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Effects of norepinephrine-induced activation of rat
vascular adventitial fibroblasts on proliferation and
migration of BMSCs involved in vascular remodeling
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Abstract. Vascular remodeling caused by vascular injury
such as hypertension and atherosclerosis is a complex process
involving a variety of cells and factors, and the mechanism
is unclear. A vascular injury model was simulated by adding
norepinephrine (NE) to culture medium of vascular adventitial
fibroblasts (AFs). NE induced activation and proliferation of
AFs. To investigate the association between the AFs activa-
tion and bone marrow mesenchymal stem cells (BMSCs)
differentiation in vascular remodeling. BMSCs were cultured
with supernatant of the AFs culture medium. BMSC differ-
entiation and migration were observed by immunostaining
and Transwell assay, respectively, while cell proliferation was
measured using the Cell Counting Kit-8. Expression levels
of smooth muscle actin (a-SMA), TGF-p1 and SMAD3 were
measured using western blot assay. The results indicated that
compared with those in the control group, in which BMSCs
were cultured in normal medium, expression levels of a-SMA,
TGF-p1 and SMAD3 in BMSCs cultured in medium supple-
mented with supernatant of AFs, increased significantly (all
P<0.05). Activated AFs induced the differentiation of BMSCs
into vascular smooth muscle-like cells and promoted prolifera-
tion and migration. AFs activated by NE may induce BMSCs
to participate in vascular remodeling. These findings may help
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design and develop new approaches and therapeutic strategies
for vascular injury to prevent pathological remodeling.

Introduction

At present, cardiovascular diseases are among the leading
causes of death worldwide. A growing body of evidence
indicates an association between stem progenitor cells and
vascular disease. Several studies indicated that the origin,
differentiation and abnormal function of stem/progenitor
cells may be key factors in the occurrence and development
of cardiovascular disease (1-3). Vascular wall remodeling
following vascular injury may contribute to a number of
cardiovascular diseases, including atherosclerosis, hyperten-
sion and restenosis following vascular reconstruction (4,5).
Past studies focused on vascular endothelial cells and vascular
smooth muscle cells (VSMCs), but more recently, the role of
the adventitia in vascular remodeling has attracted increasing
attention (6,7). Adventitial fibroblasts(AFs) are one of the
principal cells of the adventitia. Early atherosclerosis is results
in proliferation of adventitia rather than the intima and AFs
are activated and transformed into myofibroblasts, which
express a-smooth muscle actin (SMA) and migrate to the
subintima (8,9). Atherosclerosis is characterized by abundant
vasa vasorum in the adventitia; neo-proliferative vasa vasorum
develops in the adventitia of the arteries at an early stage (10).
Stem/progenitor cells from the adventitia of the arteries and
bone marrow-derived stem cells migrate into the intima via the
vasa vasorum to participate in vascular remodeling. AFs acti-
vated by vascular injury secrete large amounts of matrix and
collagen and abnormally express a number of adhesion factors
and cytokines, such as increased secretion of TGF-f1 (11,12),
some of which may contribute to stem cell mobilization and
homing (13,14).

Norepinephrine (NE) is a neurohumoral regulating
hormone belonging to the catecholamine family. It is mainly
released by sympathetic nerve endings as well as by the adrenal
medulla in small amounts to exert a strong vasoconstriction
effect that is primarily mediated through receptors. There are
mainly sympathetic nerve endings located in the adventitia.
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As aresult of increased NE release under sympathetic nervous
system activation, oxidative stress, infection injury and
changes in blood flow dynamics, smooth muscle cells and AFs
occur, resulting in vasoconstriction, increased blood pressure,
lumen stenosis and vascular remodeling (15,16).

In the present in vitro study, NE was added to cell culture
medium to activate AFs to differentiate into myoblasts, simu-
late the micro-environment of vascular injury, investigate if
differentiation and migration of bone marrow mesenchymal
stem cells (BMSCs) are associated with AFs activation and
examine the mechanism by which BMSCs participate in
vascular remodeling. The present results may provide novel
insight into the mechanisms of restenosis and atherosclerosis
development following vascular injury.

