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ARTICLE INFO ABSTRACT

Keywords: The pathogenesis of abdominal aortic aneurysm remains unclear. The aim of the present study was to establish

Abdominal aortic aneurysm whether isoleucyl-tRNA synthetase (Iars) regulates the differentiation and apoptosis of vascular smooth muscle

Tars cells (VSMCs) during the development of abdominal aortic aneurysm (AAA). In addition, the contribution of

Vascular smooth muscle cell various signaling pathways towards this process was ascertained. The study demonstrated that the expression of

gifKMAPK Iars, p-p38, osteopontin (OPN) and Bcl-2-associated X protein (Bax) clearly increased, while levels of p-PI3K and
smooth muscle 22 alpha (SM22a) decreased significantly in AAA tissues. Inhibition of Iars significantly reduced
the incidence of angiotensin II (AngID)-induced AAA in mice, coincident with decreased activity of the p38 MAPK
pathway and increased PI3K pathway activity. Angll-induced phenotypic switching and apoptosis of VSMCs
decreased following the inhibition of Iars in vitro. Upregulation of the IARS gene induced phenotypic switching
and apoptosis in VSMCs in addition to increased p38 MAPK pathway activation and reduced PI3K pathway
activation. Following pretreatment with an activator of the PI3K pathway, expression of Iars and the phenotypic
markers of VSMCs were not affected, while apoptosis of VSMCs decreased. Similarly, inhibition of the p38 MAPK
pathway in VSMCs did not affect the expression of Iars or the degree of cell apoptosis, but reduced phenotypic
switching was observed. Conclusively, upregulation of Iars regulates the phenotypic switching and apoptosis of
VSMCs. Targeting Iars may be a promising strategy to prevent abdominal aortic aneurysm.

have shown that there was phenotypic switching and apoptosis of
VSMCs during the formation of aortic aneurysm [3-6]. Previously, we
established that the p38 mitogen-activated protein kinase (MAPK)

1. Introduction

Abdominal aortic aneurysm (AAA) is a permanent, localized dila-

tion of the aorta, occurring in nearly 9% of adults older than 65 years of
age in the United States, leading to approximately 15,000 annual
deaths following rupture [1,2]. Despite decades of research into AAA,
there remains a paucity of fundamental understanding of the mechan-
isms that cause it or factors that block its progression. Thus, a critical
step in the development of novel pharmacologic therapies for AAA is
elucidation of the molecular basis for the disease.

Many researchers have established that vascular smooth muscle
cells (VSMCs) play an important role in the development of arterial
diseases because their function is to remodel the vascular wall. Studies

pathway is involved in the process of phenotypic switching in VSMCs
[5]. However, the mechanisms responsible for modulation of the p38
MAPK pathway and apoptosis of VSMCs remains unclear.

The classic function of aminoacyl-tRNA synthetases (AARSs) is
synthesis of proteins which specifically recognize the side chains and
tRNAs of amino acids, catalyzing the binding of specific amino acids to
specific tRNAs. This ensures that the genetic information carried by
individual mRNA strands is accurate, reflected in the amino acid se-
quence of that protein [7]. Recently, a number of AARSs have been
recognized as having involvement in other functions in addition to
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protein synthesis, such as immunity, angiogenesis, transcriptional reg-
ulation and apoptosis [8,9]. Isoleucyl-tRNA synthetase (Iars), a member
of the amino acid tRNA transport synthetase family which is encoded
by the IARS gene [10], has been reported to be responsible for hyper-
trophic cardiomyopathy and inhibit angiogenesis [11,12]. Our search
and analysis of the GEO database (GLP10787) found that mRNA ex-
pression of IARS in the aorta of patients with abdominal aortic an-
eurysm (AAA) was significantly greater than that of non-AAA patients
(Supplementary Fig. 1). An imbalance in aortic medial damage and
repair is an important characteristic of aortic disease. Whether Iars can
affect the occurrence of AAA by inhibiting the repair process of the
aortic wall has not been reported. In a preliminary experiment we
confirmed that the protein expression of Iars was greater in tissues
suffering AAA.

Herein, we wished to clarify whether Iars influenced the develop-
ment of AAA by regulation of the survival and differentiation of VSMCs,
and the signaling pathways involved in these processes.

2. Materials and methods
2.1. Immunohistochemistry (IHC)

All experimental protocols regarding human materials were con-
ducted according to the Declaration of Helsinki and were approved by
the ethical committee of Renmin Hospital of Wuhan University
(WDRY2015-K021). Pathological aortic tissues were obtained from
patients who had undergone abdominal aortic aneurysmectomy and
artificial blood vessel replacement. The normal aorta were derived from
organ donors who had no family history of aortic diseases and had no
previous history of cardiovascular diseases and long-term medication.
The baseline characteristics of the AAA patients and Aortic donors are
presented in Table 1. [HC was conducted as previously described [5].
The prepared slides were incubated with primary antibody overnight at
4°C, for detailed information on the use of primary antibodies, see
Supplementary Table 1. The stained slides were then incubated with
secondary antibody for 1h at 37°C and then developed with diami-
nobenzidine. Immunohistochemical analysis was conducted as pre-
viously described [13].

