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Abstract

Objective This study is to explore the exact roles of
extracellular vesicle (EVs) miRNAs from brain
microvascular pericytes in the pathogenesis of
hypertension.

Results Forty-eight  significantly  differentially
expressed miRNAs were identified, of which 17 were
found to be upregulated and 31 were found to be
downregulated in brain microvascular pericytes of
spontaneous hypertensive rats, compared with that of
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normotension Wistar Kyoto rats. The GO enrichment
analysis verified that the target genes were enriched in
signaling pathways and molecular functions, such as
metal ion binding, nucleotide binding and ATP
binding. The KEGG analysis indicated that the target
genes were enriched in Linoleic acid, alpha-linolenic
acid and sphingolipid metabolism pathways.
Conclusions Several EV derived miRNAs, such as
miR-21-5p, let-7c-5p and let-7a-5p, were found to be
abnormally expressed in brain microvascular pericytes
obtained from spontaneous hypertensive rats, com-
pared with that of normotension Wistar Kyoto rats.
The results of our research provide more insights into
the functional link between brain microvascular
pericytes and the pathogenesis of hypertension.
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Abbreviations

UTR Untranslated regions

EVs Extracellular vesicles

SCI Spinal cord injury

TEM Transmission electron microscopy

NTA Nanoparticle tracking analysis

KEGG Kyoto Encyclopedia of Genes and
Genomes

SHR Spontaneous hypertensive rats

WKY Wistar Kyoto rats

GO Gene ontology

BP Biology process

CC Cellular component

MF Molecular function

SLC7A1 Solute carrier family 7 member 1

Introduction

Hypertension is a complex disease and its pathogen-
esis is determined by multiple genetic and environ-
mental factors (Carrick et al. 2018). Hypertension is a
major risk factor for heart disease, myocardial infarc-
tion, vascular disease, stroke and chronic kidney
disease, as proved by genetic and epidemiological
studies (Serne et al. 2007). Pericytes, which are mural
cells that wrap around endothelial cells, have drawn
attention as regulators of vascular morphogenesis
(Ferland-McCollough et al. 2017). Previous studies
have shown that pericytes, which perform critical
functions throughout the body, have been implicated
in various processes, including the development of
cardiovascular and cerebrovascular diseases, during
recent years and therefore may be potential new
targets for antiangiogenic therapies (Armulik et al.
2011; Ferland-McCollough et al. 2017). For example,
our previous study identified several differentially
expressed genes and signaling pathways in brain
microvascular pericytes between SHR (spontaneous
hypertensive rats) and WKY (normotension Wistar
Kyoto) rats through transcriptome profile analysis
(Yuan et al. 2018). We also detected the m°A
methylation levels in WKY pericytes and SHR
pericytes via m6A high throughput sequencing. Our
previous study revealed the respective m6A land-
scapes and identified an epitranscriptomic mechanism
involved in the development of mammalian hyperten-
sion (Wu et al. 2019).
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microRNAs (miRNAs) are small endogenous non
coding RNAs with a length of 18-25 nucleotides that
bind to the 3’ or 5’ untranslated regions (UTR) of
genes, which correspondingly regulate their expres-
sion at a post-transcriptional level (Garcia-Contreras
et al. 2017). miRNAs exert their effects on cells that
they are synthesized in, and are also released into the
extracellular matrix and are transported in body fluids,
such as blood and urine (Hannafon et al. 2016).
Increasing evidence has proved that miRNAs play
significant roles in multiple cellular and molecular
events, and that their dysregulation has been identified
during the pathogenesis of various diseases, including
hypertension (Ebrahimkhani et al. 2017).

