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Objective. Endothelial cell inflammation is a common pathophysiological process in many cardiovascular and cerebrovascular
diseases. Small RNA is a kind of short nonprotein coding RNA molecule. Changes in the small RNA expression in endothelial
cells have been linked to the development of cardiovascular and cerebrovascular diseases. We investigated and verified
differentially expressed small RNAs in endothelial cells in response to inflammatory stimulation. Methods. Primary rat
endothelial cells were obtained from Sprague-Dawley rats and treated with 10 ng/ml TNF-α for 24 hours. Small RNA
sequencing was used to generate extensive small RNA data. Significantly differentially expressed small RNAs identified in the
analysis were further confirmed by quantitative reverse transcription polymerase chain reaction (qRT-PCR). Then, we
investigated the tissue-specific small RNA expression after RNA extraction from different tissues. Results. Small RNA
sequencing demonstrated that 17 miRNAs, 1 piRNA, 10 snoRNAs, and 7 snRNAs were significantly differentially expressed.
qRT-PCR identified 3 miRNAs, 2 snoRNAs, and 2 snRNAs with significantly different expression. Analysis of the tissue-specific
expression showed that rno-miR-126a-5p was predominantly expressed in the lung, rno-miR-146a-5p in the intestines, and
rno-novel-178 in the heart. Rno-piR-017330 was mainly expressed in the muscle. snoR-8966.1 was predominantly
expressed in the bone. snoR-6253.1 was mostly expressed in the vessels and bone. snR-29469.1 was mainly expressed in
the bone, and snR-85806.1 was predominantly expressed in the vessels and bone. Conclusions. We report for the first time
the expression of small RNAs in endothelial cells under inflammatory conditions. TNF-α can regulate the expression of
small RNAs in endothelial cells, and their expression is tissue-specific.

1. Introduction

Small RNAs are key regulators of biological activities and
play an important role in the regulation of the gene expres-
sion, biological ontogenesis, metabolism, and the occurrence
of diseases and other physiological processes. Generally,
small RNAs include microRNAs (miRNAs), small noncod-
ing RNAs (ncRNAs), small interfering RNAs (siRNAs), small
nucleolar RNAs (snoRNAs), P-element-induced wimpy tes-

tis- (PIWI-) interacting RNAs (piRNAs), and repeat-
associated siRNAs (rasiRNAs). Small RNAs regulate the
growth and development of organisms and the occurrence
of disease through a variety of pathways, including mRNA
degradation, translational inhibition, heterochromatin for-
mation, and DNA removal.

Endothelial cell inflammation is a common process that
is closely related to the pathophysiological mechanisms of
the cardiovascular and cerebrovascular systems. Although
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several specific changes in miRNAs and other small RNAs in
inflamed endothelial cells have been elucidated, a compre-
hensive analysis of small RNA changes has not been
performed.

In this study, primary rat endothelial cells were isolated
and subjected to inflammatory stimuli. To gain insights into
small RNA changes in endothelial cells in response to inflam-
mation, we used small RNA sequencing (small RNA-seq) to
generate extensive small RNA data, along with RNA-seq
data. We identified differentially expressed small RNAs and
performed tissue-specific analysis. These findings might
provide novel insight into disease pathogenesis and early
diagnosis.

