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Aneurysm is

Zhang et al.: Angiotensin II on Behavior of Thoracic Aortic Smooth Muscle Cells

At present, the effect of angiotensin II on the biological behavior of smooth muscle cells of thoracic aortic
aneurysm is not clear. In this study, thoracic aortic aneurysm rat model (thoracic aortic aneurysm model
group) was prepared by applying calcium chloride to blood vessels, and normal rats were taken as a sham
operation group (sham group), with 10 rats in each group. The changes of angiotensin II content in plasma
and left ventricular myocardial tissue were detected. Normal rat thoracic aortic smooth muscle cells were
extracted and divided into the control group, angiotensin II group (1 pg/ml angiotensin II), and angiotensin
II+angiotensin receptor blocker group (1x10-¢ mol/l candesartan+1 pg/ml angiotensin II). The cholecystokinin
cell counting kit-8, flow cytometry, Transwell chamber, scratch healing, and Western blot experiments were used
to detect cell proliferation, apoptosis, invasion, migration, and the expression changes of Janus kinase/signal
transducers and activators of transcription pathway-related proteins. The results showed that angiotensin
II content in left ventricular myocardium of thoracic aortic aneurysm group was higher than that of Sham
group (p<0.01). Compared with the control group, angiotensin II group showed increased cell proliferative
activity, number of invaded cells, mobility, and expression levels of Ras-related C3 botulinum toxin substrate
1, phosphorylated-Janus kinase 2, phosphorylated-signal transducers and activators of transcription 1, and
phosphorylated-signal transducers and activators of transcription 3 proteins, and decreased apoptosis rate
(p<0.05). Compared with the angiotensin II group, the cell proliferative activity, the number of invaded cells,
and mobility as well as the expression levels of Ras-related C3 botulinum toxin substrate 1, phosphorylated-
Janus kinase 2, phosphorylated-signal transducers and activators of transcription 1, and phosphorylated-
signal transducers and activators of transcription 3 proteins in the angiotensin II+angiotensin receptor blocker
group were decreased, and the apoptosis rate was increased (p<0.05). These results indicated that angiotensin
II could induce the proliferation, invasion, and migration of thoracic aortic aneurysm smooth muscle cells,
and promote apoptosis.

Key words: Thoracic aortic smooth muscle cells, angiotensin I, Janus Kkinase, signal transducers, aneurysm

the 2™ most common disease

and myosin light-chain kinase also lead to TAA

affecting the aorta. Approximately 26 000 out of
100 000 people die of aneurysm rupture every
yeart'l. The aorta progressively grows, and there
are no direct therapeutic drugs. The main treatment
methods include surgical resection or noninvasive
drug treatment. In recent years, the incidence
of Thoracic Aortic Aneurysm (TAA) has risen
yearly, and it is a disease of high-risk neoplastic
expansion caused by structural impairment and
weakened strength of the aortic wall®!, Mutations
in ACTA, which encodes filamentous protein A,

*Address for correspondence
E-mail: yan20047@163.com

March-April 2024

(461 Vascular smooth muscle cells are the main
cellular component that constitutes the vascular
wall structure and maintains vasotension. The
structural or functional changes in vascular smooth
muscle cells are the main pathological basis for
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the induction of hypertensive atherosclerosis,
restenosis after angioplasty, and aneurysm!”8]. In
normal and mature vascular tissues, smooth muscle
cells are in a quiescent state. Vascular injury causes
the abnormal proliferation of smooth muscle
cells®’. The proliferation, apoptosis, migration,
extracellular matrix synthesis, and phenotypic
transformation of vascular smooth muscle cells
play vital roles in vascular remodeling.

Angiotensin II (Ang II) is a factor that promotes
vascular smooth muscle cell phenotypic
transformation. It can effectively activate the
proliferation, migration, and secretion of cells!'?.
Ang II induces the proliferation, migration, and
serious reactions of vascular smooth muscle cells
and further induces pathological thickening. It was
also verified that Ang II induces cell hypertrophy
and programmed cell apoptosis. Furthermore, it is
involved in atherosclerosis, vascular and cardiac
remodeling!'l. Ang II receptors are divided into
several subtypes, including Ang II Type 1 Receptor
(AT1R), AT2R, AT3R, and AT4R. ATIR and
AT2R play a dominant rolel'?). Related research
demonstrates that the pathophysiological role of
Ang Il is mediated by AT1R and that the activation
of Ang II/AT1R engages in the proliferation and
migration of cells!'’l. Candesartan is an antagonist
of AT1R that has an antagonistic effect on Ang
II. The Janus Kinase (JAK)/Signal Transducer
and Activator of Transcription (STAT) signaling
pathway is the common pathway for most cytokines
and active substances to exert biological effects.
It engages in the proliferation and anti-apoptosis
processes of multiple cells!',