Extracellular vesicles (EVs) are released from most
eukaryotic cells and contain lipids, proteins, mRNAs
and miRNAs (Sugimachi et al. 2015). EVs derived
from pericytes can be easily taken up by endothelial
cells, which are another important component of the
neurovascular unit (Gaceb et al. 2018). Studies on
pericyte EVs in spinal cord injury (SCI) found that
they could not only improve endothelial ability to
regulate blood flow, but also form a protective barrier
around spinal cord microvascular endothelial cells
(Yuan et al. 2019). Recent research has proved that
miRNAs can be transported in body fluids while
within EVs (Hornick et al. 2015). Once the miRNAs
are released into the extracellular fluid, it was found
that EVs fuse with other cells and transfer the miRNAs
to acceptor cells (Bhome et al. 2018). Exosomal
miRNAs may play critical roles in cell communication
and can be used as disease detection and monitoring
biomarkers (Zhang et al. 2015). Exosomal miRNA
signatures have recently been identified in several
cancers, including gastric cancer (Ren et al. 2019),
colorectal cancer (Tang et al. 2019), acute myeloid
leukemia (Hornick et al. 2015) and hepatocellular
carcinoma (Sugimachi et al. 2015). However, EV
miRNAs in pericytes have not been well analyzed for
their hypertension diagnosis or monitoring abilities.

In this study, we explored the differential expres-
sion patterns of EVs in brain microvascular pericytes
from SHR and WKY rats using miRNA profiling
analysis. Several EV miRNAs in brain microvascular
pericytes were identified as potential biomarkers or
potential therapeutic targets for hypertension. Collec-
tively, our findings further elucidated the molecular
mechanisms underlying the development of
hypertension.
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Materials and methods
Sample preparation and identification

Experiments on laboratory animals were authorized
by the Laboratory Animal Care and Ethics Committee
of the Institute of Microcirculation, Peking Union
Medical College & Chinese Academy of Medical
Sciences. WKY rats (n = 10) and SHR rats (n = 10)
were purchased from Vital River Laboratory Animal
Technology Co. Ltd. (license No. SCXK 2016-0006,
Beijing, China). The brains of the rats were immersed
in an ice-cold isolation buffer immediately after
decapitation. After the tissues were removed, micro-
vessels were isolated, as previously described (Yuan
et al. 2018). When the pericytes reached 60-80%
confluency, they were cultured in an EV depleted
FBS-containing medium (EXO-FBS-250 A-1; System
Biosciences, Mountain View, CA, United States) for
an additional 48 h. Then, the EVs were isolated from
the samples using multi-step centrifugation, as previ-
ously reported (Villarroya-Beltri et al. 2013; Xin et al.
2012). In brief, the supernatant collected from the
cultured pericytes were centrifuged at 2000xg for
30 min to remove large debris and dead cells, followed
by centrifugation at 10,000x g for 30 min to remove
small cell debris and finally at 100,000 g for 70 min
at 4 °C. Thereafter, contaminating proteins were
removed through centrifugation at 100,000xg for
70 min at 4 °C. (Beckman XPN-100, SW28Ti Rotor).
The purified EVs were resuspended in PBS for
functional assays and protein detection. The protein
concentrations of the EVs were determined using a
BCA Protein Assay Kit (Thermo Fisher Scientific).

Sample identification
Transmission electron microscopy (TEM)

The morphology of the EVs obtained from the
pericytes was observed using TEM. EV pellets were
fixed in 2% paraformaldehyde (PFA)-cacodylate
buffer and were loaded onto copper grids covered
with formvar for 20 min. Then, the EVs were fixed in
1% (w/v) glutaraldehyde for 5 min. The grids were
washed and contrasted using 4% uranyl acetate for
5 min, dried, and then observed under TEM (FEI
TECNAI G2, 120 kV).

NTA: size distribution analysis of pericyte EVs

The suspensions with vesicles were analyzed using a
Nano-Sight LM10 instrument (Malvern, Worcester-
shire, United Kingdom). A monochromatic laser beam
was used to illuminate the diluted samples at 405 nm
to record a 60 s video at a mean frame rate of 25
frames/s. The EV samples were analyzed using NTA
software (version 3.0, Nano-Sight) to first distinguish
and then follow each particle on an optimal frame-by-
frame basis to track Brownian movement and measure
the same from frame to frame. The size of the particles
were determined using the two-dimensional Stokes—
Einstein equation, based on the velocity of particle
movement. The mean, mode and median EV size in
each video was used to calculate sample concentration
expressed as nanoparticles/mL.