2.2. Western blotting (WB)

Aortic tissues were rinsed twice with PBS and proteins extracted
using ice-cold lysis buffer containing a 1% protease inhibitor (Sigma,
USA), as previously described [5]. Western blot assays were carried out
as previously described. Primary antibodies used in our work were as
follows: anti-Iars (Clone: ab229643; Abcam, dilution: 1:4000), anti-
PI3K (Clone: ab189403; Abcam, dilution: 1:500), anti-phospho-PI3K
(Clone: ab182651; Abcam, dilution:1:700), anti-p38 (Clone:D13E1; Cell
Signaling  Technology, dilution:  1:1000), anti-phospho-p38
(Clone:28B10; Cell Signaling Technology, dilution: 1:1500), anti-Bax
(Clone: ab32503; Abcam, dilution: 1:4000), anti-SM22a (Clone:
ab14106; Abcam, dilution: 1:1000), anti-osteopontin (OPN, Clone:
ab91655; Abcam, dilution: 1:1000) and anti-a-tubulin (Clone:ab7291;
Abcam, dilution: 1:2000).

2.3. RNA extraction and quantitative real-time PCR (RT-PCR)

Total RNA was extracted from cells/aortic tissues using RNAiso Plus
reagent (Takara, Japan) and used as a template from which com-
plementary DNA was reverse transcribed using a First Strand com-
plementary DNA Synthesis Kit (Takara, Japan). RT-PCR was conducted
as previously described [5]. The primers used were as follows: IARS-
F:5-ACCACCTTCACTCACA-3, TIARS-R:5-TCGTTTTTCTCGTACC-3;
SM22a-F:5- AGTGCAGTCCAAAATCGAGAAG-3, SM22a-R:5- CTTGCTC
AGAATCACGCCAT-3; OPN-F:5- CTCCATTGACTCGAACGACTC-3, OPN-
R:5- CAGGTCTGCGAAACTTCTTAGAT-3; Bax-F:5- CCCGAGAGGTCTTT
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Table 1
Characteristics of the AAA patients and aortic donors.
Abdominal aortic Aortic donors group  p-Value
aneurysm group
Age (year) 50.24 + 6.58 46.36 = 5.74 0.177
Male/female (n) 8/2 7/3 1.000
BMI 24.53 * 6.66 24.37 + 6.18 0.956
Drinking history 7 7 1.000
(n)
Smoking history 9 8 1.000
(n)
Drug use history 0 0 1.000
()
LVEF(%) 58.13 + 5.003 57.96 + 6.042 0.946
Type of AAA (n) 10 0 < 0.0001 ..
Suprarenal AAA 0 0
Subrenal AAA 10 0
Comorbidities (n) 10 0
Hypertensive 10 0 < 0.0001
disease
Diabetes mellitus 2 0 0.474
Heart disease 0 0
COPD 1 0 1.000
Renal 0 0
insufficiency

LVEF = left ventricle ejection fraction; COPD = chronic obstructive pulmonary
disease.
= p < 0.0001 vs. AAA.

TTCCGAG-3, Bax-R:5- CCAGCCCATGATGGTTCTGAT-3; GAPDH-F:5-
GGAGCGAGATCCCTCCAAAAT-3, GAPDH-R:5- GGCTGTTGTCATACTT
CTCATGG-3.

2.4. Animals and in vivo experiment

48 eight-week-old male C57/BL6 mice (20 + 0.54 g) were used in
this study, all mice were randomly divided into 4 groups (12 per
group). All experiments were conducted in accordance with the
guidelines for the management and use of laboratory animals of China
and were approved by the Institutional Ethics Committee on Animal
Use (WDRY2015-K021). According to a previously-published protocol,
0.5 ml/L calcium chloride (CaCl,) was used to infiltrate the abdominal
aorta for 15 min, in the 5th week after the CaCl, treatment, 1 ug/kg/
min AnglI was injected into the mice by a subcutaneous pump for one
week. And the mice were dissected after 6 weeks to observe the for-
mation of AAA [14] (Ca + A group). To investigate the effect of the
expression of Iars on AAA, 2% Mupirocin (Clone: S4297, Selleck), a Iars
inhibitor, was administered by smearing on the aorta of both CaCl,
intervention (M + Ca + A group) and no CaCl, + AngII(M group) an-
imals.

2.5. VSMCs culture and treatments with Angll

Human aortic smooth muscle cells (HASMCs) were purchased from
ATCC (PCS-100-012). HASMCs were then incubated in DMEM con-
taining 10% FBS, 1% mycillin, 2 mM glutamine, 50 mg/mL gentamycin
and 50 mg/mL amphotericin-B at 37 °C in an atmosphere containing 5%
CO,. The cells treated with 0.1 pM AnglI for 12 h as previously reported
[5]. To study the effect of inhibiting Iars, cells were pretreated with
10uM Mupirocin and then either treated after 30 min with AngIl
(M + Angll) or untreated (M).