To explore the role of Ang II in the biological
behavior of thoracic aortic smooth muscle cells,
the change in Ang II content in TAA was first
analyzed. Then, the influence mechanism of
Ang II and its antagonist (candesartan) on the
proliferation, apoptosis, migration, and invasion
of the cells was studied in vitro. This research was
conducted to provide experimental materials for
the regulation of Ang I1- and candesartan-mediated
JAK/STAT signaling pathways and the biological
behavior of the cells.

MATERIALS AND METHODS

Materials:

The experimental materials included Ang I
(Sigma-Aldrich, United States of America (USA)),
male Sprague-Dawley (SD) rats (8~10 w old,
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300~400 g, Beijing Huafukang Biotechnology
Co., Ltd.,), pentobarbital sodium (Wuhan Jinnuo
Chemical Co., Ltd.,); Ang II content detection
kit (Beijing Furui Biotechnology Co., Ltd.,),
candesartan (Dalian Meilun  Biotechnology
Co., Ltd.), Dulbecco's Modified Eagle Medium
(DMEM)-F12 culture medium (Gibco, USA), fetal
calf serum, Annexin V-Fluorescein Isothiocyanate
(FITC)/Propidium lodide (PI) kit (Becton,
Dickinson and Company, USA), Cell Counting
Kit-8 (CCK-8) (Corning Incorporated, USA),
Transwell cellule, Radio-Immunoprecipitation
Assay (RIPA) lysis buffer (Shanghai Beyotime
Biotechnology  Co., Ltd.,), Polyvinylidene
Fluoride (PVDF) membrane, Bicinchoninic Acid
(BCA) concentration quantitative kit (BCA),
Enhanced Chemiluminescence (ECL), anti-Ras-
related C3 botulinum toxin substrate 1 (Rac-1),

anti-JAK2, anti-STAT1, anti-STAT3, and anti-
Glyceraldehyde  3-Phosphate = Dehydrogenase
(GAPDH) (Beijing Annoron Biotechnology

Co., Ltd.,). All experiments in this study were
conducted in strict accordance with the operating
rules for experimental animals and were approved
by the Ethics Committee of Shanghai 10™ people’s
hospital (No: 20211425).

Preparation of TAA animal models:

Twenty SD rats were randomly enrolled into the
sham and TAA groups (10 in each). Then, 0.4 % 40
mg/kg pentobarbital sodium (China Pharmaceutical
Group Shanghai Chemical Reagent Company) was
injected into the abdominal cavity for anesthesia.
After tracheotomy, endotracheal intubation and
fixation were performed on the rats in the TAA
group. Next, the Serine Palmitoyltransferase
(SPT)-ALC-VS8S small animal ventilator (Nanjing
Weimeite Scientific Instrument Co., Ltd., China)
was connected. Respiratory frequency, the ratio
of inspiration/expiration, and pressure support
were set as 100 times/min, 1:1.5, and 0.01
MPa, respectively. After that, thoracotomy was
performed at the 5™ intercostal space of the left
margin of the sternum, and the thoracic aorta was
fully exposed and dissociated for 1 cm. Next, the
tunica adventitia was covered with cotton gauze
soaked with 0.5 mol/l calcium chloride for 20 min.
After the blood vessel changed and apparently
dilated by 1.5 times, the cotton gauze was
removed, and then the thoracic cavity was rinsed
with physiological saline. Next, the ventilator
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was adjusted to promote left lung recruitment.
Moreover, the thoracic cavity drainage tube was
indwelled, venting was performed, and pleural
effusion was extracted. Next, the ventilator was
removed, the discharge in the respiratory tract was
cleared, and the respiratory tract and skin were
closed successively. After treatment, 10 000 U
penicillin was administered for anti-infection for
3 consecutive days. After tracheotomy, the skin
of rats in the sham group was sutured, and anti-
infection was carried out.