Materials and methods

Experimental animals. The Experimental Animal Center
of Binzhou Medical University (Yantai, China) provided 36
3-week-old male Sprague Dawley (SD) rats weighing 80-100 g.
The animals were housed in standard cages and maintained
under standard conditions at constant room temperature of
20-25°C, 40-70% humidity and 12/12-hlight/dark cycle, with
unrestricted access to food and water. For anesthesia, 3%
pentobarbital sodium (50 mg/kg body weight) was adminis-
tered intraperitoneally, and SD rats were sacrificed using CO,
inhalation, with a fill rate of 60% of the chamber volume/min.
Death was confirmed using lack of pulse, breathing, corneal
reflex, response to a firm toe pinch and graying of the mucous
membranes, which conformed to the Action against Medical
Accidents Guidelines for the Euthanasia of Animals: 2020
Edition (17). After SD rats were sacrificed, 75% alcohol
was used to disinfect them. Under aseptic conditions, bilat-
eral femurs and the thoracic aorta of rats were removed and
isolated. The present study was approved by the Animal
Ethics Committee of Binzhou Medical University (approval
no. 2020105;10 December 2020).

Culture and identification of BMSCs. Cell-adhesive screening
was used to isolate and culture BMSCs. The bone marrow
of the femur of 6 SD rats was rinsed with L-DMED culture
medium (Hangzhou Sijiqing Biological Engineering Materials
Co., Ltd.) using a 5 ml syringe, collected in a sterile centri-
fuge tube and centrifuged in 1,000 x g for 5 min at 4°C.
The supernatant was discarded and L-DMED was added
to the centrifuge tube with 15% fetal bovine serum (FBS;
cat. no. 11011-8611; Hangzhou Sijiging Biological Engineering
Materials Co., Ltd.) and cells were resuspended. The cell
concentration was adjusted to 4x10°/ml and transferred into
a culture flask. The culture medium was changed after 2 days
incubation at 37°C with 5% CO,, cells in suspension were
discarded and the culture was continued for further 2 days. In
the following 6 days, the medium was changed every 3 days.
Each day, an inverted phase contrast microscope (magnifica-
tion, x200; Olympus Corporation) was used to observe the
proliferation and morphology of the cells. The rapid prolifera-
tion of cells occurred due to adhesion to the petri dish bottom.
After reaching 70-80% confluence, cells were sub-cultured.
Flow cytometry assay (NovoCyte, Agilent; software version
no. FlowJo 10.8.1, BD company) was performed to analyze the

cells after they were sub-cultured for 2-3 generations. Cells
were collected, washed in cold PBS, centrifuged in 1,500 x g
for 5 min at 4°C and re-suspended in cold PBS. Flow cytom-
etry was used to analyze cells that were labeled with CDI105,
CD44, and CD34 antibodies (all 1:1,000; cat. nos. A02997-2,
A00052 and A00885-1, respectively; all Boster Biological
Technology).

Culture and identification of AFs. Under aseptic conditions,
the adventitia of the thoracic aorta of the rats was isolated
from the media and intima. The adventitia was then cut into
0.5-1 mm thick tissue pieces and cultured with complete
medium supplemented with 15% FBS. The primary culture
of AFs adopted the tissue block adherent culture method, in
which pieces were stored in a petri dish and cultivated in an
incubator for 2-3 days at 37°C. After being detached from
the tissue block, the cells started dividing and proliferating.
For 6-7 days, the cells were added to the bottom of the flask,
digested and sub-cultured using 0.08% trypsinase (Hangzhou
Sijiging Biological Engineering Materials Co., Ltd.), and the
culture medium was changed every other day. AFs at genera-
tion 2-3 and 70-80% confluence were sub-cultured in 6-well
plates filled with culture medium supplemented with 10% FBS
at a density of 1x10* cells/cm?. After washing three times with
PBS, fixing with 4% paraformaldehyde at room temperature
for 15 min, immunocytochemical staining was performed to
identify the AFs using 1:100 rabbit anti-Vimentin primary
antibody (cat. no. PB9359, Boster Biological Technology). The
cells in the plate were washed in PBS, and endogenous peroxi-
dase activities were blocked by 3% H,O, at room temperature
for 15 min. After washing with PBS three times, the plates
were blocked with goat serum at room temperature for 20 min.
Subsequently, the liquid was discarded and the plate dried. The
cells were incubated over night at 4°C with the primary antibody
followed by incubation with FITC-conjugated goat anti-rabbit
secondary antibody (1:3,000; cat. no. A0562, Beyotime
Institute of Biotechnology) for 30 min at 37°C. The immuno-
fluorescence was observed using a laser confocal microscope
(magnification, x200; FV3000; Olympus Corporation).