2.6. Lentivirus transfection and intervention in signaling pathways

A recombinant lentivirus was constructed using a three-plasmid co-
transfection system in human embryonic kidney 293T cells to convey
the expression of Iars and puromycin resistance, as previously described
[15]. Transfection efficiency was determined using western blotting.
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To study the role of the PI3K signaling pathway, cells were pre-
treated with 10 uM 1,3-dicaffeoylquinic acid (Clone: HY-N1412; MCE)
(DA), an activator of the PI3K pathway, 30 min prior to lentivirus
treatment (DA +Iars). To investigate the role of the p38 MAPK
pathway, the p38 MAPK inhibitor SB203580 (Clone: HY-10256; MCE)
(S) was added 30 min prior to upregulation of Iars (S + Iars).

2.7. Detection of VSMC apoptosis

Annexin V-FITC/PI apoptosis kit (Clone: 556547, BD) was used to
detect VSMC apoptosis according to the protocols. Annexin V-FITC
added followed by propidium iodide (PI) and mixed uniformly then
incubated for 5-15 min at room temperature in the dark. The negative
control comprised normal cells without Annexin V-FITC or PI. The cells
with the strongest apoptosis effect were denoted as positive controls 1
and 2, plus Annexin V-FITC alone and PI alone, respectively.

2.8. Statistical analyses

Data were presented as mean *+ standard deviation. Paired and/or
unpaired Student t-tests were used to evaluate the statistical sig-
nificance of differences between the means of two groups, while ana-
lysis of variance (ANOVA) was performed to determine significance
across multiple groups. A p-value < 0.05 was considered statistically
significant. GraphPad Prism 6.0 was used for statistical analyses. All
graphs were fitted with Sigma Plot Version 10.0 software.

3. Results

3.1. Apoptosis and phenotypic switching of VSMCs in AAA tissues is
accompanied by increased Iars expression

Using IHC and WB, it was evident that the expression of Iars and Bax
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was significantly greater in the pathological tissues than the normal
group (Fig. 1A-D, LJ). In addition, expression of p-p38 and the syn-
thetic phenotypic marker of VSMCs, OPN was substantially greater in
the AAA tissues (Fig. 1G-J,K,L), while expression of the contractile
phenotypic marker, SM22a was lower (Fig. 1E,F,I,J). These results in-
dicate that apoptosis and phenotypic switching were observed in the
pathological specimens and that Iars had involvement in this process.

3.2. PI3K pathway activity was inhibited in AAA

To understand the response of the PI3K pathway in the pathogenesis
of AAA, we quantified PI3K and p-PI3K expression within the medial
layer of normal and pathological aorta samples using WB. The results
demonstrate that p-PI3K levels decreased in the AAA tissues (Fig. 1K,L),
suggesting that PI3K pathway inhibition occurred in AAA pathogenesis.

3.3. Inhibition of Iars attenuated CaCl, + Angll-induced AAA in mice

To investigate the expression of Iars during the formation of an
AAA, a CaCl, + Angll-induced (Ca + A group) model of AAA was es-
tablished (Fig. 2A). Of 12 mice, 9 formed an AAA, and 3 of them de-
veloped AAA rupture. To determine the role of Iars during AAA for-
mation, mice were treated with 2% Mupirocin during induction of AAA
by CaCl, + AngIl (M + Ca + A group). Inhibition of Iars by Mupirocin
was also performed in non-induced mice (M group). The formation rate
of AAA in the M + Ca + A group was 16.7% (2 of 12), a considerably
lower rate than that of the Ca + A group (Fig. 2B). The use of Mupir-
ocin alone did not affect the formation of AAA (Fig. 2B). In addition, the
largest aortic diameter of the mice in group Ca + A was significantly
larger than the other three groups, while the aortic thickness of this
group was thinner than others (Fig. 2C-E). The expression of Iars, p-
p38, OPN and Bax was higher in the AAA mice (Fig. 2F-1, 3A,B,G,H),
while SM22a and p-PI3K were lower (Fig. 2J,K, 3E,F). Meanwihle, the
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Fig. 1. Expression of Iars, and apoptosis and phenotypic switching in VSMCs increased in the aneurysm specimens. (A,B,I) IHC and WB demonstrated that the
expression of Iars, (C,D,I) an apoptosis marker (Bax) and (G,H,I) a synthetic phenotypic marker of VSMCs (OPN) increased significantly in the AAA tissues (AAA,
n = 10), (E,F,I) while expression of the contractile phenotypic marker of VSMCs (SM22a) declined. (K,L) Expression of p-PI3K decreased in AAA tissues, while p-p38
was upregulated. No significant difference in total protein expression of these two indicators was observed in the negative control (NC, n = 10) or AAA tissues. t-test,
**p < 0.0001 vs. NC.
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Fig. 2. Inhibition of Iars reduced CaCl, + Angll-induced formation of AAA, apoptosis and phenotypic switching of VSMCs. (A-C) After application of Mupirocin, the
inhibitor of Iars, CaCl, + Angll-induced formation of AAA decreased significantly (M + Ca + A), whereas use of the inhibitor alone (M) did not change injury to the
aorta. (D,E) The largest aortic diameter of the mice in group Ca + A was significantly larger than the other three groups, while the aortic thickness of this group was
thinner than others. (F,G) Expression of Iars significantly increased in AAA aortas. (J-M) Inhibition of Iars in vivo increased activity of the PI3K pathway and (H,I)
decreased the expression of Bax. n = 12, one-way ANOVA test, ***p < 0.0001 vs. Ca + A.