Detection of Ang II in plasma and left ventricular
myocardial tissue:

Then, 0.4 % 40 mg/kg pentobarbital sodium was
injected into the abdominal cavity for anesthesia.
Then, 3 ml arterial blood was extracted from
the abdominal cavity, and anticoagulation was
performed. After that, it was centrifuged at 4000
rpm/min for 20 min for serum acquisition. After
blood collection, pulpotomy was performed to
sacrifice the rats. Then, 500 mg of left ventricular
myocardial tissue was extracted, minced, and
homogenized. Next, it was centrifuged at low
temperature and 10 000 rpm/min for 20 min, after
that supernatant was removed. Aradioimmunoassay
was adopted to detect Ang Il content in serum and
left ventricular myocardial tissue using an Ang II
content detection kit.

Culture and grouping of thoracic aortic smooth
muscle cells:

SD rats (4 w old) were injected with 0.4 % 40 mg/
kg pentobarbital sodium through the abdominal
cavity for anesthesia. Then, pulpotomy was
performed to sacrifice them. After thoracotomy,
the thoracic aorta was dissociated along the aortic
arch and slit pores of the aorta. After that, it was
completely cut and placed in precooled phosphate
buffer. Next, blood vessels were cut into small
cubes of 1 mm? and then placed into a culture
flask. DMEM-F12 culture medium containing
10 % fetal calf serum and 1 % streptomycin was
added. Next, they were incubated for 4 hin a D180
incubator containing 5 % Carbon dioxide (CO,) at
a constant temperature and humidity of 37° (China,
Shenzhen RWD Life Technology Co., Ltd.,). The
culture flask was turned over, and the culture was
continued for 7 d after the tissue was covered with
the medium. After the flask bottom was filled
with cells, passage was carried out. The 3™ to 8™
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generations of thoracic aortic smooth muscle cells
were selected for subsequent tests. The cells were
counted, and the density was adjusted to 3x10°/ml.
Next, the cells were seeded into a 12-well plate,
and the culture was continued for 14 d. The culture
solution was changed every 3 d.

Thoracic aortic smooth muscle cells were seeded
into a 96-well plate (3x103/well) and divided into
3 groups (3 repeated wells in each). The cells
in the control group were routinely cultured in
DMEM-F12 culture medium containing 10 %
fetal calf serum and 1 % streptomycin. Based on
the above culture method, the cells in the Ang II
group were treated with 1 pg/ml Ang II, while
those in the Ang II+Angiotensin Receptor Blocker
(ARB) groups were first treated with 1x10° mol/l
candesartan and cultured for 24 h. After that, 1 pg/
ml Ang II was added.

Detection of proliferative activity by CCK-8:

Thoracic aortic smooth muscle cells were seeded
into a 96-well plate (3x10%/well) and divided into
3 groups (3 repeated wells in each). After that, a
CCK-8 kit was employed to detect proliferative
activity. Next, they were incubated at 37° for O h,
12 h, 24 h, 36 h, and 48 h. Then, 20 pul CCK-8
reagent was added to each well and cultured in the
incubator for 4 h. Finally, a multifunctional enzyme
marker was utilized to measure the absorbance
(Optical Density (OD)) of each well at 490 nm.

Detection of cell apoptosis by flow cytometry:

Thoracic aortic smooth muscle cells were enrolled
into different groups and then resuspended in
phosphate buffer. Then, 5 pl Annexin V-FITC
was added and mixed. Next, 5 ul PI was added,
mixed, and incubated at room temperature for 15
min. After 400 pl binding buffer was added to the
mixture, the mixture was immediately subjected
to the test machine, and apoptosis and necrosis
were detected using Attune CytPix flow cytometry
(Thermo Fisher Scientific, US). Finally, FlowlJo
7.6.1 (Becton, Dickinson & Company, USA) was
used to analyze and calculate the cell apoptosis
rate.