Western blotting analysis

The EV samples stored in a refrigerator at — 80 °C
were added into the loading buffer. The protein was
denatured by heating at 99 °C for 5 min. The protein
samples were added into the sample hole and protein
electrophoresis was performed on SDS-PAGE at a
voltage of 80 V. After the sample was compressed into
a straight line, electrophoresis was continued at a
voltage of 100 V. Thereafter, the PVDF membrane
(Millipore) was kept at 100 V at a constant pressure
for 2 h, and 5% skim milk powder was used for sealing
for 40 min, and was incubated with a primary antibody
(CDY, ab92726, 1:2000; CDS81, ab109201, 1:1000;
ABCAM, MA, USA) overnight in a shaking bed at
4 °C. TBST buffer was used to wash the PVDF
membrane, which was then incubated at room tem-
perature with the secondary antibody (Goat Anti-
Rabbit IgG H&L (HRP) (ab6721), 1:3000) within 1 h
for 5 min each time and repeated 3 times. Then, TBST
was again used to wash the membrane for 10 min and
was repeated 3 times. Then, a luminescent solution
was added and exposure was performed using the
automatic developer.

RNA extraction
The EV RNA was extracted using a RNeasy maxi kit
(QIAGEN, GER) and was kept in RNase free water.

A NanoPhotometer® Spectrophotometer (IMPLEN,
CA, USA) was used to measure RNA purity. A Qubit
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RNA Assay Kit and Qubit 2.0 Flurometer (Life
Technologies, CA, USA) were used to determine
RNA concentration. The RNA Nano 6000 Assay Kit
of the Agilent Bioanalyzer 2100 system (Agilent
Technologies, CA, USA) was used to assess RNA
integrity.

Preparation of the sequencing library and small
RNA sequencing

A NEBNext Multiplex Small RNA Library Prep Set
for Illumina (NEB, USA.) was used to generate the
sequencing libraries, following the manufacturer’s
instructions. In order to attribute sequences to each
sample, the index codes were also added. DNA
fragments with a length of 140-160 bp were recovered
and dissolved in 8 pL of elution buffer. Finally, DNA
High Sensitivity Chips were used to access library
quality on the Agilent Bioanalyzer 2100 system. After
clustering the index-coded samples, the cDNA library
was sequenced on an Illumina Hiseq 2500/2000 high-
throughput sequencing platform, with 50 bp long
single-end reads being generated.

Processing and assembly of sequencing raw data

Clean reads were obtained by removing reads con-
taining ploy-N or 5’ adapter contaminants, not
containing 3’ adapter or the insert tag, or containing
ploy A, T, G or C, while low-quality reads were also
removed from raw data. We used Bowtie software
(Langmead et al. 2009) to map clean reads on the
reference genome. Known miRNAs were identified
and mapped using small RNA tags, with miRBase
20.0 used as the reference. Then, small RNA reads
were mapped on the RepeatMasker, Rfam database to
exclude reads originating from protein-coding genes,
repeat sequences, TRNA, tRNA, snRNA and snoRNA.

Differentially expressed miRNAs

miRNAs were quantified as TPM (transcript per
million), which was calculated using the formula:
normalized expression = unique mapped read count/
Total reads x 100,0000. DESeq of R software (1.8.4)
was used to identify differentially expressed miRNAs
between two conditions. Significantly differentially
expressed miRNAs were defined as having an adjusted
p value of < 0.05 and fold change of > 2. The target
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genes of the miRNAs were further predicted using
miRanda software (Enright et al. 2003).