Culture of BMSCs in supernatant of the AFs. A vascular
injury model was simulated in vitro and BMSCs at generation
2-3 were co-cultured with the supernatant of the AFs culture
medium. L-DMED supplemented with 10% FBS was used as
a complete culture medium and maintained at 37°C with 5%
CO,. These conditions were used for all incubations. In Model
1, AFs were cultured for 2 days in complete culture medium
supplemented with NE (cat. no. N7960; Beijing Solarbio
Biological Technology) at a final concentration of 10 ng/ml.
Subsequently, the medium was replaced with a fresh complete
culture medium without NE. Cells were cultured for 1 day and
supernatant of the culture medium was collected. BMSCs were
cultured with supernatant for 6 days and the AFs supernatant
was changed every other day. In Model 2, AFs were cultured
for 2 days in complete culture medium without NE, followed
by 1 day in fresh complete culture medium and supernatant
collection. BMSCs were cultured with the AFs supernatant for
6 days and the supernatant was changed every other day. In the
control group, BMSCs were cultured for 6 days in complete
culture medium without the supernatant of AFs. The complete
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culture medium was changed every other day. An inverted
optical light microscope (magnification, x200) was used to
observe the morphological changes of BMSCs cultured in
AFs supernatant for 6 days. BMSCs from the three groups
were collected and washed with PBS to be used in subsequent
experiments

Immunofluorescence of BMSCs. BMSCs were fixed with
4% paraformaldehyde for 10 min at room temperature.
BMSC nuclei were stained with DAPI (0.02 g/I; Santa Cruz
Biotechnology, Inc.) overnight at 4°C and incubated with rabbit
anti-a-SMA, TGF-f1 and SMAD3 (1:200; cat. nos. AF0048,
AF0297 and AF1501, respectively; Beyotime Institute of
Biotechnology) primary antibodies at 37°C for 60 min,
followed by incubation with FITC- or Cy3-conjugated goat
anti-rabbit IgG (1:300; cat. no. A 0562, A0516; Beyotime
Institute of Biotechnology) secondary antibodies at 37°C for
60 min. Stained cells were observed under a laser confocal
microscope (magnification, x200; FV3000; Olympus
Corporation).

Western blot analysis. Total protein was extracted from
BMSC:s using ice-cold RIPA lysis buffer supplemented with
1 mM phenyl methane sulfonyl fluoride (Beyotime Institute
of Biotechnology). Total protein was quantified using the
Enhanced BCA Protein Assay kit (cat. no. PO006; Beyotime
Institute of Biotechnology) and 40 ug protein/lane was sepa-
rated by SDS-PAGE on 8-12% gel. The separated proteins
were transferred onto a polyvinylidene fluoride membrane
(EMD Millipore; Millipore Sigma) and blocked with 5%
skimmed milk for 15 min at room temperature. Membranes
were incubated with rabbit anti-a-SMA, anti-TGF-f1,
anti-SMAD3 and GAPDH (1:1,000; cat. nos. AF0048,
AF0297, AF1501 and AF1186, respectively; Beyotime
Institute of Biotechnology) primary antibodies at 4°C
overnight. Following primary incubation, membranes were
incubated with the horseradish peroxidase-conjugated goat
anti-rabbit IgG (1:3,000; cat. no. SA00001-2, Proteintech
Group, Inc.) secondary antibody at room temperature for 2 h.
The bands were visualized using Millipore Immobilon ECL
(Cat. No. WBKLSO0100, Millipore Sigma). Protein expres-
sion was quantified using Scion Image (version 1.8.0; Scion
Corporation) with GAPDH as the loading control.