Detection of cell invasion by Transwell cellule
assay:

During passage, 100 pl of cell suspension was
added to the Transwell cellule, and thoracic aortic
smooth muscle cells were enrolled into different
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groups. The Transwell cellules in the control, Ang
11, and Ang II+AT1R groups were added to routine
culture medium, medium containing Ang II, and
medium containing Ang Il and AT1R. Then, they
were routinely cultured for 6 h. Next, Transwell
cellules were extracted, and the original medium
was eliminated. After that, the cells were rinsed
with aseptic phosphate buffer and then fixed with
polyformaldehyde solution for 10 min. After air
drying, the cells were stained with crystal violet,
and the upper nonmigrating cells were slightly
swabbed with a sterile cotton swab. After they
were rinsed with phosphate buffer, they were
observed under an E100 light microscope (Nikon,
Japan) and then photographed for counting.

Detection of cell migration by scratch healing:

Thoracic aortic smooth muscle cells were seeded
into a 6-well plate. Once confluence reached 90 %,
a 100 pl sterilization probe was employed to line
the bottom of the petri dish. Then, the cells were
rinsed with phosphate buffer and grouped. Scratch
healing was observed at 0 h and 24 h during the
culture, and the cell migration rate was calculated
based on equation.

Cell migration rate=(scratch width at 0 h-scratch
width at 24 h)/scratch width at 0 hx100 %

Detection of protein levels by Western blot:

Thoracic aortic smooth muscle cells were grouped
and collected after 24 h. Then, RIPA buffer was
added for the extraction of total protein. The BCA
method was adopted to detect the concentration of
extracted total protein. In addition, an appropriate
amount of separation and spacer gel was prepared,
and then Sodium Dodecyl Sulphate (SDS)
polyacrylamide gel electrophoresis was performed
to separate target proteins. Next, protein bands
were cut and transferred to a PVDF membrane.
After that, they were placed in the confining
liquid containing 5 % skimmed milk powder and
sealed at room temperature for 2 h. Then, Rac-
1, p-JAK2, p-STATI1, p-STAT3, and GAPDH
(working concentration 1:300) primary antibodies
were added and incubated at 4° overnight.
After that, horseradish peroxidase-conjugated
Immunoglobulin G (IgG) secondary antibody
(working concentration 1:2000) was added and
incubated at room temperature for 2 h. Next, ECL
reagent was utilized for color rendering of protein
bands, and they were developed and photographed
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in a Bio-5000 Plus gel imaging system (Bio-Rad,
USA). Finally, the relative expression of target
proteins was analyzed with ImageJ (National
Institutes of Health, USA).

Statistical processing:

Statistical Package for the Social Sciences (SPSS)
19.0 (IBM company USA) was employed for data
analysis and processing. All experimental data
were denoted by the meantstandard deviation
(X%s). One-factor analysis of variance was carried
out for the differences among several groups,
and pairwise comparison was performed on the
data that conformed to homogeneity of variance
using the Least Significant Difference (LSD) test.
p<0.05 and p<0.01 revealed suggested significant
and extremely significant statistical significance.

RESULTS AND DISCUSSION

A radioimmunoassay was used to detect the
difference in Ang Il content in plasma and left
ventricular myocardial tissue of rats between the
sham operation group and the TAA model, and
the results are shown in fig. 1. Compared with the
sham operation group, there was no significant
difference in the plasma Ang II content of rats
with TAA (p>0.05) (fig. 1A). Compared with the
sham operation group, the Ang II content in the
left ventricular myocardial tissue of rats with TAA
was increased significantly (p<0.01) (fig. 1B).

The thoracic aorta was cultured with tissue mass
method, and primary thoracic aortic vascular
smooth muscle cells were identified by a2-actin.
The results showed that a2 actin was positive
in thoracic aortic vascular smooth muscle cells.
Under the inverted microscope, the passaged
thoracic aortic vascular smooth muscle cells
showed typical “peak-and-valley” like growth. The
CCK-8 method was used to detect and compare the
effects of Ang II and its receptor antagonists on
the proliferation of thoracic aortic vascular smooth
muscle cells, and the results are shown in fig. 2.
The OD values of the control, Ang II, and Ang
I[I+ARB groups gradually increased as the culture
progressed. Compared with that in the control
group, the OD value apparently rose at 24 h and 36
h (p<0.05) and dramatically rose at 48 h (p<0.01)
in the Ang II group. Compared with that in the Ang
II group, the OD value notably increased at 24 h,
36 h, and 48 h in the Ang I[+ARB group (p<0.05).
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After apoptosis was detected by flow cytometry,
the flow cytometry image was divided into four
phenomena, namely, LL, UL, UR, and LR, where
LL represented normal cells, UL represented
necrotic cells, UR represented late apoptotic cells,
and LR represented early apoptotic cells. In this
study, early apoptosis, late apoptosis and total
apoptosis (early apoptosistlate apoptosis) were
selected to compare the apoptosis rates, and the
results are shown in fig. 3 and fig. 4. The early,
late, and total apoptosis rates of the cells in the
Ang II groups were dramatically lower than those
in the control group (p<0.01). Compared with
those in the Ang II group, the early, late, and total
apoptosis rates of the cells dramatically increased
in the Ang [I+ARB group (p<0.01).