2. Materials and Methods

2.1. Endothelial Cell Isolation and Culture. The animal proto-
col was approved by the Institutional Animal Care and Use
Committee (IACUC), and the experimental protocol was
reviewed and approved by the Ethics Committee of Fudan
University, Shanghai, China. Adult male Sprague-Dawley
rats (Shanghai SLAC Laboratory Animal Co., Ltd., Shanghai,
China) weighing 200 to 250 g were used. The animals were
anesthetized with Forane (Abbott, Shanghai, China) using a
vaporizer (Matrx, Midmark, Dayton, OH). Vessel segments
were obtained from a healthy rat abdominal aorta. Samples
were turned inside out to expose the endothelium. The ends
of the blood vessels were ligated, and the samples were
collected in DMEM containing 5% penicillin/streptomycin.
Tissue segments were washed 3 times with phosphate-
buffered saline (PBS) supplemented with 1% penicillin/strep-
tomycin. A pancreatin-trypsin solution was used to digest the
tissue for 3 minutes. DMEM (Gibco, Grand Island, NY, USA)
containing 10% FBS (Gibco) and 1% penicillin/streptomycin
was used to terminate the digestion. Cells were cultured on
fibronectin-coated dishes with endothelial cell medium
(ECM, ScienCell, San Diego, CA) at 37°C in a 5% CO2 incu-
bator. The medium was changed every 3 days. TNF-α stimu-
lation was used to mimic an inflammatory environment. The
cells in the TNF-α group were treated with 10ng/ml TNF-α
for 24 hours.

2.2. Small RNA Sequencing (RNA-seq). The quality of the
original sequencing data was evaluated by FastQC using
cutadapt to remove the adaptor and trimmomatic to remove
low-quality bases at both ends and read filtering. BLASTn
was used to compare reads with the small RNA, transfer
RNA, small nuclear RNA (snRNA), and snoRNA sequences
in the Rfam database, and the number and percentage of
mapped reads were calculated. Bowtie was used to compare
the read sequences with the exon and intron sequences of
the species, and the number and percentage of mapped reads
were calculated. Reads that mapped to an exon in the align-
ment but did not map to an intron were filtered out, after
which bowtie was used to align the reads with the reference
genome sequence, the number and percentage of mapped
reads were calculated, and the reads that did not align were
filtered out.

2.3. Quantitative Reverse Transcription Polymerase Chain
Reaction (qRT-PCR). Total RNA was isolated from cells with
TRIzol Reagent (Invitrogen) according to the manufacturer’s
instructions. After the reverse transcription reaction, RT-
PCR was performed with the ABI 7900HT system using
SYBR Premix (Takara, Dalian, China) according to the man-
ufacturer’s instructions. The RT-PCR conditions were as fol-
lows: denaturation at 95°C for 10 s, followed by 40 cycles at
95°C for 10 s, and 60°C for 30 s. A dissociation step was added
at the end of the amplification procedure. No nonspecific
amplification was observed based on the dissociation curve.
Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was
used as an internal control. The data were analyzed using
the comparative Ct (2−ΔΔCt) method and expressed as the
fold change relative to the respective control. Each sample
was analyzed in triplicate. The primer sequences used in this
study are shown in Table 1.

2.4. Statistical Analysis. The statistical analysis was per-
formed using IBM SPSS Statistics, and graphs were generated
by GraphPad Prism. Independent sample t-tests were used to
analyze the qPCRmRNA expression levels. P values less than
0.05 were considered significant.

3. Results

3.1. Identification of Differentially Expressed miRNAs and
Tissue-Specific Analysis. miRNAs play an important role in
cellular processes; so, we performed small RNA-seq to ana-
lyze the miRNA expression in endothelial cells stimulated
with TNF-α. The small RNA-seq results showed that ten
miRNAs were upregulated, and seven miRNAs were
downregulated in endothelial cells stimulated with TNF-α
(Figures 1(a) and 1(b)). Then, we detected the expression of
miRNAs in endothelial cells treated with TNF-α using
qRT-PCR. The results showed that the expression of rno-
miR-126a-5p and rno-miR-146a-5p was higher in the TNF-
α group than in the control group. However, the expression
of rno-novel-178 was lower in the TNF-α group than in the
control group (Figure 1(c)). We also detected the expression
of rno-miR-126a-5p, rno-miR-146a-5p, and rno-novel-178
in different rat tissues (Figures 1(d)–1(f)).

