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Deletion of ACTA2 in mice promotes angiotensin Il induced
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Background: Mutation of the ACTA2 (0-2 smooth muscle actin) gene accounts for ~15% of all cases of
familial thoracic aortic aneurysms and dissections. Surprisingly, no severe vascular phenotypes were observed
at baseline in mice carrying this gene mutation. Our aim was to explore whether mutation of ACTA2
promotes the development of aneurysms or dissections in the presence of angiotensin II (AnglII) and to
determine whether this mutation has an impact on the phenotypic modulation and apoptosis mediated by
AngII in vascular smooth muscle cells (VSMCs).

Methods: Mice were divided into three groups: AnglIl stimulated-wild-type (WT) (AngIl) and ACTA2™"
mice (ACTA2) group, in which Angll were administered subcutaneously into 8-week-old C57 mice and
ACTA2™" mice, respectively, for 4 weeks using osmotic minipumps, and the control group (WT), in which
the WT mice were infused with normal saline (NS). Ultrasound was performed to quantify lumen diameters.
RT-qPCR and Western blot were used to assess gene expression, and histobiochemistry was used to evaluate
the pathological changes in the thoracoabdominal aortas. TUNEL was used to assess apoptosis in VSMCs.
Results: Compared with the AngII- group, the ACTA2 mice exhibited more severity of dilated lumena
of the aortas, a significantly increased expression of osteopontin (OPN), an elevated ratio of Bax/Bcl-2,
increased apoptosis, and a decreased expression of a-smooth muscle actin (a-SMA).

Conclusions: Knockout of ACTA2 promoted Angll induced progressive lumen dilation of the aortas,
apoptosis, and the phenotypic modulation in VSMCs in mice.
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Introduction the gene ACTA2 (0-2 smooth muscle actin). To date, more

Aortic aneurysms and dissections have a high morbidity than 40 mutations in ACTA2 have been found and these

and mortality worldwide (1,2). The most prevalent genetic mutations account for ~15% of aneurysms and dissections
cause of familial thoracic aortic aneurysms and dissections is diagnosed in clinics (3-5). However, mouse models that
the mutation in vascular smooth muscle a-actin encoded by either involve the deletion of ACTA2 (ACTA2™") or the use
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Table 1 Primary antibody and secondary antibody
Antibody

Company

Bax rabbit mAb America Cell Signaling Company

Bcl-2 (D17C4) rabbit mAb America Cell Signaling Company
Rabbit anti-a-SMA antibody America Genetex Company
Rabbit anti-OPN antibody =~ America Abcam Company
Rabbit anti mouse IgG/HRP  Tianjin Sanjian Company

Rabbit/mouse anti-CD68
antibody

Wuhan Doctoral Company

a-SMA, a-smooth muscle actin; OPN, osteopontin; HRP, horse-
radish peroxidase.

of a point mutation on the Myh11 gene (Myh11*¥<¥¢)
do not develop any discernable vascular phenotype at
baseline (6).

We hypothesized that ACTA2 is involved in the
pathogenesis of aortic aneurysms and dissections in mice,
in response to stressors. In the present study, we used an
ACTA2 loss of function mouse model and investigated the
role of ACTA?2 in the development of aortic aneurysms
and dissections in the presence of angiotensin II (Angll), a
chemical that is widely used to induce aortic aneurysms and
dissections in mice (Curr Pharm Des 2015;21:4049-60).

Methods
Animal models

All animal procedures were approved by the Committee
Tongji Medical College, Huazhong University of Science
and Technology (ethical card: IACUC No.: 630). A mouse
germline ACTA2 mutation was generated in a mixed
CS57BL/6] background in Cyagen Biosciences of Guangdong.
All mice were maintained in a pathogen-free environment
and had free access to water and normal laboratory diet.
Male wild-type (WT) and homozygous ACTA2 mutant
(ACTA2™") mice were divided into three groups at 8 weeks of
age (10 mice per group): Angll- stimulated WT (ANgII) and
AnglI stimulated ACTA2”" (ACTA2) groups, in which mice
were infused with AnglI (1,000 ng/kg/min), respectively,
for 4 weeks using osmotic minipumps, and the control
group (WT), in which normal saline (NS) was infused into
WT mice (NS group). Infusion was performed using Alzet
osmotic pumps (model 2004, Durect Corp; Cupertino, CA,
USA), which were implanted subcutaneously on the right
flank through an incision of the scapular region.
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Ultrasound imaging

On day 14 of Angll or NS infusion, abdominal aortas of
all mice were scanned by high-frequency ultrasound (Vevo
2100, Visual Sonics, Toronto, Canada), and aortic lumen
diameters were measured as an index of vascular expansion.