expression of phenotypic markers of VSMCs and Bax, p38 MAPK (Fig. 4A, E, F) while also reducing activity of the PI3K pathway

pathway activity and PI3K pathway activity were not affected by the (Fig. 4C,D). After inhibition of Iars by Mupirocin (M + Angll), Angll

inhibitor (Figs. 2F-M, 3A-H). The data above suggested that upregu- was unable to induce phenotypic switching (Fig. 4A,B), modify sig-

lation of Iars plays a pivotal role in AAA formation, with inhibition of naling pathway activity (Fig. 4C,D) or apoptosis of VSMCs (Fig. 3A,E,F).

Iars attenuating the disease. These results suggest that Iars mediates Angll-induced phenotypic
switching and the apoptosis of VSMCs.

3.4. Inhibition of Iars in vitro reduced Angll-induced phenotypic switching

and apoptosis of VSMCs 3.5. Upregulation of IARS-induced apoptosis and phenotypic switching of
VSMCs via the PI3K and p38 MAPK pathways
Our previous research established that AnglIl induced phenotypic

switching of VSMCs through the p38 MAPK pathway [5] (Fig. 4A-D). In To ascertain whether Iars could trigger downstream phenotypic
the present study we observed that Angll also induced apoptosis switching and apoptosis of VSMCs, HASMCs were treated in vitro with
A B C D

control Ca+A M+Ca+A control Ca+A M+Ca+A M

expression of p-p38

control Ca+A M+Ca+A M control Ca+A M+Ca+A M

expression of OPN

Fig. 3. (A-D) The Iars inhibitor decreased p38 MAPK pathway activity and (G,H) reduced OPN expression, while (E,F) maintain the contraction phenotype of VSMCs.
n = 12, one-way ANOVA test, ***p < 0.0001 vs. Ca + A.
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Fig. 4. Inhibition of Iars reduced Ang II-induced phenotypic switching and apoptosis of VSMCs. (A,B) Ang II induced the increase of OPN and Bax, while the
expression of SM22a reduced, inhibition of Iars in vitro blocked the induction of Ang II (M + Ang II). (C,D) The inhibitor blocked AnglI-induced phosphorylation of
p38 while maintaining phosphorylation of PI3K. (E,F) The intervention of AngII caused a large number of apoptosis of VSMCs, while the inhibition of Iars sig-
nificantly decreased the apoptosis rate of cells. The use of inhibitor alone (M) did not affect VSMCs function or apoptosis or changes in related pathways. n = 3, two-

way ANOVA test, ***p < 0.0001 vs. AngII.

lentivirus. Thereafter, samples were analyzed using WB with antibodies
against p-PI3K, Bax, p-p38, SM22a and OPN. Meanwhile, mRNAs of
SM22a, OPN and Bax were detected by RT-PCR. The expression of Bax,
p-p38 and OPN were significantly higher than those of the control,
while p-PI3K and SM22a levels decreased (Fig. 5A-E). Flow cytometry
demonstrated that the number of apoptotic VSMCs increased after Iars
upregulation (Fig. 5J,K).

To verify the impact of the PI3K pathway on VSMCs after the up-
regulation of Iars, HASMCs were pretreated with a specific activator
(DA) of the PI3K pathway immediately before the addition of lentivirus.
WB data indicated that the PI3K pathway was activated, repressing the
expression of Bax (Fig. 5F,G). And that activation of PI3K decreased
VSMCs apoptosis. Otherwise, the PI3K activator did not affect Iars ex-
pression or the phenotypic markers of VSMCs and p38 pathway activity
(Fig. 5F,G).

Previously, we determined that the p38 MAPK pathway regulates
the phenotypic switching of VSMCs [5]. In this study, we established
that inhibition of the p38 MAPK pathway blocked Iars-induced phe-
notypic switching of VSMCs (Fig. 5H,I), while VSMCs apoptosis and the
expression of p-PI3K, Bax and Iars was unaffected (Fig. 5SH-K). Col-
lectively, these data suggest that Iars regulates the apoptosis of VSMCs
via the PI3K pathway and phenotypic switching in cells via the P38
MAPK pathway.

More detailed results can be found in the attached data.