3.2. Identification of Differentially Expressed piRNAs and
Tissue-Specific Analysis. PiRNA, a type of small RNA with a
length of approximately 30 nt, is expressed in mammalian
germ cells and plays its regulatory role only when associated
with members of the PIWI protein family. The small RNA-
seq results showed that one piRNA was upregulated in endo-
thelial cells stimulated with TNF-α (Figure 2(a)). Then, we
detected the piRNA expression in endothelial cells treated
with TNF-α using qRT-PCR. The results showed that the
expression of rno-piR-017330 was higher in the TNF-α
group than in the control group. However, the expression
of rno-novel-178 was lower in the TNF-α group than in the
control group (Figure 2(b)). We also detected the expression
of rno-piR-017330 in different rat tissues (Figure 2(c)).

3.3. Identification of Differentially Expressed snoRNA and
Tissue-Specific Analysis. snoRNA has recently become a hot
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Table 1: Sequence of primers used for qRT-PCR.

Gene Sequence (5′ to 3′)
rno-miR-122-5p GCAGTGGAGTGTGACAATG

rno-miR-126a-3p GCAGTCGTACCGTGAGT

rno-miR-126a-5p CGCAGCATTATTACTTTTGGT

rno-miR-139-5p GTCTACAGTGCACGTGTC

rno-miR-146a-5p GCAGTGAGAACTGAATTCCA

rno-miR-214-5p CGCAGAGAGTTGTCATGTG

rno-miR-222-5p GGGCTCAGTAGCCAGT

rno-miR-3075 GTCTGGGAGCAGCCA

rno-miR-340-3p GCAGTCCGTCTCAGTTAC

rno-miR-379-3p CGCAGCTATGTAACATGGTC

rno-miR-449c-5p GAGGCAGTGCATTGCT

rno-novel-11-mature AGTAGGGTCTGTTCTGTGTC

rno-novel-124-mature CAGTTCTTCTGAAAGCTTCTGA

rno-novel-162-mature GGTGGGACCTGTGGT

rno-novel-172-mature GCAGCTGGGCTACACA

rno-novel-178-mature CGCAGTTGGTACCTGTTTC

rno-novel-30-mature CAGGTCCACTCTGCTGA

rno_piR_017330 F: GCTGATCAACTGCCTGAC

ENSMAUT00000008966.1 F: TGATTCCTGTTGCTTTGCCTG

R: GTCTTTCAGAAGAGGTAGTGACTGA

ENSMAUT00000006253.1 F: AGGTGCTTGAGTTGTTGACCT

R: ACACCAGTGGAGTCCTGACA

ENSOPRT00000020591.1 F: GCTGTGCGTGATGACA

R: CAGGCAGTTTCCTCAGG

ENSFDAT00000004408.1 F: TGGCCAAAGATGAGAACTCTAAC

R: GCCTCAGGTAAATCCTTTAACCC

ENSRNOT00000091608.1 F: ACTGGTCTGCAGCTGTCTTT

R: TGTCTGTCACGCATATTCCTCT

ENSRNOT00000090389.1 F: AGCTTTGTGCAGTGGCAGTA

R: ATATTGCAAGTTGTCATGGCG

ENSVPAT00000017203.1 F: AGCCAATGGGGTTTATCCGA

R: TTAAGTTGGAACATGGAAACTGG

ENSRNOT00000085806.1 F: GCTTTGAGTCCCTGAGGACA

R: GATGGGCCAATTCAAAGCCC

ENSRNOT00000087823.1 F: TCGGCCTTTTGGCTAAGATCA

R: TGGGCAAGAGGAGAGGTTGA

ENSHGLT00100029469.1 F: AGCAGCACGTACATATTAGAGCA

R: GAGTTTGTATGTCAGCCTTGTGC

ENSTGET00000012731.1 F: CTGCTCACTTCATCAGCACA

R: ACGTATTTGTGCATCAGGGGT

ENSETET00000022017.1 F: AGGGCGAGGCTTATCCATTG

R: GCAGTTCCCCACTACCACAA

U6F GCAGCGTGAAGCGTTC

RT primer CAGGTCCAGTTTTTTTTTTTTTTTVN

rno GAPDH F: GGACCAGGTTGTCTCCTGTG

R: CATTGAGAGCAATGCCAGCC
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Figure 1: Analysis of the expression of miRNAs in endothelial cells and rat tissue. (a) A volcano plot was used to show the differences in
miRNA expression levels between the TNF-α group and NC group. (b) Heatmap analysis of the differences in miRNA expression levels.
(c) The miRNA expression in endothelial cells stimulated with TNF-α was detected by qRT-PCR. (d) The Rno-miR-126a-5p expression