Proliferation of BMSCs. BMSCs in the logarithmic growth
phase were seeded into 96-well plates at a density of
5x10° cells/well (100 pl/well). The cells were cultured at 37°C
with 5% CO, for 12,24, 36 and 48 h to ensure that they adhered
to the plate wall. Cell Counting Kit-8 (CCK-8) reagent (10 pl;
cat. no. c0037, Beyotime Institute of Biotechnology) was
added to each well and incubated for 4 h. A Bio-Tek microplate
reader (TecanGroup, Ltd.) was used to measure the absorbance
at 450 nm for the determination of BMSC proliferation.

Migration of BMSCs. Transwell plates with 8 ym pore
membranes were used to investigate the BMSC migration.
In Model 1, AFs were cultured in complete culture medium
with 10 ng/ml NE for 2 days, whereas in Model 2 the AFs
were cultured in the complete culture medium without NE for
2 days as afore mentioned The AFs in Model 1 and 2 were

then centrifuged in 1,500 x g for 5 min at 4°C and rinsed with
PBS solution and the AFs were added separately into the lower
chamber of the Transwell plate, while the upper chamber was
seeded with 2x10° cells/cm?. For the control group, BMSCs
(2x10° cells/cm?) were cultured in the upper chamber without
AFs in the lower chamber. BMSCs in the three groups were
cultured in the complete culture medium at 37°C with 5% CO,
for 6 days to observe morphological changes, proliferation and
migration under an inverted microscope. The membrane was
collected and the cells on the upper surface of the membrane
were removed with cotton swabs. The membrane was washed
with PBS and cells adhering to the membrane were fixed with
4% paraformaldehyde at room temperature for 15 min. BMSC
nuclei were stained with DAPI (0.02 mg/ml; cat. no. c1002;
Beyotime Institute of Biotechnology) overnight at 4°C and
rinsed five times with PBS to wash away the unbound DAPI.
Stained cells were observed in five randomly selected fields of
view under laser confocal microscopy (magnification, x100) to
measure the migration of BMSCs.

Statistical analysis. Data are presented as the mean + standard
error of six independent experimental repeats. The signifi-
cance of the differences was examined by one-way ANOVA
followed by Duncan's multiple range tests, Statistical analysis
was performed using SPSS20.0 (IBM Corp.) and GraphPad
Prism 6 (GraphPad Software; Dotmatics000.0). P<0.05 was
considered to indicate a statistically significant difference.

Results

Morphology and immunofluorescence of BMSCs. By using
the cell adherent screening method, BMSCs were isolated,
cultured and observed under an inverted microscope. After
3 days of culture, round monocytes adhered to the wall,
whereas hematopoietic stem cells did not adhere to the wall,
allowing them to be discarded in the exchange fluid of culture
medium. The primary culture of BMSCs showed a short shape
and mostly round and unextended. A few extended cells started
to appear and proliferate at 3-5 days. Cells were typically
spindle-shaped with 2-3 long protrusions, while a few cells
were polygonal and rod-shaped with large oblate nuclei and
1-2 nucleoli (Fig. 1A). Cells were sub-cultured after 5-6 days
of cell culture. In cell culture, cell morphology gradually
homogenized into long spindle shape, cells proliferated rapidly
and exhibited swirls (Fig. 1B). As soon as 2-3 generations of
BMSCs were obtained, flow cytometry analysis revealed that
the BMSCs were negative for CD34, while they were positive
for CD44 and CD105 (Fig. 1C). According to these findings,
cultured cells had morphological and immunophenotypical
characteristics similar to those of BMSCs.