4. Discussion

Abdominal aortic aneurysm is a disease that is seriously life-threa-
tening. However, the cause of the disease has not yet been fully eluci-
dated. Therefore, the study of possible mechanisms of pathogenesis is of
great importance for future prevention, diagnosis and treatment of the
disease. Studies have shown that aortic medial degeneration is the
principal pathological feature of aortic aneurysm [16,17]. In this study
we discovered a possible mechanism underlying AAA. Isoleucyt-tRNA
synthetase can induce apoptosis and phenotypic switching in VSMCs
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during AAA formation via the PI3K and p38 MAPK signaling pathways,
respectively.

Cells respond to changes in their microenvironment by modifying
many cellular programs, including cell survival, proliferation, differ-
entiation, metabolism, interactions with other cells and numerous
homeostatic loops. VSMCs switch their phenotype, from contractile to
synthetic, in response to these microenvironmental cues in a process
known as phenotypic switching. The release of various stress factors
such as Ang II, oxidative stress and inflammatory factors during the
pathogenesis of aortic aneurysm is significantly elevated, leading to
VSMC dysfunction [18,19]. We have demonstrated that the expression
of OPN and Bax was considerably greater, and SM22a lower, in the
medial layer of specimens taken from tissues exhibiting AAA than did
nonpathological controls, thereby suggesting that phenotypic switching
and apoptosis had taken place. Our finding is consistent with previous
research [20,21] that reported phenotypic switching and apoptosis of
VSMCs was observed in aortic aneurysm tissues, but the precise me-
chanisms of which were unclear.

It has been reported that in addition to regulating protein bio-
synthesis, Iars also performs an important role in the regulation of
immunity, transcription, angiogenesis [22,23]. However, to the best of
our knowledge no studies have examined the differentiation and
apoptosis of VSMCs induced by AARS, and nothing is known about its
modulation by Iars. In addition to demonstrating phenotypic switching
and apoptosis in VSMCs in AAA specimens, we also found that the
expression of Iars increased significantly in such tissues, which led us to
speculate that Iars performs an important role in the pathogenesis of
AAA. To test this hypothesis, Iars was inhibited in one group of mice
while AAA formation was induced with CaCl, plus Angll to ascertain
the role of Iars on the development of AAA. Unexpectedly, inhibition of
Iars significantly reduced the formation of AAA, and reduced pheno-
typic switching and apoptosis in VSMCs. Additionally, we also observed
corresponding changes in the activation status of the PI3K and p38
MAPK pathways. These results indicate that Iars, and the PI3K and p38
MAPK pathways are involved in the formation of AAAs but their precise
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Fig. 5. Up-regulation of IARS induced apoptosis and phenotypic switching in VSMCs via the PI3K and p38 MAPK pathways, respectively. (A-C) Upregulation of Iars
(Iars) significantly increased the expression of OPN and Bax and decreased the expression of SM22a in vitro. (D,E) Iars increased the activity of the p38 MAPK
pathway, but decreased the activity of the PI3K pathway. (F,G,J,K) Activation of PI3K attenuated Iars-induced Bax expression in VSMCs (DA + Iars), without
affecting phenotypic markers or the p38 MAPK pathway. (H,L,J,K) Similarly, a p38 MAPK inhibitor (SB203580) only decreased the phenotypic switching of VSMCs
(S + Iars) and did not influence apoptosis or the PI3K pathway. Using either the activator (DA) or inhibitor (S) alone did not affect the cells or pathways. n = 3, two-

way ANOVA test, ***p < 0.0001 vs. Iars.

roles and mechanisms of action still require elucidation.

In our previous study, we demonstrated that the p38 MAPK
pathway mediates Angll-induced phenotypic switching of VSMCs [5].
In the present study, we observed that AngIl additionally induced the
expression of Iars. When the IARS gene in HASMCs was overexpressed,
it was subsequently observed by Western blot and RT-PCR analysis that
the expression of OPN tended to be elevated, while SM22a exhibited
significant downregulation, thereby suggesting that Iars induced the
phenotypic switching of VSMCs. However, while the p38 MAPK
pathway was inhibited, upregulation of Iars did not induce the phe-
notypic switching of VSMCs, but VSMCs apoptosis still occurred, and
inhibition of the p38 MAPK pathway did not affect the expression of
Iars. These data suggest that the p38 MAPK pathway mediates Iars-
induced phenotypic switching of VSMCs, but not their apoptosis.