GO and KEGG enrichment analysis

Gene ontology (GO) term analysis was applied to
target genes with significantly differentially expressed
miRNAs between EVs from brain microvascular
pericytes of SHR and WKY, using GOseq, which
adjusted gene length bias. Kyoto Encyclopedia of
Genes and Genomes (KEGG) is a database used for
the systematic analysis of gene functions and genomic
information, which has been designed to understand
the functions of large-scale molecular datasets gener-
ated by high-throughput sequencing (https://www.
genome.jp/kegg/). KOBAS software (Mao et al. 2005)
was used to identify the significant enrichment path-
ways of the target genes.

Results
Characterization of pericyte EVs

We analyzed the miRNA profile of the EVs isolated
from the medium of the brain microvascular pericytes
of ten spontaneous hypertensive rats (SHR) and 10
normotension Wistar Kyoto rats (WKY). Figure 1
illustrates the workflow of this study.

EVs isolated from brain microvascular pericytes of
SHR and WKY rats were morphologically confirmed
using TEM (Fig. 2a). The EVs extracted through
hypervelocity centrifugation showed an obvious
saucer like double-layer membrane structure under
an electron microscope, and the particle diameter was
approximately 100 nm. In addition, the diameter and
size distribution of the pericyte EVs were further
analyzed using NTA (Fig. 2b). Particle diameter
showed a distribution from 100 to 350 nm in width,
with a mean width of 266 nm. Two EV markers, CD9
and CDS81, were clearly detected using western
blotting analysis, which further confirmed the identity
of the isolated EVs (Fig. 2c, d).

Small RNA classification
EVs contain numerous types of small RNA, such as

miRNA, rRNA, tRNA, snoRNA and snRNA. These
small RNAs can be classified by mapping the unique
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Fig. 1 The experimental procedure of the whole research

reads to noncoding RNA databases, such as miRBase,
RepeatMasker and Rfam. miRNAs of brain microvas-
cular pericyte EVs of WKY and SHR rats contained
72.3% and 78.9% of small RNAs, respectively
(Fig. 3a), which included rRNAs (25.02% and
19.58%, respectively), tRNAs (1.24% and 1.19%,
respectively), snoRNAs (1.33% and 0.26%, respec-
tively), SnRNAs (0.19% and 0.08%, respectively) and
other small RNAs (1.06% and 0.18%, respectively).
Furthermore, 386 known miRNAs were identified in
the WKY rat sample, while 225 known miRNAs were
identified in the SHR rat sample, with an overlap of
219 miRNAs between the groups (Fig. 3b).

Differentially expressed miRNAs

miRNA profiling of the EVs derived from brain
microvascular pericytes identified 48 significantly
differentially expressed miRNAs, of which 17, includ-
ing let-7c-5p, let-7a-5p, miR-11980, miR-122-5p and
miR-378a-3p, were upregulated, while 31, including
miR-6240, miR-26a-5p, let-7i-5p and miR-1285, were

downregulated in SHR rats, compared with that of
normotension WKY rats (Table 1). The differentially
expressed miRNAs were hierarchically clustered
(Fig. 4).

miRNA-gene regulatory network

It is well known that a single miRNA can regulate
hundreds of genes, while a single gene can have
numerous miRNA binding sites. In order to investigate
the influence of miRNAs of brain microvascular
pericyte EVs, target genes of the significantly differ-
entially expressed miRNAs were identified using
miRanda and TargetScan. The resulting miRNA-gene
and gene—gene pairs were constructed using Cytos-
cape software (version 3.5.0), where edges between
the miRNAs and target genes represent a potential
regulatory relationship and edges between genes
represent an expression correlation (Fig. 5). Interest-
ingly, we found that matrix metalloproteinases
(MMPs), including Mmpl, Mmp2, Mmp7, Mmp8,
Mmp9 and Mmp16, are involved in the network and
that Mmp13, Mmpl9 and Vegfa were the central
nodes that regulated most of the significantly differ-
entially expressed miRNAs.