The Transwell chamber test was used to detect
and compare the effects of Ang Il and its receptor
antagonists on the invasion and mobility of
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thoracic aortic vascular smooth muscle cells,
and the results are shown in fig. 5. The number
of invasive cells and migration rate dramatically
increased in the Ang II group compared with the
control group (p<0.01). Compared with those in
the Ang II group, the number of invasive cells and
migration rate were dramatically lower in the Ang
II+ARB group (p<0.01).

Western blot assays were used to detect and
compare the effects of Ang II and its receptor
antagonists on the expression levels of the JAK/
STAT signaling pathway-related proteins Rac-
1, p-JAK2, p-STAT1, and p-STAT3 in thoracic
aortic vascular smooth muscle cells. The results
are shown in fig. 6. The relative levels of Rac-
1, p-JAK2, p-STAT1, and p-STAT3 dramatically
increased in the Ang Il group compared with the
control group (p<0.05). Compared with those in
the Ang II group, the relative levels of the above
proteins were dramatically lower in the Ang
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Fig. 1: Comparison of Ang II contents in plasma and left ventricular myocardial tissues among rats in the sham and TAA groups
(n=10), (A): Ang II contents in plasma and (B): Ang II content in left ventricular myocardial tissues

Note: **p<0.01
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Time (h)
Fig. 2: Impacts of Ang II and its antagonist on the proliferation of thoracic aortic smooth muscle cells (n=3)
Notes: The differences from the control group were *p<0.05 and **p<0.01, and the differences from the Ang II group were “p<0.05,
(—e—): Control; (—#--): Ang II and (E3Ed): Ang II+ARB
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Notes: Compared with the control group, **p<0.01 and compared with the Ang II group, #p<0.01

II+ARB group (p<0.01).

The diameter of the thoracic aorta with TAA is 1.5
times as long as that of the normal thoracic aortal's.
TAA is a high-risk disease that is pathologically
based on local dilatation of thoracic arterial vessels
due to dysplasia. TAA results from hypertension,
atherosclerosis, or viral infection!!s!"l, At present,
the methods for constructing aneurysm models
mainly include trypsin intraluminal injection,
thinning of the vascular middle layer, balloon
dilatation, surgical insertion of blood vessels, and
vascular patch method. However, these operations
are complex, and abdominal aortic aneurysm
is the main aneurysm!*!"”), In recent years,
some researchers have pointed out that calcium
chloride external application to blood vessels
is effective for TAA animal models, and it has a
good effect in simulating the formation of human
aneurysmsi?’). Therefore, in this study, the rats
were used as experimental animals, and the TAA
animal model was prepared by applying calcium
chloride to the blood vessels to investigate the
role of Ang II in the biological behavior of aortic
smooth muscle cells of TAA. The proliferation
and migration of arterial smooth muscle cells
are the initiating factors for angioproliferative
diseases, and smooth muscle cells have become
key target cells for the prevention and treatment of
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cardiovascular diseases. Myocardial endogenous
Ang Il is an essential effector that induces
myocardial hypertrophy and cardiac fibrosis?!.
According to related research, Ang II regulates the
apoptosis, proliferation, and migration of cells and
leads to the deposition of extracellular collagen
interstitium at different periods???¥. Moreover,
Ang II plays a vital role in maintaining normal
functions and structural integrity of the vessel
wall. The research findings suggested that Ang II
content was apparently higher in left ventricular
myocardial tissue among TAA rats than among
normal rats. The results suggested that TAA
caused the increase of Ang Il content in the left
ventricular myocardial tissue of rats, indicating
that there might be a correlation between Ang II
content and TAA. Ang II is the key vasoactive
substance in the renin-Ang system, and it maintains
the stability of cardiovascular functions*. Ang II-
mediated vascular inflammatory reactions could
link the interaction between hypertension and
other cardiovascular diseases and are involved in
the progression of cardiovascular diseases through
multiple mechanisms.