in the rat tissue was detected by qRT-PCR. (e) The Rno-miR-146a-5p expression in the rat tissue was detected by qRT-PCR. (f) The
novel-178 expression in the rat tissue was detected by qRT-PCR. Data are presented as the mean ± S:D. ∗ indicates P < 0:05.
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spot in biological research. This small noncoding RNA,
which has conserved structural elements, is encoded by
introns and is distributed in the nucleolus of eukaryotic cells.
The small RNA-seq results showed that the expression of
snoRNAs in endothelial cells was regulated by TNF-α stimu-
lation (Figure 3(a)). Then, we detected the snoRNA expres-
sion in endothelial cells treated with TNF-α using qRT-
PCR. The results showed that the expression of snoRNAs
ENSMAUT00000008966.1 and ENSMAUT00000006253.1
was higher in the TNF-α group than in the control group
(Figure 3(b)). We also detected the expression of snoRNA
ENSMAUT00000008966.1 and ENSMAUT00000006253.1
in different rat tissues (Figures 3(c) and 3(d)).

3.4. Identification of Differentially Expressed snRNAs and
Tissue-Specific Analysis. snRNA is the main component of
the RNA spliceosome in posttranscriptional processing in
eukaryotes and participates in the processing of mRNA pre-
cursors. The small RNA-seq results showed that the expres-
sion of snRNAs in endothelial cells was regulated by TNF-α
stimulation (Figure 4(a)). Then, we detected the snoRNA
expression in endothelial cells treated with TNF-α using
qRT-PCR. The results showed that the expression of snRNA
ENSHGLT00100029469.1 and ENSRNOT00000085806.1
was higher in the TNF-α group than in the control group
(Figure 4(b)). We also detected the expression of snoRNAs
ENSHGLT00100029469.1 and ENSRNOT00000085806.1 in
different rat tissues (Figures 4(c) and 4(d)).

4. Discussion

In previous studies, vascular inflammation was related to the
occurrence and development of atherosclerosis, ischemic
stroke, cerebral aneurysm, rheumatoid arthritis, and chronic
venous disease [1–4]. It is also related to treatment decisions,

prognosis, and risk of future cardiovascular and cerebrovas-
cular events. In this study, we employed TNF-α to mimic this
pathophysiological process. TNF-α induced cell inflamma-
tion via various mechanisms [5–7]. And it is also used as a
mature cellular modeling technique.

Endothelial cells have various important functions,
including maintenance of vascular haemostasis and secretion
of several vasoactive and antithrombogenic mediators. Intra-
vascular blood flow wall shear stress, cyclic stretch, oxidative
stress, dyslipidaemia, mechanical injury, and other factors
are related to pathological changes in endothelial cells. The
interaction between different types of vascular wall cells is
also important for endothelial cell inflammation [8, 9]. We
extracted arterial endothelial cells from the aorta. Abdominal
aorta is typical vascular tissue, and it involves endothelial
cells and smooth muscle cells. During tissue specific analysis,
the obvious small RNAs changes might be disturbed.