Apoptosis is a spontaneous process of programmed cell death that
occurs both physiologically and pathologically, operating under tight
regulation [24,25]. The phosphoinositide 3-kinase (PI3K) signaling
pathway is critical to many cellular functions including the regulation
of cell growth, proliferation and apoptosis [26,27]. The principal pa-
thological manifestation of aortic medial layer degeneration is
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increased apoptosis and dysfunction of VSMCs. We demonstrated that
PI3K pathway activity in the medial layer of AAA tissues declined,
suggesting that the PI3K pathway is highly likely to perform a role in
this process, consistent with observations made by Zhu and Liu [28,29].
However, the mechanisms for suppressing the activity of the PI3K
pathway during the pathogenesis of AAA have not yet been reported. In
the present study, we demonstrated that Iars affects the activity of the
PI3K pathway, both in vivo and in vitro. The change we observed only
affected cell apoptosis and not the expression of Iars or VSMC pheno-
typic markers. These observations suggest that the PI3K pathway
mediates Iars-induced apoptosis in VSMCs, rather than phenotypic
switching.

We acknowledge that our investigation is limited by the nature of
the study's experimental design. Accordingly, it is not possible from our
data to determine whether inhibition of Iars affected the function of
other organs while reducing the incidence of AAA. Moreover, since
Mupirocin is ineffective through both oral administration and injection,
it is currently only possible to suppress Iars by direct application to the
aorta. Experimentation with a special aortic Iars-knockdown animal
model may be critical in verifying our findings and help identify a new
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Fig. 6. Various stresses caused up-regulation of IARS expression in aortic VSMCs, which in turn increased phenotypic switching and apoptosis of cells by increasing
p38 MAPK pathway activity and decreasing PI3K pathway activity, respectively, resulting in loose aortic wall structure and AMD development.

method of inhibiting Iars in the future.

In the present study, we have shown that upregulation of Iars pro-
motes phenotypic switching and apoptosis in VSMCs during AAA for-
mation via the p38 MAPK and PI3K pathways, respectively (Fig. 6). Our
data may offer insight into a previously unknown mechanism of de-
generation of the aortic medial layer. Our study suggests that Iars may
be an attractive target for strategies aiming to prevent the formation of
AAA.

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.1£5.2019.03.052.

Acknowledgments

The authors would like to thank all the patients and donors involved
for providing tissue samples, and the Ethics Committee of Renmin
Hospital of Wuhan University for supporting this study. This study was
supported by grants from the National Natural Science Foundation of
China (no. 81570428 and no. 81600367).

Disclosure of conflict of interest
The authors report no competing interest in the article.
References

[1] N.L. Weintraub, Understanding abdominal aortic aneurysm, N. Engl. J. Med. 361
(2009) 1114-1116.

L.M. Nordon, R.J. Hinchliffe, .M. Loftus, M.M. Thompson, Pathophysiology and
epidemiology of abdominal aortic aneurysms, Nat. Rev. Cardiol. 8 (2011) 92-102.
An Z, Liu Y, Song ZG, Tang H, Yuan Y and Xu ZY. Mechanisms of aortic dissection
smooth muscle cell phenotype switch. J. Thorac. Cardiovasc. Surg. 2017;
154:1511-1521.(e1516).

Zhang J, Wang L, Fu W, Wang C, Guo D, Jiang J, et al. Smooth muscle cell phe-
notypic diversity between dissected and unaffected thoracic aortic media. J.
Cardiovasc. Surg. 2013; 54:511-521.

Li B, Wang Z, Hu Z, Zhang M, Ren Z, Zhou Z, et al.P38 MAPK signaling pathway
mediates angiotensin II-induced miR143/145 gene cluster downregulation during
aortic dissection formation. Ann. Vasc. Surg. 2017; 40:262-273.

Liu W, Liu X, Luo M, Liu X, Luo Q, Tao H, et al. dNK derived IFN-gamma mediates
VSMC migration and apoptosis via the induction of LncRNA MEG3: a role in
uterovascular transformation. Placenta. 2017; 50:32-39.

V. Rajendran, P. Kalita, H. Shukla, A. Kumar, T. Tripathi, Aminoacyl-tRNA syn-
thetases: structure, function, and drug discovery, Int. J. Biol. Macromol. 111 (2018)
400-414.

M. Sissler, L.E. Gonzalez-Serrano, E. Westhof, Recent advances in mitochondrial
aminoacyl-tRNA synthetases and disease, Trends Mol. Med. 23 (2017) 693-708.
P. Yao, P.L. Fox, Aminoacyl-tRNA synthetases in medicine and disease, EMBO Mol
Med 5 (2013) 332-343.

Nichols RC, Blinder J, Pai SI, Ge Q, Targoff IN, Plotz PH, et al. Assignment of two
human autoantigen genes-isoleucyl-tRNA synthetase locates to 9g21 and lysyl-
tRNA synthetase locates to 16q23-q24. Genomics. 1996; 36:210-213.

Castranova D, Davis AE, Lo BD, Miller MF, Paukstelis PJ, Swift MR, et al.
Aminoacyl-transfer RNA synthetase deficiency promotes angiogenesis via the un-
folded protein response pathway. Arterioscler. Thromb. Vasc. Biol. 2016;
36:655-662.