Morphology and immunofluorescence of AFs. As observed
under an inverted microscope, AFs grew from the edge of the
vascular adventitial tissue block and divided 2-3 days later. The
primary cultured AFs also demonstrated adherent growth with
large and oblate nuclei (Fig. 2A). Under the microscope, the
adherent cells were irregular polygons or fusiform, growing
vigorously and overlapping in crista-like layers (Fig. 2B).
Fluorescence staining indicated that AFs cells were positive
for vimentin expression (Fig. 2C).
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Figure 1. Identification of cultured BMSCs and morphological characteristics. (A) Adhesion was observed on the petri dish of BMSCs in primary culture.
(B) BMSCs transformed into long, vortex-shaped spindles after 2-3 generations. (C) Flow cytometry results of the identification of BMSCs. The corresponding

positive cells accounted for 98.5, 98.7 and 0.2%. BMSC, bone marrow stem cell.
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Figure 2. Culture and identification of vascular adventitial fibroblasts. (A) Up on culturing vascular tissue fragments for 2-3 days, fibroblasts grew from
the edges of each fragment and primary cultured AFs were adherent in irregular polygonal shapes. (B) At generations 2-3, fibroblasts proliferated rapidly,
exhibiting strong growth and multilayer over lapping crest patterns. (C) Vimentin-positive AFs showed green fluorescence. AF, adventitial fibroblast.

Morphology and immunofluorescence identification of
BMSCs cultured in AF's supernatant. Induction and differenti-
ation of BMSCs were performed using cells at generations 2-3.
An inverted microscope was used to observe the morphology
of the cultured cells. After 6 days of BMSCs culture with
supernatant of AFs, the BMSCs had exhibited 70-80%
confluence in Models 1 and 2. BMSCs morphology had lost
the characteristic switls state, while some cells changed their
long spindle shape and exhibited an elliptical appearance.
There was no notable change in cell morphology in the control
group. A total of three groups of cell slides were prepared

for immunofluorescence staining. The cytoplasm expressing
a-SMA showed red fluorescence due to the Cy3-conjugated
second antibody goat anti-rabbit IgG, while positive expres-
sion of TGF-f1 and SMAD3 in the cytoplasm was indicated
by a green fluorescence due to the FITC-conjugated secondary
goat anti-rabbit IgG. Immunofluorescence showed that after
cell culture for 6 days, Model 1 exhibited the strongest staining
compared with that in model 2 and the Control group (Fig. 3A).

Western blot analysis. Western blotting was used to analyze
expression of a-SMA and TGF-B1/SMAD?3 signaling pathway
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Figure 3. Identification of BMSCs by immunofluorescence and western blotting. (A) Immunofluorescence staining of BMSCs in Model 1 (red, a-SMA; green,
TGF-B1 and SMAD3; blue, nuclei. (B) Protein expression of a-SMA, TGF-f1 and SMAD3 in BMSCs shown by the western blot analysis. (C) Quantification
of the western blot assay. Data are presented as the mean =+ standard deviation (n=6). “P<0.05 vs. control. “P<0.05 model 1 vs. model 2. (D) Proliferation of
BMSCs was significantly different among the three groups as assessed using the Cell Counting Kit-8 assay. BMSC, bone marrow stem cell; a-SMA, smooth

muscle actin; OD, optical density.

proteins in the BMSCs (Fig. 3B). Models 1 and 2 differed
significantly from the control (P<0.05). Compared with those
in the control group, the expression levels of a-SMA, TGF-f1
and SMAD3 in BMSCs in modelsl and 2 were increased
(P<0.05; Fig. 3C), with model 1 showing the highest increase.

Proliferation of BMSCs. The proliferation of BMSCs was
evaluated using the CCK-8 method. BMSCs from Model 1 and
2 were cultured with AFs supernatant for 12, 24, 36 and 48 h,
while BMSCs cultured in normal medium were used as the
control group (Fig. 3D). There were all have significant differ-
ences among the three groups of the proliferation of BMSCs
(P<0.05), and the Model 1showing the highest proliferation rate.

Migration of BMSCs. According to Transwell migration assay,
BMSCs migrated from the upper to the lower chamber through
the membrane in all three groups. BMSCs migration in Model
1 was significantly higher than that in Model 2 and Control
after 6 days of culture (P<0.05; Fig. 4A and B).