Tissue extract

The thoracoabdominal aorta from the mice that died
suddenly during the course of the experiment were
collected and analyzed for gene expression and histology.
In all other mice, infusion of AngIl or NS was performed
for 28 days. Following this, the mice were sacrificed and the
thoracoabdominal aortas were collected for gene expression
and histological analysis.

Western blot

Twenty-five micrograms of total protein purified was
resolved from the thoracoabdominal aorta using SDS-
PAGE. The purified protein was then transferred onto a
polyvinylidene fluoride (PVDF) membrane. The membrane
was probed with the primary antibodies of interest and
secondary anti-rabbit-HRP (7able 1). Specific protein bands
were detected using ECL (Beyotime Biotechnology).

Real-time polymerase chain reaction (PCR)

The tissues were homogenized in Trizol (Invitrogen) and
subjected to total RNA purification. Reverse transcription
(RT) reactions were performed using the RT Master Mix
system (ABM Inc., New York, USA). Real-time PCR
was carried out using SYBR Green PCR mix (ABM Inc.,
New York, USA). Reactions were run in triplicate for
three independent experiments. The expression level of
the housekeeping gene GAPDH was used as an internal
control. Expression data was normalized to that of GAPDH
and analyzed by the quantitation-comparative C; settings.
The sequences of the primers that were used in this study
are listed in Table 2.

Histology

Arterial segments were fixed in 10% paraformaldehyde and
stored in 70% ethanol until all specimens were embedded
in paraffin and sectioned. Standard hematoxylin & eosin
(H&E), Verhoeff-Van Gieson (VVGQG), and Masson’s stains
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Table 2 Primer sequences of PCR
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Molecule Primer Base sequence Base number

ACTA2 M-Acta2-F CGAAACCACCTATAACAGCATCA 181
M-Acta2-R GCGTTCTGGAGGGGCAAT

Actin M-actin-F CTGAGAGGGAAATCGTGCGT 208
M-actin-R CCACAGGATTCCATACCCAAGA

PCR, polymerase chain reaction; ACTA2, smooth muscle actin alpha 2.

were used to assess the changes in cell morphology and the
organization of extracellular constituents such as the elastic
laminae, collagen fibers, and vascular smooth muscle cells
(VSMC). Tunnel stain was used to evaluate the apoptosis of
the aortic VSMCs. A microscope (BA310, Motic) equipped
with an Olympus DP70 digital camera was used to acquire
images of the stained aortic cross sections using a consistent
setting.

Statistical analysis

Data are expressed as mean + standard error of the means
(SEM). Student’s  tests or nonparametric tests were used
to analyze the significance of the differences in the data
between the groups. Statistical analyses were performed
using GraphPad Prism, and P<0.05 was considered to be
statistically significant.

Results

Increased Angll induced progressive lumen dilation in the
ACTA2"" mouse aorta

One ACTA2”" mouse died on day 17 of the experiment, in
response to Angll stimulation. On average, the aortas from
ACTA2™" mice had significantly larger inner diameters than
those from Angll stimulated WT mice (n=10, P<0.05). As
expected, the aorta of Angll treated mice were significantly
more dilated than those of the WT mice (n=10, P<0.01;
Figure 1).

Increased OPN expression and decreased a-smooth muscle
actin (a-SMA) expression in the Angll-treated ACTA2™"
mouse aortic wall

The expression levels of OPN and a-SMA in the mouse
aortic wall tissue from WT, Angll stimulated WT (AnglI)
and ACTA2™" mice (ACTA2) were evaluated by Western
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blot. As displayed in Figure 2, in ACTA2”" aortic walls, the
OPN expression was increased and o-SMA was decreased
compared to the levels of expression in the other two
groups (Figure 2). The expression levels of a-SMA were also
evaluated using RT-PCR (Figure 3). There was a significant
difference in the expression levels of 0-SMA between the
AnglI and the ACTA2 group (0.86+0.07 vs. 0.46+0.02,
P<0.01) as well as between the WT and the AnglI groups
(1.39£0.11 vs. 0.86+0.07, P<0.05). These findings suggest
that, in the ACTA2 knockout, there was a phenotypic
modulation in VSMCs from the contractile phenotype to
the secreting phenotype.