GO analysis of the target genes

In order to further study the tumor biology associated
with specific EV-related miRNAs of SHR rats,
compared with that of normotension WKY rats, we
performed a bioinformatics analysis to identify pro-
teins that are regulated by differentially expressed
miRNAs and also to assess their molecular and
biological functions.

GO enrichment analysis was performed on the
target genes of significantly differentially expressed
miRNAs between brain microvascular pericyte EVs of
SHR and WKY rats (Fig. 6). The results indicated that
the target genes are mainly enriched in biological
process (BP), including ‘biological process’, ‘regula-
tion of transcription’, ‘transport’ and ‘signal transduc-
tion’, while the cellular components (CC) included
‘membrane’, ‘integral component of membrane’,
‘nucleus’ and ‘cytoplasm’. In addition, molecular
functions (MF) included ‘metal ion binding’, ‘molec-
ular function’, ‘nucleotide binding’ and °‘ATP
binding’.
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Fig. 2 Characterization of brain microvascular pericytes EVs
from WKY and SHR. a Transmission electron microscopy
shows the pericytes EVs. The scale bar represents 200 nm.
b The diagram shows the size and concentration of EVs derived

KEGG pathway analysis of the target genes

KEGG pathway analysis was also performed on the
target genes of significantly differentially expressed
miRNAs between brain microvascular pericyte EVs of
SHR and WKY rats (Fig. 7). The results indicated that
the target genes are enriched in ‘alpha-Linolenic acid
metabolism’, ‘Valine, leucine and isoleucine degra-
dation’,  ‘Sphingolipid metabolism’,  ‘Betalain

@ Springer
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from pericytes by use of Nanoparticle Tracking Analysis
(NTA). ¢, d Western blot identifies pericytes EVs by detecting
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biosynthesis’, ‘Ether lipid metabolism’, ‘Geraniol
degradation” and ‘Nicotinate and nicotinamide
metabolism’.

Discussion

In an era of precision medicine, it is critical to
determine biomarkers and targets for the diagnosis and
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pericytes EVs from WKY and SHR. a The percentage of small
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management of hypertension (Spijkers et al. 2011).
miRNAs are short non-coding RNAs that regulate
mRNAs in a post-transcriptional manner and its
deregulation could lead to metastasis and therapy
resistance (Hannafon et al. 2016). EVs, which contain
different types of proteins, lipids and miRNAs, can
travel throughout the body (Alipoor et al. 2019).
Increasing evidence has indicated that exosomal
miRNAs are promising biomarkers for clinical diag-
nosis (Liu et al. 2008, 2019). Our previous study
showed that brain microvascular pericytes play an
important role in the development of spontaneous
hypertension (Yuan et al. 2018). In this study, miRNA
expression profiling was performed on EVs from brain
microvascular pericytes of SHR and WKY rats.
Several EV miRNAs of brain microvascular peri-
cytes were found to be differentially expressed
between SHR and WKY rats and may be potential
biomarkers or therapeutic targets for hypertension.
miR-21, which is well known for its critical roles in the

SHR

19.58% § 0.18% "miRNA

"rRNA

" tRNA
snoRNA

®snRNA

¥ Other

SHR

showing the count of known miRNAs in WKY and SHR
pericytes EVs and the overlap count between two groups

development of hypertension (Sekar et al. 2017), was
found to be upregulated in EVs from brain microvas-
cular pericytes in SHR, compared with that of WKY
rats. miR-21 has been identified to perform a positive
function in mitochondrial translation, while it has been
shown to decrease blood pressure and suppress cardiac
hypertrophy in SHR (Cengiz et al. 2015; Li et al.
2016). Recently, Li et al. compared the expression of
miRNAs in plasma samples of patients with hyper-
tension with that of healthy controls (Chen et al. 2012).
Among the 27 miRNAs, 9 were found to be upregu-
lated and 18 were found to be downregulated, with let-
7e being upregulated 1.7 times, compared with that of
the control group (p < 0.01). Compared with endothe-
lial progenitor cells (EPCs), the expression level of let-
7e in circulating ECs was found to be higher than that
of the control group, which is consistent with the
expression trend found in plasma, but the change in
let-7e level in ECs was opposite to that of plasma. In
this study, we found that let-7a and let-7c was
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Table 1 Significant differentially expressed miRNAs in brain microvascular pericytes exosomes between WKY and SHR