Small RNAs, a large class of regulatory molecules that
exists in almost all organisms, include miRNAs, ncRNAs,
siRNAs, snoRNAs, piRNAs, and rasiRNAs,. Small RNAs reg-
ulate the growth and development of organisms and the
occurrence of diseases through a variety of mechanisms,
including mRNA degradation, translational inhibition, het-
erochromatin formation, and DNA removal. Small RNA
transcriptome sequencing is a new method and powerful tool
for the identification and quantitative analysis of small
RNAs.

miRNAs are small noncoding single-stranded RNAs
18-25 nucleotides in length. A mature miRNA functions
by complementary pairing with the 3′-noncoding region
(3′-UTR) of its target gene. Full complementarity with
the 3′-UTR of the target gene leads to accelerated degra-
dation of the target mRNA, while partial complementarity
inhibits target protein synthesis. As a negative regulator of
the gene expression, miRNA can affect many important
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Figure 2: Analysis of the piRNA expression in endothelial cells and rat tissue. (a) A volcano plot was used to show the difference in piRNA
expression levels between the TNF-α group and NC group. (b) The rno-piR-017330 expression in endothelial cells stimulated with TNF-αwas
detected by qRT-PCR. (c) The rno-piR-017330 expression in the rat tissue was detected by qRT-PCR. Data are presented as themean ± S:D.
∗ indicates P < 0:05.
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human physiological and pathological processes, including
differentiation, proliferation, apoptosis, migration, homeo-
stasis, and various disease processes. A number of miRNAs
can regulate the physiological functions of vascular endothe-
lial cells, and miRNAs related to vascular endothelial cell
inflammation can become new targets for the treatment of
cardiovascular and cerebrovascular diseases. In our current
study, we found that the expression of rno-miR-126a-5p
and rno-miR-146a-5p decreased under TNF-α stimulation
conditions, while the expression of novel-178 increased
under TNF-α stimulation conditions. Studies have reported
that miR-126a-5p reduces the occurrence of abdominal aor-
tic aneurysm by inhibiting the expression of ADAMTS-4

[10]. Many studies have investigated the relationship
between miR-146a-5p and the TNF-α signaling pathway
[11–13]. Rno-novel-178, a novel miRNA that we identified
in this study, may function as a proinflammatory miRNA.
Its relationship with TNF-α and its role in endothelial cells
need further verification.

PiRNA is a type of small RNA with a length of approxi-
mately 30 nt and expressed in mammalian germ cells that
plays its regulatory role only when associated with members
of the PIWI protein family. At present, an increasing number
of studies have shown that the regulation of the growth and
development of germ cells by piRNAs is related to gene
silencing caused by the Piwi-piRNA complex, but because
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Figure 3: Analysis of the expression of snoRNAs in endothelial cells and rat tissue. (a) A volcano plot was used to show the
differences in snoRNA expression levels between the TNF-α group and NC group. (b) The snoRNA expression in endothelial cells
stimulated with TNF-α was detected by qRT-PCR. (c) The ENSMAUT00000008966.1 expression in the rat tissue was detected by
qRT-PCR. (d) The ENSMAUT00000006253.1 expression in the rat tissue was detected by qRT-PCR. Data are presented as the
mean ± S:D. ∗ indicates P < 0:05.
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research on piRNAs is still nascent, some of the specific func-
tions of this complex are still under research. There are no
reports on the relationship between piRNAs and TNF-α,
and the role of piRNAs in endothelial cells is unknown. Pre-
vious studies reported that piRNAs exist only in germ cells;
however, we found that piRNAs are also present in endothe-
lial cells, although their specific functions need to be further
elucidated.

snoRNA is a type of small noncoding RNA widely dis-
tributed in the nucleolus of eukaryotic cells. It has conserved
structural elements and is divided into three categories: box