Thoracic arterial smooth muscle cells are involved in
TAA progression, and their excessive proliferation
causes dysplasia of arterial vessels and induces
TAAP3, Tt was found that 1 ug/ml Ang I induced
the proliferative activity of thoracic arterial smooth
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muscle cells and promoted cell invasion and
migration, which was consistent with the findings
of Zhang et al.**). They showed that Ang II could
induce the proliferation, migration, and invasion
of the cells. Ang II exerts its physiological effect
mainly by combining AT1R with AT2R. Moreover,
it can activate AT IR and enable it to promote tumor
growth and metastasis??’l. AT2R activation leads
to vasodilatation and programmed cell death and
suppresses cell proliferation?®). ATIR antagonist
suppressed angiogenesis and vascular metastasis
in tumors. According to the research findings, the
proliferative activity, invasion, and migration of
Ang Il-induced thoracic arterial smooth muscle
cells were apparently inhibited after candesartan
was added. It was demonstrated that Ang Il engaged
in the proliferation, invasion, and migration of the
cells by regulating AT1R levels.

The JAK/STAT pathway is mainly composed
of the tyrosine kinase-associated receptor,
tyrosine kinase JAK, and its production effector
transcription factor STAT, which is highly
conserved in the process of cell proliferation
and blood production. The pathway is regulated
by a large number of internal and environmental
stimuli, which can increase the plasticity of cell
or tissue responses. The JAK/STAT pathway
mediates almost all immune responses and is also
capable of promoting tumor cell survival, immune
escape, and persistent inflammatory responses?’..
The cytokine effect mediated by the JAK/STAT
pathway cannot only mediate the interferon
effect of the antiviral/antiproliferative agent but
also mediate the effects of erythropoietin for
the treatment of anemia, thrombopoietin for the
treatment of thrombocytopenia, and Granulocyte
Colony-Stimulating Factor (G-CSF) for the
treatment of neutropenial®’’. At present, it has
been confirmed that the JAK/STAT pathway is
closely related to hematological diseases such as
polycythemia, thrombocytosis, and leukemia, as
well as autoimmune diseases such as rheumatoid
arthritis, lupus erythematosus, and mandatory
spondylitisP!l, Rabkin et al.B¥ indicated that
Matrix Metalloproteinases (MMPs) were related to
the pathogenesis of aortic aneurysm, while MMPs
could activate JAK/STAT signaling pathways and
thus reduce the related components in the aortic
wall, resulting in the ineffective maintenance
of aortic size, vascular dilation and aneurysm
formation. The research findings demonstrated
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that Ang II inhibited the apoptosis of thoracic
arterial smooth muscle cells and promoted Rac-
1, p-JAK2, p-STATI1, and p-STAT3, which was
consistent with the conclusion drawn by Ruwhof
et al.’¥. They showed that the phosphorylation
level of JAK/STAT rose in myocardial cells after
Ang II stimulation. The above research findings
revealed that Ang II induced smooth muscle cells
by regulating JAK/STAT signal transduction. In
addition, it was found that the levels of Rac-1,
p-JAK2, p-STAT1, and p-STAT3 were lower after
candesartan was added. Hence, AT1R antagonists
could activate downstream signaling pathways by
inhibiting Ang II for the effective treatment of
cell proliferation, hypertrophy, and cardiovascular
remodeling.

Based on TAA animal model, the role of Ang II
in the biological behavior of aortic smooth muscle
cells of TAA was explored, and it was found that
Ang II levels abnormally increase in TAA, and
Ang II can induce the proliferation, invasion, and
migration of thoracic arterial smooth muscle cells
and suppress their apoptosis. Candesartan, known
as an ATIR antagonist, could inhibit the signal
transduction of JAK/STAT pathways. Furthermore,
it inhibited the proliferation, invasion, and
migration of the cells and promoted apoptosis.
In subsequent research, TAA rat models should
be prepared to analyze the mechanism of ATIR
and AT2R antagonists in the progression of TAA.
The research findings provided references for the
search for therapeutic targets and the formulation
of treatment plans for TAA.
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