No. miR_name Up/down Fold_change p-value WKY SHR
(SHR/WKY) (t_test) (TPM) (TPM)
1 mmu-mir-6240-p3_1ss19GT Down 0.03 0.000001 719 20
2 mmu-mir-6240-p3_1ss21GT Down 0.05 0.000001 1152 62
3 rno-miR-26a-5p Down 0.70 0.000115 5607 3910
4 mmu-mir-6236-p5_1ss25TC Down 0.11 0.000223 783 82
5 rno-let-7c-5p Up 1.40 0.000308 772 1084
6 rno-let-7a-5p_1ss19AG Up 1.40 0.000308 772 1084
7 PC-5p-1748_2894 Down 0.14 0.000308 1184 166
8 bta-miR-11980_R-1_1ss4CG Up 2.90 0.000371 139 403
9 mmu-mir-6236-p3_1ss4TC Down 0.01 0.000437 1829 19
10 mmu-mir-6236-p5_1ss4TC Down 0.01 0.000437 1829 19
11 PC-5p-1260_3962 Down 0.02 0.000461 920 19
12 rno-miR-122-5p_R-1 Up 2.26 0.000592 473 1070
13 PC-3p-88_34585 Down 0.63 0.000612 25,937 16,314
14 mmu-miR-2137_L-2R-1_1ss16AG Up 3.27 0.000702 85 277
15 PC-5p-6305_712 Up 1.82 0.000832 153 278
16 rno-miR-378a-3p_R+1 Up 1.64 0.001253 999 1639
17 mmu-mir-6240-p3_2 Down 0.07 0.001354 2010 148
18 mmu-mir-6240-p3_1 Down 0.07 0.001354 2010 148
19 mmu-mir-6240-p5_6 Down 0.07 0.001354 2010 148
20 mmu-mir-6240-p5_5 Down 0.07 0.001354 2010 148
21 mmu-mir-6240-p5_3 Down 0.11 0.001356 732 83
22 mmu-mir-6240-p5_2 Down 0.11 0.001356 732 83
23 mmu-mir-6240-p5_1 Down 0.11 0.001356 732 83
24 mmu-mir-6240-p5_4 Down 0.11 0.001356 732 83
25 mmu-mir-6240-p5_1ss10TG Down 0.35 0.001754 489 173
26 mmu-miR-2137_L-3_1ss16AG Up 2.56 0.001943 124 318
27 rno-miR-181a-5p Down 0.59 0.001970 686 401
28 bta-mir-2887-2-p5 Down 0.59 0.002334 3548 2091
29 mmu-mir-6240-p3_1ss16GT Down 0.12 0.003414 820 100
30 PC-3p-13973_249 Down 0.23 0.003514 133 31
31 hsa-mir-4451-p5_1ss12TA Down —inf 0.004169 3 0
32 PC-3p-44672_39 Down 0.06 0.004412 24 2
33 PC-3p-4070_1176 Down 0.17 0.004978 800 138
34 rno-miR-204-3p_R-1 Up 4.36 0.005086 22 96
35 PC-5p-12552_290 Down 0.11 0.005160 53 6
36 PC-3p-40094_47 Up inf 0.005476 0 26
37 rno-miR-21-5p Up 1.46 0.005503 3159 4617
38 rno-let-7b-5p Up 1.49 0.005721 818 1218
39 bta-miR-11980_R-2_1ss4CG Up 3.73 0.005937 118 441
40 rno-miR-871-3p_R+1 Up 10.94 0.005983 1 15
41 bta-miR-11980_L-1R-1_1ss4CG Up 4.11 0.006582 45 185
42 rno-miR-29a-3p_R-1 Down 0.73 0.007125 2735 1986
43 PC-3p-44971_38 Down 0.12 0.007308 22 3
44 rno-let-7i-5p Down 0.69 0.007853 1258 873
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Table 1 continued
No. miR_name Up/down Fold_change p-value WKY SHR
(SHR/WKY) (t_test) (TPM) (TPM)
45 mmu-mir-6240-p3_1ss2TA Down —inf 0.008084 3 0
46 ssc-mir-1285-p3 Down 0.65 0.008415 4128 2696
47 PC-3p-7950_534 Up 2.14 0.008523 156 333
48 rmo-miR-143-3p_1ss22AT Up 1.49 0.009006 1458 2172