ACTA?2 deficiency rendered aortic SMC susceptible to
apoptosis

We first evaluated the expression of Bax and Be-2 by
Western blot. Both of these proteins mediate apoptosis
(Figure 4A4). Mice in the Angll group had increased Bax
expression and decreased Bcl-2 expression compared with
the expression in the WT mice (n=3, P<0.05). Conversely,
the expression level of these two genes were similar between
the WT group and the NS group (n=3, P<0.001). Apoptosis
was evaluated by TUNEL staining. As shown in Figure 4B
and 4C, the aorta of ACTA2 mice had more apoptotic cells
than the aorta of the Angll or WT mice (n=6, P<0.05). As
expected, the level of apoptotic cells in the aortas of Angll
mice was higher than that of the WT mice (n=6, P<0.01).
These findings revealed that ACTA2 deficiency renders
aortic SMC susceptible to apoptosis, at least partially
through mediating the expression levels of Bax and Bcl-2.

Angll stimulated ACTA2™" mice had increased collagen
fiber level and decreased elastin level and integrity in the
aortic walls

We next examined aortic collagen deposition and elastin
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Figure 1 ACTA2”" mice heightened AngII induced progressive
lumen dilation of the aortas. Data are expressed as mean + SEM.
N=10 per group. *, P<0.05; **, P<0.01. Angll, angiotensin II; W',
wild-type; ACTA2, smooth muscle actin alpha 2; SEM, standard

error of the mean.
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Figure 3 a-SMA mRNA was significantly decreased in Angll
stimulated ACTA2”" mouse aorta. Real-time PCR was performed
as described in materials and methods. Data are expressed as
the mean + SEM. n=3 per group. *, P<0.05; **, P<0.01. AnglI,
angiotensin II; WT, wild-type; ACTA2, smooth muscle actin
alpha 2; 0-SMA, a-smooth muscle actin; PCR, polymerase chain

reaction; SEM, standard error of the mean.
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Figure 2 Increased OPN expression and decreased a-SMA expression in Angll-treated ACTA2”" mouse aortic wall. Western blot was
performed for a-SMA (A) and OPN (B) on protein lysates purified from aorta of mice from WT, AngIl and ACTA2™" group. Data are
expressed as the mean = SEM. n=3 in each group. *, P<0.05; **, P<0.01. OPN, osteopontin; a-SMA, a-smooth muscle actin; AnglII,
angiotensin IT; W, wild-type; ACTA2, smooth muscle actin alpha 2; SEM, standard error of the mean.
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Figure 4 ACTA2 deficiency rendered aortic SMC susceptible to apoptosis. The expression levels of Bax and Bcl-2 were assessed by western

blot (A); apoptosis was evaluated by TUNEL stain (B,C). Data are expressed as mean + SEM. N=3 per group. The meaning of Bax/Bcl-
2 increasing is that Apoptosis increases. *, P<0.05; **, P<0.01. SMC, smooth muscle cell; Angll, angiotensin II; WT, wild-type; ACTA2,

smooth muscle actin alpha 2; SEM, standard error of the mean.

expression in the aortic walls of WT, Angll, and ACTA2
mice by H & E, VVG, and Masson’s staining. As shown
in Figure 5, in the Angll and ACTA2 mice more elastic
laminae thickening and aortic ruptures were observed than
in the WT mice, with the thickest laminae being observed
in the ACTA2 mice. Additionally, the order of the collagen
fiber levels in the aorta walls was as follows: ACTA2 > Angll
> WT.

Discussion

Infusion of mice with AnglI has been a very valuable model
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to aid in researching the pathogenesis and formation of
aortic aneurysms and dissections (7). Our study mainly used
this model to explore the role of ACTA?2 in the pathogenesis
of thoracic aortic aneurysms and dissections.

The tunica media of an artery consists mainly
of extracellular matrix (ECM) and VSMCs. Under
physiological conditions, both ECM and VSMCs contribute
to the elasticity and tensile strength of the tunica media to
maintain integrity and contractility of the aortic wall (8). In
the artery of aortic dissections, VSMCs exhibited increased
apoptosis (9), which was evidenced by the accumulation

of p53 in the cell nucleus of VSMCs and the higher

7 Thorac Dis 2018;10(8):4733-4740
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ACTA2

Figure 5 Angll stimulated ACTA2”" mice had increased collagen deposit and decreased elastin level and integrity in the aortic walls. (A) H

& E staining of aorta (bar, 25 pm); (B) VVG staining of aorta (bar, 25 pm); (C) Masson staining of aorta (bar, 25 pm); (D) images showing
aortic dissection of ACTA2”" mice, H & E staining of aorta (bar, 25 ym). VVG, Verhoeff-Van Gieson; H&E, hematoxylin and eosin; AnglT,
angiotensin IT; W, wild-type; ACTA2, smooth muscle actin alpha 2; SEM, standard error of the mean.

expression of gene BAX, which contributes to apoptosis
in the ECM (10). Increased VSMC apoptosis has been
demonstrated to be related to the expansion of the tunica
media of an artery, increased rupture of the elastic layer,
and abnormal deposition of ECM (11). In the present study,
we demonstrated that VSMC apoptosis in the aortic wall
in response to Angll stimulation was increased in ACTA2
mice. These findings indicate that VSMC apoptosis is
critical in the remodeling of the tunica media of an artery,
which may result in aortic aneurysms and dissections.