Discussion

At present, the incidence of cardiovascular diseases is
increasing globally, which accounts for a large proportion of
the global disease burden, nearly doubling from 271 million
in 1990 to 523 million in 2019, and the mortality rate is also
on the rise (18). Atherosclerosis is the most common cause
of cardiovascular disease, including intima injury, vascular
wall pathological remodeling and lumen stenosis (19,20). It is
hypothesized that cell proliferation in the intima and media
of arteries contributes to vascular remodeling, whereas the
adventitia of the arteries is not involved (21). It is hypothesized
that the adventitia provides only physical and nutritional
support to the vascular wall. In addition to being composed of
loose connective tissue, the adventitia is rich in vasa vasorum,
lymphatic vessels and adrenergic nerves and is surrounded by
perivascular adipose tissue (8). A previous study demonstrated
that various cells in the adventitia of the blood vessels, particu-
larly fibroblasts, have high metabolic activity (22). Secretion
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Figure 4. Migration and proliferation of BMSCs. (A) Fluorescence of
DAPI-labeled migrated BMSCs nuclei is shown in blue. Model 1 showed the
highest migration rate. (B) Number of BMSCs that migrated after 6 days of
culture. Data are presented as the mean + standard deviation (n=6). "P<0.05
vs. control. “P<0.05 Model 1 vs. Model 2. BMSC, bone marrow stem cell.

of numerous cytokines, enzymes and chemokines by AFs
following injury is increased compared with smooth muscle
cells. These cytokines, enzymes and chemokines, including
TGF-p1, monocyte chemotactic protein-1, interleukins,
TNF-a, endothelin-1 and matrix metallo proteinases, induce
an inflammatory response and vascular remodeling (23),
which may contribute to the mobilization of stem cells.
Previous studies have demonstrated that the source of vascular
remodeling of smooth muscle cells following vascular injury
is not only the cells of the vascular wall itself but some BMSCs
are also involved through adhesion differentiation (24,25).
Ni et al (26) reported that TGF-1 expression was increased
in neointimal lesion of transplanted angiogenesis, and TGF-f1
stimulated c-kit + cells to differentiate into smooth muscle
cells. It is hypothesized that proliferating smooth muscle cells
in damaged blood vessels are derived from stem/progenitor
cells that exist in situ within the vessel wall (3). A previous
study demonstrated MMPS8 secreted by macrophages
promotes the differentiation of vasculo membrane stem cells
into smooth muscle cells by TGF-f3 and expression of a-SMA
gene by binding the binding site of the smooth muscle cell
gene promoter through NOTCHI; moreover, vascular injury
disease is associated with neointimal hyperplasia caused by
differentiation of adventitial membrane stem cells into smooth
muscle cells (27). Another study showed that Dickkopf-3
induced the differentiation of Spinocerebellar ataxia type
1-positive vascular progenitor cells into smooth muscle cells
via the activation of TGF-f/activating transcription factor
6 and Wnt signaling pathways, leading to maintenance of
atherosclerotic plaque stability (28).

BMSCs are among the most studied mesenchymal stem
cells due to their relatively simple culture, fast proliferation,
high genetic stability, ability to multi-differentiate and low
immunogenicity (29). The primary pathological target cells for
vascular remodeling are VSMCs, although, some studies have

suggested that vascular stem/progenitor cells may contribute
to smooth muscle cell development in vascular remodeling
lesions (30). Due to their complexity, the origins of these
stem/progenitor cells and their inducer remains unclear;
therefore; discovering the key inducer of stem/progenitor
cells is important. According to a previous study, miR-503
promoted the mesenchymal stem cell differentiation induced
by TGF-p1 in a VSMC model by targeting SMAD7 (31). In
addition, miR-128 inhibited the differentiation of human hair
follicle mesenchymal dry cells into smooth muscle induced by
TGF-p1 by targeting SMAD2 (32).