[2]

[3]

[4]

[5]

[6]

[71

[8]
[91

[10]

[11]

57

[12] Perli E, Giordano C, Tuppen HA, Montopoli M, Montanari A, Orlandi M, et al.
Isoleucyl-tRNA synthetase levels modulate the penetrance of a homoplasmic m.
4277T > C mitochondrial tRNA(Ile) mutation causing hypertrophic cardiomyo-
pathy. Hum. Mol. Genet. 2012; 21:85-100.

N.S. Goldstein, S.M. Hewitt, C.R. Taylor, H. Yaziji, D.G. Hicks, Recommendations
for improved standardization of immunohistochemistry, Appl. Immunohistochem.
Mol. Morphol. 15 (2007) 124-133.

A.C. Chiou, B. Chiu, W.H. Pearce, Murine aortic aneurysm produced by periarterial
application of calcium chloride, J. Surg. Res. 99 (2001) 371-376.

Stewart SA, Dykxhoorn DM, Palliser D, Mizuno H, Yu EY, An DS, et al. Lentivirus-
delivered stable gene silencing by RNAi in primary cells. Rna. 2003; 9:493-501.
.Brott TG, Halperin JL, Abbara S, Bacharach JM, Barr JD, Bush RL, et al. 2011 ASA/
ACCF/AHA/AANN/AANS/ACR/ASNR/CNS/SAIP/ SCAI/SIR/SNIS/SVM/SVS
guideline on the management of patients with extracranial carotid and vertebral
artery disease: executive summary: a report of the American College of Cardiology
Foundation/American Heart Association Task Force on Practice Guidelines, and the
American Stroke Association, American Association of Neuroscience Nurses,
American Association of Neurological Surgeons, American College of Radiology,
American Society of Neuroradiology, Congress of Neurological Surgeons, Society of
Atherosclerosis Imaging and Prevention, Society for Cardiovascular Angiography
and Interventions, Society of Interventional Radiology, Society of
Neurolnterventional Surgery, Society for Vascular Medicine, and Society for
Vascular Surgery. Vasc. Med. 2011; 16:35-77.

M. Serhatli, K. Baysal, C. Acilan, E. Tuncer, S. Bekpinar, A.T. Baykal, Proteomic
study of the microdissected aortic media in human thoracic aortic aneurysms, J.
Proteome Res. 13 (2014) 5071-5080.

Z. Wu, F. Dai, W. Ren, H. Liu, B. Li, J. Chang, Angiotensin II induces apoptosis of
human pulmonary microvascular endothelial cells in acute aortic dissection com-
plicated with lung injury patients through modulating the expression of monocyte
chemoattractant protein-1, Am. J. Transl. Res. 8 (2016) 28-36.

Z. Wu, Y. Ruan, J. Chang, B. Li, W. Ren, Angiotensin II is related to the acute aortic
dissection complicated with lung injury through mediating the release of MMP9
from macrophages, Am. J. Transl. Res. 8 (2016) 1426-1436.

Lesauskaite V, Tanganelli P, Sassi C, Neri E, Diciolla F, Ivanoviene L, et al. Smooth
muscle cells of the media in the dilatative pathology of ascending thoracic aorta:
morphology, immunoreactivity for osteopontin, matrix metalloproteinases, and
their inhibitors. Hum. Pathol. 2001; 32:1003-1011.

Y. Shi, B. Liu, C.S. Wang, C.S. Yang, MST1 down-regulation in decreasing apoptosis
of aortic dissection smooth muscle cell apoptosis, Eur. Rev. Med. Pharmacol. Sci. 22
(2018) 2044-2051.

S.G. Park, K.L. Ewalt, S. Kim, Functional expansion of aminoacyl-tRNA synthetases
and their interacting factors: new perspectives on housekeepers, Trends Biochem.
Sci. 30 (2005) 569-574.

S.G. Park, P. Schimmel, S. Kim, Aminoacyl tRNA synthetases and their connections
to disease, Proc. Natl. Acad. Sci. U. S. A. 105 (2008) 11043-11049.

Grosse J, Warnke E, Wehland M, Pietsch J, Pohl F, Wise P, et al. Mechanisms of
apoptosis in irradiated and sunitinib-treated follicular thyroid cancer cells.
Apoptosis. 2014; 19:480-490.

S. Shimizu, Development of anti-cancer drugs mediated by apoptosis and autop-
hagy, Nihon Rinsho 73 (2015) 1302-1307.

J.A. Engelman, J. Luo, L.C. Cantley, The evolution of phosphatidylinositol 3-kinases
as regulators of growth and metabolism, Nat Rev Genet 7 (2006) 606-619.
Yoshioka K, Yoshida K, Cui H, Wakayama T, Takuwa N, Okamoto Y, et al.
Endothelial PI3K-C2alpha, a class II PI3K, has an essential role in angiogenesis and
vascular barrier function. Nat. Med. 2012; 18:1560-1569.

Liu K, Fang C, Shen Y, Liu Z, Zhang M, Ma B, et al. Hypoxia-inducible factor 1a
induces phenotype switch of human aortic vascular smooth muscle cell through
PI3K/AKT/AEG-1 signaling. Oncotarget. 2017; 8:33343-33352.