The phenotypes of VSMCs include the contractile
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and secreting phenotypes. A previous study investigating
Marfan syndrome using mouse models revealed
phenotypic modulation of VSMCs, i.e., a change from
the contractile type to the secreting type (12). Evidence
of this transformation was found in the myofilament
loss of VSMCs. In addition, the genes which encode
cytoskeleton and myofibril proteins were found to be
downregulated, thus promoting the formation of extensive
rough endoplasmic reticuli and grand Golgi complexes
(13-15). The decrease in the expression of cytoskeleton
and myofibril proteins hinders cell migration. The new

7 Thorac Dis 2018;10(8):4733-4740
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synthetic rough endoplasmic reticuli and grand Golgi
complexes cause the formation of excessive remodeling
substance of the aortic wall. Therefore, elucidation of the
mechanism of VSMC apoptosis and transformation of their
phenotype may be the key to identifying the pathogenesis
of thoracic aortic aneurysms and dissections.

Alpha-SMA is a significant marker of the contractile
phenotype of VSMCs (16), while OPN is a marker of
the secreting phenotype of VSMCs (17). In the present
study, we found that, in ACTA2”" mouse aorta, a-SMA
expression was decreased while OPN expression was
increased, suggestive of a phenotypic transformation from
the contractile to the secreting phenotype. Previous studies
have demonstrated that treatment of VSMCs with OPN
significantly increased the formation of autophagosomes,
the expression of autophagy-related genes, and cell death.
Furthermore, blocking the OPN signal, with an anti-OPN
antibody, markedly inhibited OPN-induced autophagy and
VSMC death (18). Taken together, the above observations
of the suppression of OPN activation suggest that this
may be a viable option for the treatment of thoracic aortic
aneurysms and dissections.

Most of the VSMCs in the normal vascular wall of an
aorta are contractile, which requires the elasticity of the
vascular wall. However, VSMCs may transform from
a contractile phenotype to a secreting phenotype after
vascular injury or if the vascular wall is struck forcibly.
Thereafter, VSMCs can secrete a large amount of ECM,
resulting in increased cell proliferation and migration.
Thus, the phenotypic modulation in VSMCs plays a
significant role in the repair of vascular injury. These same
cells may also release an important initial sign relating
to pathogenic changes. In addition, proliferative VSMCs
secrete a large amount of ECM, which eventually forms
atherosclerosis (19,20). Consistent with these reports,
we observed increased collagen deposition in the Angll
stimulated ACTA2”" mouse aorta, suggesting that
phenotypic modulation in VSMCs of the aortic wall may be
an important indicator for early atherosclerosis.

Previous studies have demonstrated increased apoptosis
in VSMCs in cases of aortic aneurysms compared with the
VSMC:s of a normal aorta (21,22). Additionally, an increased
ratio of Bax/Bcl-2 promotes apoptosis, while a decrease of
this ratio inhibits apoptosis (23). In agreement with these
observations, we found significantly increased apoptosis in
VSMC:s that were stimulated with Angll compared with
NS-treated VSMCs. Moreover, ACTA2 deletion further
exacerbated the Angll-triggered apoptosis. This increase
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in apoptosis coincided with an increased ratio of Bax/Bcl-2.
Thus, we believe that ACTA2 is involved in the mediation
of Angll induced apoptosis, at least in part through an
alteration in the expression of Bax and Bel-2.

Study limitations

The role of ACTA2 in the formation of thoracic aortic
aneurysms and dissections should be examined further in a
gain-of-function mouse model.

Conclusions

We report here that knockout of ACTA2 contributes to the
formation of thoracic aortic aneurysms and dissections in
the presence of Angll. Knockout of ACTA2 also enhances
phenotypic modulation and apoptosis mediated by AnglI
in VSMCs, which in turn makes the vascular wall more
vulnerable and may lead to vascular rupture. Our findings
suggest that the treatment of patients with ACTA2 gene
therapy may aid in preventing the formation of thoracic
aortic aneurysms and dissections. Thus, our observations
provide rationale for the targeting of ACTA2 as a
potential novel treatment of thoracic aortic aneurysms and
dissections.
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