Our previous study examined the interaction between
BMSCs and AFs to discover the mechanism of cell differ-
entiation and vascular remodeling (33). In response to
vascular injury, certain cytokines and chemokines mobilize
stem/progenitor cells into the local adhesion of the injury (34).
Among these, TGF-1 was shown to play a fundamental
role as it promoted cell proliferation, migration and stroma
secretion and was involved in vascular remodeling (35,36).
In the present study, NE was added to medium to activate
AFs, express 0-SMA, differentiate into myoblasts and secrete
increased TGF-B1 to simulate in vitro the micro-environment
of vascular injury. BMSCs were cultured with supernatant of
AFs to observe the effect on cell differentiation and migration.
After 2 days of culture, BMSCs showed increased expression
of a-SMA, TGF-f1 and SMAD3. According to these findings,
NE-induced activation of AFs during vascular injury induced
differentiation and migration of BMSCs and facilitated
differentiation into smooth muscle-like cells, likely through
the TGF-B1/Smad3 signaling pathway involved in vascular
remodeling.

An example of a classic neurotransmitter is NE.
Sympathetic and parasympathetic nerves are primarily distrib-
uted in the vascular adventitia. Catecholamines, such as NE,
are released from sympathetic nerve extremities and diffuse
or enter the bloodstream to act on VSMCs and endothelial
cells. As an a-and pB-receptor agonist, NE plays an impor-
tant role in the regulation of the cardiovascular system (37).
Sympathetic activity is directly associated with the plasma NE
levels and the severity of hypertension (38). The implementa-
tion of device-based therapeutic interventions to decrease
renal and systemic sympathetic activity is used to attenuate
hypertension in patients with resistant hypertension. This
technique aims to decrease renal sympathetic activation by the
destruction of renal sympathetic nerves located in the adven-
titia of the renal artery (39). A previous study demonstrated
that NE induces epithelial-mesenchymal transformation of
lung cancer cells and promotes invasion and metastasis of
lung cancer via the TGF-B1 signaling pathway (40). CD147
expression upregulated by stress hormone NE via the
[(-adrenergic/p-arrestinl/ERK1/2-selective promoter factor 1
pathway promotes secretion of MMP-2 and levels of extracel-
lular lactic acid, which accelerates invasion and metastasis of
glioma cells in vitro (41). NE is released from the sympathetic
ends of the heart and exerts its biological role by stimulating
cardiac adrenergic receptors (42). A recent study showed
that NE-induced activation of AFs of rats promoted AFs
phenotypical transformation and proliferation, which was
mediated by a-receptor (16,43). NE promotes AFs-derived
small extracellular vesicle release of angiotensin converting
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enzyme. miR-155-5p and miR-135a-5p, which were detected in
extracellular vesicles using reverse transcription-quantitative
PCR, were shown to be involved in adjusting VSMC prolifera-
tion in hypertension (16).

Sympathetic nerve endings, which are primarily located in
the arterial vascular adventitia, release NE. The sympathetic
nerves primarily innervate the adventitia of the artery but
rarely innervate the media of the artery (44). However, as a
key regulator in neurohumoral regulation, the roles of NE in
vascular adventitia remain unclear. To the best of our knowl-
edge, the present study is the first to use NE to promote the
activation of AFs, which induced differentiation and migration
of BMSC:s via the vascular remodeling process. This finding
suggested that inhibition of NE-induced activation may be a
potential therapeutic target for excessive sympathetic activa-
tion-associated vascular remodeling.

According to a previous study (45), early implementation
of certain interventions in the adventitia may delay or suspend
the process of atherosclerotic vascular remodeling. Adventitial
Scal+cells transduced with ETV2 are committed to the endo-
thelial fate and improve vascular remodeling following injury.
However, stem cell migration and differentiation are influenced
by several factors and are complex processes, such as smooth
muscle derived chemokines CCL2 and CXCLI induced vascular
stem/progenitor cell contributes to neointima formation (23). It
has been reported that DKK3 (Dikkopf-3) transdifferentiates
fibroblasts into functional endothelial cells (46). DKK3 alters
atherosclerotic plaque phenotype involving vascular progenitor
and fibroblast differentiation into smoot muscle (28). So on
the one hand, activated stem cells contribute to the repair of
damaged tissue; on the other hand, these cells may contribute to
vascular remodeling and aggravate atherosclerosis. Therefore,
it is essential to have a thorough understanding of the mecha-
nism of stem cell migration and differentiation in pathological
conditions to improve the understanding of the pathogenesis of
cardiovascular disease, discover new targets and provide novel
preventive strategies
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