ribeiro-Rodrigues, T. M.'s?® reports found that
EVs that are secreted by myocardial cells under ischemia induce an-
giogenesis. We speculate that the EVs with high levels of IncRNA
MTUS2-5 were possibly secreted by the damaged endothelial cells
or smooth muscle cells and further absorbed by HUVECs to promote
angiogenesis in the vena cava.

Although IncRNAs were involved in multiple pathological pro-
cess, which include the physiological function and injury of vascu-
lar endothelial cells through IncRNA-protein interaction or ceRNA
(competitive endogenous RNA) mechanism.*?7-3° However, if and
how IncRNAs regulate the endothelial cells under BCS were not
clear. We demonstrated a series of IncRNAs that were abnormally
expressed in EVs from patients with BCS. We also showed the reg-
ulated function of INcRNA MTUS2-5 on HUVECs in vitro. Previous
reports demonstrated that elevated VEGF levels existed in the blood
of patients whose inferior vena cava is obstructed.®* Vascular en-
dothelial growth factor can modulate the proliferation and angio-
genesis of vascular endothelial cells and significantly correlate with
thrombogenesis.®? A study by Mengdie Xu's® team found that VEGF
is a target for the regulation of HUVECs. The results from our study
present the high secretion of VEGF from HUVECs when treated with
overexpressing INcRNA MTUS2-5 transfection or EVs from BCS pa-
tients, which is consistent with these previous studies. The findings
also suggested that VEGF is a potential molecular target of IncRNA
MTUS2-5 in the process of angiogenesis under BCS.
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Some limitations existed during the course of this study. First,
we did not verify that the EVs carrying IncRNA MTUS2-5 were de-
rived from the damaged vascular endothelial cells in BCS. Second,
the details of the mechanisms that MTUS2-5-regulated angiogenesis
of HUVECs need to be further studied. Overall, this study provides
a potential EVs diagnostic marker and its preliminary mechanism in
the regulation of BCS.
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