C/D snoRNA, box H/ACA snoRNA, andMRP RNA. Among
them, box C/D and box H/ACA are the main types of known
snoRNAs, which guide the methylation and pseudouridyla-
tion modification of ribosomal RNA by base pairing, respec-
tively. Studies have found that in addition to playing a role in
ribosomal RNA biosynthesis, snoRNAs can guide the post-
transcriptional modification of snRNA, tRNA, and mRNA.
In addition, there are a considerable number of snoRNAs
with unknown functions, which are called orphan snoRNAs.
Among mammalian orphan snoRNAs, imprinted snoRNA
(imprinted snoRNA) is the most unique group, which is
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Figure 4: Analysis of the expression of snRNAs in endothelial cells and rat tissue. (a) A volcano plot was used to show the
difference in snRNA expression levels between the TNF-α group and NC group. (b) The snoRNA expression in endothelial cells
stimulated with TNF-α was detected by qRT-PCR. (c) The ENSHGLT00100029469.1 expression in the rat tissue was detected by
qRT-PCR. (d) The ENSRNOT00000085806.1 expression in the rat tissue was detected by qRT-PCR. Data are presented as the
mean ± S:D. ∗ indicates P < 0:05.
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encoded by the genomic imprinted region and has obvious
tissue expression specificity. The identification of snoRNA-
like members in prokaryotic archaea indicates the ancient
origin of these noncoding RNA family members, and the
existence of a large number of snoRNA transposons in mam-
mals provides a new way for people to explore the amplifica-
tion and functional evolution of snoRNAs in the genome.We
first studied the relationship between snoRNAs and TNF-α
in endothelial cells. A number of snoRNAs were observed
to be expressed in endothelial cells. In addition, we found
that the expression of ENSMAUT00000006253.1 in tissues
is vascular-specific; so, the role of snoRNAs in endothelial
cells needs to be further explored.

snRNA is the main component of the RNA spliceosome
in the posttranscriptional processing of eukaryotes and par-
ticipates in the processing of mRNA precursors. In mam-
mals, its length is approximately 100-215 nucleotides, and it
is divided into 7 categories, numbered U1~U7 based on
the number of U residues. SnRNA exists only in the cell
nucleus. Usually, snRNA does not exist freely but interacts
with protein to form a complex called small nuclear ribonu-
cleoprotein particle (snRNP). snRNA does not participate in
protein synthesis activities but plays an important role in
RNA processing. U3 snRNA is related to the maturation of
28S rRNA in the nucleolus, while U1 is related to the splicing
and processing of precursor mRNA in the nucleus. The pro-
tein component of snRNA has nuclease and ligase activity,
which can cut the transcript at the intron-exon junction
and connect the two free ends. However, the role of snRNA
in endothelial cells and its relationship with the TNF-α signal-
ing pathway have not yet been reported. Similarly, we found
that the expression of snRNA ENSRNOT00000085806.1 has
vascular tissue specificity. The function and potential target
of ENSRNOT00000085806.1 in endothelial cells will be
explored and verified in our subsequent studies.

Oxidative stress plays an important role in stroke, and
endothelium inflammation is inevitable. Oxidative stress is
often a trigger for inflammation. Increasing evidence demon-
strates that oxidative stress responses participate in the path-
ophysiological processes of secondary brain injury following
intracerebral haemorrhage, cerebral ischemia, and subarach-
noid hemorrhage [14–17]. Small RNAs are opportunities to
be potential targets in antioxidation and anti-inflammation
therapy. Unfortunately, few studies have focused on small
RNA changes in endothelial cells under inflammatory condi-
tions. Anti-inflammatory therapy is a frequently discussed
clinical issue that includes new drug research, drug-target
protein detection, disease mechanism exploration, vascular
disease radiological diagnosis, and intravascular research
[18, 19]. Through screening, we will verify the target genes
of above small RNAs in the subsequent in vivo and in vitro
studies. Exploration of endothelial cells in response to
inflammatory stimulation may shed light on this field.

5. Conclusions

To our knowledge, no studies have reported the expression of
small RNA in endothelial cells under TNF-α stimulation. We
found that TNF-α can regulate the expression of small RNAs

in endothelial cells, and our study adds new information to
better understand this phenomenon. This finding may shed
light on the diagnosis and treatment of endothelial cell
inflammation-related diseases. However, the function of
small RNAs in endothelial cells needs further study.