S.B. Zhu, J. Zhu, Z.Z. Zhou, E.P. Xi, R.P. Wang, Y. Zhang, TGF-betal induces human
aortic vascular smooth muscle cell phenotype switch through PI3K/AKT/ID2 sig-
naling, Am. J. Transl. Res. 7 (2015) 2764-2774.

[13]

[14]
[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]
[26]

[27]

[28]

[29]


https://doi.org/10.1016/j.lfs.2019.03.052
https://doi.org/10.1016/j.lfs.2019.03.052
http://refhub.elsevier.com/S0024-3205(19)30216-4/rf0005
http://refhub.elsevier.com/S0024-3205(19)30216-4/rf0005
http://refhub.elsevier.com/S0024-3205(19)30216-4/rf0010
http://refhub.elsevier.com/S0024-3205(19)30216-4/rf0010
http://refhub.elsevier.com/S0024-3205(19)30216-4/rf0015
http://refhub.elsevier.com/S0024-3205(19)30216-4/rf0015
http://refhub.elsevier.com/S0024-3205(19)30216-4/rf0015
http://refhub.elsevier.com/S0024-3205(19)30216-4/rf0020
http://refhub.elsevier.com/S0024-3205(19)30216-4/rf0020
http://refhub.elsevier.com/S0024-3205(19)30216-4/rf0025
http://refhub.elsevier.com/S0024-3205(19)30216-4/rf0025
http://refhub.elsevier.com/S0024-3205(19)30216-4/rf0030
http://refhub.elsevier.com/S0024-3205(19)30216-4/rf0030
http://refhub.elsevier.com/S0024-3205(19)30216-4/rf0030
http://refhub.elsevier.com/S0024-3205(19)30216-4/rf0035
http://refhub.elsevier.com/S0024-3205(19)30216-4/rf0035
http://refhub.elsevier.com/S0024-3205(19)30216-4/rf0040
http://refhub.elsevier.com/S0024-3205(19)30216-4/rf0040
http://refhub.elsevier.com/S0024-3205(19)30216-4/rf0040
http://refhub.elsevier.com/S0024-3205(19)30216-4/rf0045
http://refhub.elsevier.com/S0024-3205(19)30216-4/rf0045
http://refhub.elsevier.com/S0024-3205(19)30216-4/rf0045
http://refhub.elsevier.com/S0024-3205(19)30216-4/rf0045
http://refhub.elsevier.com/S0024-3205(19)30216-4/rf0050
http://refhub.elsevier.com/S0024-3205(19)30216-4/rf0050
http://refhub.elsevier.com/S0024-3205(19)30216-4/rf0050
http://refhub.elsevier.com/S0024-3205(19)30216-4/rf0055
http://refhub.elsevier.com/S0024-3205(19)30216-4/rf0055
http://refhub.elsevier.com/S0024-3205(19)30216-4/rf0055
http://refhub.elsevier.com/S0024-3205(19)30216-4/rf0060
http://refhub.elsevier.com/S0024-3205(19)30216-4/rf0060
http://refhub.elsevier.com/S0024-3205(19)30216-4/rf0060
http://refhub.elsevier.com/S0024-3205(19)30216-4/rf0065
http://refhub.elsevier.com/S0024-3205(19)30216-4/rf0065
http://refhub.elsevier.com/S0024-3205(19)30216-4/rf0070
http://refhub.elsevier.com/S0024-3205(19)30216-4/rf0070
http://refhub.elsevier.com/S0024-3205(19)30216-4/rf0075
http://refhub.elsevier.com/S0024-3205(19)30216-4/rf0075
http://refhub.elsevier.com/S0024-3205(19)30216-4/rf0080
http://refhub.elsevier.com/S0024-3205(19)30216-4/rf0080
http://refhub.elsevier.com/S0024-3205(19)30216-4/rf0080

	Up regulation of isoleucyl-tRNA synthetase promotes vascular smooth muscle cells dysfunction via p38 MAPK/PI3K signaling pathways
	Introduction
	Materials and methods
	Immunohistochemistry (IHC)
	Western blotting (WB)
	RNA extraction and quantitative real-time PCR (RT-PCR)
	Animals and in vivo experiment
	VSMCs culture and treatments with AngII
	Lentivirus transfection and intervention in signaling pathways
	Detection of VSMC apoptosis
	Statistical analyses

	Results
	Apoptosis and phenotypic switching of VSMCs in AAA tissues is accompanied by increased Iars expression
	PI3K pathway activity was inhibited in AAA
	Inhibition of Iars attenuated CaCl2 + AngII-induced AAA in mice
	Inhibition of Iars in vitro reduced AngII-induced phenotypic switching and apoptosis of VSMCs
	Upregulation of IARS-induced apoptosis and phenotypic switching of VSMCs via the PI3K and p38 MAPK pathways

	Discussion
	Acknowledgments
	Disclosure of conflict of interest
	References