upregulated and that let-7i was down-regulated in the
SHR group, suggesting that the mechanism by which
the let-7 family is involved in hypertension needs to be
further explored. These results together support the
suggestion that the miRNAs mentioned above in brain
microvascular pericytes are potential biomarkers or
potential therapeutic targets for hypertension.

GO enrichment analysis of the target genes of
significantly  differentially —expressed miRNAs
between brain microvascular pericytes EVs of SHR
and WHK rats showed that the genes are enriched in
biological processes and molecular functions, which
are consistent with the regulatory role of these
miRNAs in transcription and translation processes
(Liu et al. 2008). Hypertension is characterized by
numerous cell membrane abnormalities associated
with receptor characteristics, enzymatic activity and
transmembrane ion exchange (Spijkers et al. 2011),
which are interrelated with cellular signal transduction
(Murthy et al. 2017). These previous findings are
consistent with our findings, indicating that the target
genes are enriched in transport and signal transduc-
tion, and molecular functions, such as metal ion
binding, nucleotide binding and ATP binding. Alter-
ations in these biological processes and/or molecular
functions may play critical roles in the pathological
processes involved in the development of hyperten-
sion (Majzunova et al. 2013).

In addition, numerous enrichment pathways these
target genes are involved in were also identified
through KEGG analysis (Shen et al. 2010). Previous
reports have revealed that low levels of linoleic acid

and alpha-linolenic acid, and high levels of arachi-
donic acid in plasma phospholipids can decrease the
prevalence of hypertension (Tsukamoto and Sugawara
2018). An increasing number of reports have revealed
the critical roles of sphingolipids metabolism in the
pathogenesis of hypertension (Fenger et al. 2015). A
recent study proved that sphingolipids are key medi-
ators of cellular signal transduction, since they are can
regulate vascular contractility and growth (Borodzicz
et al. 2015). Spijkers et al. further proved that the
remarkable transformation in vascular sphingolipid
biology is associated with hypertension (Spijkers et al.
2011). Taken together, our results suggest that EVs in
brain microvascular pericytes might perform funda-
mental roles in hypertension via regulating these
pathways.

Conclusion

In this study, several EV miRNAs, such as miR-21-5p,
let-7c-5p and let-7a-5p, were found to be abnormally
expressed in brain microvascular pericyte EVs of
SHR, compared with that of WKY rats. GO and
KEGG enrichment analysis of the predicted target
genes of significantly differentially expressed miR-
NAs identified hypertension specific genes and sig-
naling pathways. We identified several potential novel
biomarkers or therapeutic targets that can be used for
the diagnosis and treatment of hypertension, deepen-
ing our understanding on the molecular mechanisms
involved in hypertension.
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Fig. 4 Heatmap of
differential miRNA
expression in brain
microvascular pericytes
EVs between WKY and
SHR
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Fig. 7 Top 20 KEGG
pathways regulated by the
target genes of significant
differentially expressed
miRNAs in brain
microvascular pericyte EVs
between SHR and WKY

Statistics of Pathway Enrichment
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