Data Availability

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

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

PL contributed to the conception and design of study, provi-
sion of study material and animal model, collection and/or
assembly of data, data analysis and interpretation, manu-
script writing, and final approval of manuscript. LH contrib-
uted to the data analysis and interpretation and manuscript
writing. YS and YL performed the database input and data
interpretation. GY and YZ performed the PCR assay. QA
contributed to the provision of study and revision and final
approval of manuscript. WZ contributed to the conception
and design of study and revision and final approval of man-
uscript.PL and LH contributed to this work equally. WZ
and QA are co-corresponding authors of this article.

Acknowledgments

This study was supported by the Outstanding Academic
Leaders Program of Shanghai Municipal Commission of
Health and Family Planning (No. 2017BR006 to WZ),
National Natural Science Foundation of China (No.
81571102, No. 81870911 to WZ; No. 81801148 to PL),
Clinical Research Plan of SHDC (No. SHDC2020CR2034B
to WZ, No. SHDC2020CR4033 to KQ), Shanghai Munic-
ipal Science and Technology Major Project (No.
2018SHZDZX01) and ZJ Lab, and CAMS Innovation
Fund for Medical Sciences (CIFMS, 2019-I2M-5-008).

Supplementary Materials

Supplementary materials include raw data of sequencing for
microRNA and other small RNAs (piRNA, snRNA, and
snoRNA). (Supplementary Materials)

References

[1] P. Libby, P. M. Ridker, and A. Maseri, “Inflammation and
atherosclerosis,” Circulation, vol. 105, no. 9, pp. 1135–
1143, 2002.

[2] X. Yang, Y. Chang, and W. Wei, “Endothelial dysfunction
and inflammation: immunity in rheumatoid arthritis,”
Mediators of Inflammation, vol. 2016, Article ID 6813016,
9 pages, 2016.

[3] R. Castro-Ferreira, R. Cardoso, A. Leite-Moreira, and
A. Mansilha, “The role of endothelial dysfunction and

8 Oxidative Medicine and Cellular Longevity

https://downloads.hindawi.com/journals/omcl/2021/8845520.f1.docx


inflammation in chronic venous disease,” Annals of Vascular
Surgery, vol. 46, pp. 380–393, 2018.

[4] S. F. Rocha, M. Schiller, D. Jing et al., “Esm 1 modulates endo-
thelial tip cell behavior and vascular permeability by enhanc-
ing VEGF bioavailability,” Circulation Research, vol. 115,
no. 6, pp. 581–590, 2014.

[5] S. J. Forrester, K. J. Preston, H. A. Cooper et al., “Mitochon-
drial fission mediates endothelial inflammation,” Hyperten-
sion, vol. 76, no. 1, pp. 267–276, 2020.

[6] T. Iwashima, Y. Kudome, Y. Kishimoto et al., “Aronia berry
extract inhibits TNF-α-induced vascular endothelial inflam-
mation through the regulation of STAT3,” Food & Nutrition
Research, vol. 63, 2019.

[7] E. P. Béguin, B. L. van den Eshof, A. J. Hoogendijk et al., “Inte-
grated proteomic analysis of tumor necrosis factor α and inter-
leukin 1β-induced endothelial inflammation,” Journal of
Proteomics, vol. 192, pp. 89–101, 2019.

[8] P. Liu, Y. Shi, Z. Fan et al., “Inflammatory smooth muscle
cells induce endothelial cell alterations to influence cerebral
aneurysm progression via regulation of integrin and VEGF
expression,” Cell Transplantation, vol. 28, no. 6, pp. 713–
722, 2019.

[9] P. Liu, Y. Song, Y. Zhou et al., “Cyclic mechanical stretch
induced smooth muscle cell changes in cerebral aneurysm
progress by reducing collagen type IV and collagen type VI
levels,” Cellular Physiology and Biochemistry, vol. 45, no. 3,
pp. 1051–1060, 2018.

[10] L. Li, W. Ma, S. Pan et al., “MiR-126a-5p limits the formation
of abdominal aortic aneurysm in mice and decreases
ADAMTS-4 expression,” Journal of Cellular and Molecular
Medicine, vol. 24, no. 14, pp. 7896–7906, 2020.

[11] D. Wu, Q. Y. Xi, X. Cheng et al., “miR-146a-5p inhibits TNF-
α-induced adipogenesis via targeting insulin receptor in pri-
mary porcine adipocytes[S],” Journal of Lipid Research,
vol. 57, no. 8, pp. 1360–1372, 2016.

[12] Y. T. Ge, A. Q. Zhong, G. F. Xu, and Y. Lu, “Resveratrol pro-
tects BV2 mouse microglial cells against LPS-induced inflam-
matory injury by altering the miR-146a-5p/TRAF6/NF-κB
axis,” Immunopharmacology and Immunotoxicology, vol. 41,
no. 5, pp. 549–557, 2019.

[13] Y. Lu, D. L. Cao, B. C. Jiang, T. Yang, and Y. J. Gao, “Micro-
RNA-146a-5p attenuates neuropathic pain via suppressing
TRAF6 signaling in the spinal cord,” Brain, Behavior, and
Immunity, vol. 49, pp. 119–129, 2015.

[14] X. Duan, Z. Wen, H. Shen, M. Shen, and G. Chen, “Intracere-
bral hemorrhage, oxidative stress, and antioxidant therapy,”
Oxidative Medicine and Cellular Longevity, vol. 2016, Article
ID 1203285, 17 pages, 2016.

[15] J. Mo, B. Enkhjargal, Z. D. Travis et al., “AVE 0991 attenuates
oxidative stress and neuronal apoptosis via Mas/PKA/CRE-
B/UCP-2 pathway after subarachnoid hemorrhage in rats,”
Redox Biology, vol. 20, pp. 75–86, 2019.

[16] R. Rodrigo, R. Fernández-Gajardo, R. Gutiérrez et al., “Oxida-
tive stress and pathophysiology of ischemic stroke: novel ther-
apeutic opportunities,” CNS & Neurological Disorders - Drug
Targets, vol. 12, no. 5, pp. 698–714, 2013.

[17] R. Shirley, E. N. Ord, and L. M. Work, “Oxidative stress and
the use of antioxidants in stroke,” Antioxidants (Basel),
vol. 3, no. 3, pp. 472–501, 2014.

[18] K. Quan, J. Song, Z. Yang et al., “Validation of wall enhance-
ment as a new imaging biomarker of unruptured cerebral
aneurysm,” Stroke, vol. 50, no. 6, pp. 1570–1573, 2019.

[19] P. Liu, Y. Liu, P. Li et al., “Rosuvastatin- and heparin-loaded
poly (l-lactide- co-caprolactone) nanofiber aneurysm stent
promotes endothelialization via vascular endothelial growth
factor type A modulation,” ACS Applied Materials & Inter-
faces, vol. 10, no. 48, pp. 41012–41018, 2018.

9Oxidative Medicine and Cellular Longevity


	Changes in the Small RNA Expression in Endothelial Cells in Response to Inflammatory Stimulation
	1. Introduction
	2. Materials and Methods
	2.1. Endothelial Cell Isolation and Culture
	2.2. Small RNA Sequencing (RNA-seq)
	2.3. Quantitative Reverse Transcription Polymerase Chain Reaction (qRT-PCR)
	2.4. Statistical Analysis

	3. Results
	3.1. Identification of Differentially Expressed miRNAs and Tissue-Specific Analysis
	3.2. Identification of Differentially Expressed piRNAs and Tissue-Specific Analysis
	3.3. Identification of Differentially Expressed snoRNA and Tissue-Specific Analysis
	3.4. Identification of Differentially Expressed snRNAs and Tissue-Specific Analysis

	4. Discussion
	5. Conclusions
	Data Availability
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments
	Supplementary Materials

