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Regulatory Mechanism of MicroRNA-145
in the Pathogenesis of Acute Aortic Dissection

Tianbo Li, Chencheng Liu, Lingchao Liu, Han Xia, Yingbin Xiao, Xuefeng Wang, and Yong Wang

Department of Cardiovascular Surgery, the Second Affiliated Hospital (Xingiao Hospital) of Chinese People’s Liberation Army Medical University,
Chongging, China.

Purpose: Previous studies have confirmed that microRNAs play important roles in the pathogenesis of acute aortic dissection
(AAD). Here, we aimed to explore the role of miR-145 and its regulatory mechanism in the pathogenesis of AAD.

Materials and Methods: AAD tissue samples were harvested from patients with aortic dissection and normal donors. Rat aortic
vascular smooth muscle cells (VSMCs) were transfected with miR-145 mimic/inhibitor or negative control mimic/inhibitor. Gene
and protein expression was measured in human aortic dissection tissue specimens and VSMCs by qRT-PCR and Western blot. Lu-
ciferase reporter assay was applied to verify whether connective tissue growth factor (CTGF) was a direct target of miR-145 in
VSMCs. Methyl thiazolyl tetrazolium assay was used to detect VSMC viability.

Results: miR-145 expression was downregulated in aortic dissection tissues and was associated with the survival of patients with
AAD. Overexpression of miR-145 promoted VSMC proliferation and inhibited cell apoptosis. Moreover, CTGE, which was in-
creased in aortic dissection tissues, was decreased by miR-145 mimic and increased by miR-145 inhibitor. Furthermore, CTGF was
confirmed as a target of miR-145 and could reverse the promotion effect of miR-145 on the progression of AAD.

Conclusion: miR-145 suppressed the progression of AAD by targeting CTGE suggesting that a miR-145/CTGF axis may provide a
potential therapeutic target for AAD.
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INTRODUCTION

Aortic dissection occurs when a rupture in the intima of the aor-
ta enables blood to damage the tunica media, leaving the vascu-
lar layer vulnerable to separation and degeneration, and is one
of the most dangerous vascular diseases."* Despite tremendous
progress in treatment, aortic dissection remains a clinical medi-
cal emergency that requires rapid intervention to avoid death.
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MicroRNAs (miRNAs), non-coding RNAs of 21 to 25 nucleo-
tides in length, are reported to regulate gene expression post-
transcriptionally via degrading mRNA or repressing transla-
tion.> miRNAs have been reported to play important roles in
regulating the development of many diseases, such as cell pro-
liferation, differentiation, migration, and apoptosis.* Recently,
mounting evidence has demonstrated that miRNAs play im-
portant roles not only in tumor progression, but also in cardio-
vascular diseases.”® For instance, miR-21 was shown to attenu-
ate diabetic cardiomyopathy via targeting gelsolin.” miR-33
was found to be up-regulated in atherosclerosis and involved
in its progress, representing a novel target for atherosclerosis
treatment.? Furthermore, Yang, et al.” showed that decreasing
miR-327 expression exerts a cardio-protective effect against
myocardial ischemia/reperfusion injury. In aortic dissection,
miR-17 was reported to be expressed at lower levels in thorac-
ic aortic dissection and to be associated with up-regulated
RUNX1." Huang and his colleagues' showed that knockdown
of miR-21 exacerbates thoracic aortic aneurysm and dissec-
tion via TGF-/SMAD3 signaling pathway. Dong, et al." re-
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ported that miR-15a and miR-23a were highly expressed in
acute aortic dissection (AAD) and that they have good clinical
value for the diagnosis of AAD. Also, miR-4787 and miR-4306
were described as potential biomarkers for the diagnosis of
AAD and as being involved in its pathogenesis."> Moreover,
Li, et al." reported that miR-145 expression was decreased in
AAD. However, its role and regulatory mechanism in the
pathogenesis of AAD remains unclear.

Experiments conducted by many researchers have shown
that connective tissue growth factor (CTGF), a matricellular
protein belonging to the transforming growth factor beta super
family, is induced in the heart following cardiac injury."” CTGF
is expressed lowly in the rat aorta and is involved in rescuing
aorta remodeling in rat models of aortic dissection.'® Frango-
giannis'’ showed that CTGF was involved in the proliferation
and apoptosis of vascular smooth muscle cells (VSMCs). How-
ever, whether CTGF participates in the pathogenesis of AAD
regulated by miR-145 has not been reported until now.

Our study was conducted to investigate miR-145 and CTGF
expression in patients with AAD and to explore the role and
mechanisms of miR-145 in regulating the development of
AAD in VSMCs. We found that miR-145 is downregulated in
AAD and that overexpression of miR-145 promotes the pro-
gression of AAD by targeting CTGE.

MATERIALS AND METHODS

Clinical samples and ethics statement

Sixty samples of the ascending aorta in patients with AAD (28
type) and aortic valve disease (32 aortic valve replacement) were
obtained during surgery. Aortic samples from donors for heart
transplants were used as normal controls. AAD was classified
according to the Stanford classification. None of the included
patients underwent preoperative therapy prior to enrollment.
Exclusion criteria were Marfan syndrome, Ehlers-Danlos syn-
drome, family-type thoracic and abdominal aortic dissection,
and aortic-related lesions, such as aortitis. Table 1 details the
clinical characteristics of the study population. Follow-up eval-
uations were conducted for all included patients with AAD, and
the follow-up time was determined from the surgery date to 10
years. The number of patients at risk was 28. The medium ex-
pression of miR-145 was the cutoff between higher and lower
miR-145 groups. This study was approved by the Ethics Review
Committee of the Second Affiliated Hospital (Xinqgiao Hospi-
tal) of Chinese People’s Liberation Army Medical University
(IBR No. XQYY-LUNLI-FJ001.02) and conducted in accordance
with its instructions. Written informed consent was provided
by all patients. Tissue samples were kept in liquid nitrogen and
stored at -80°C for qRT-PCR and Western blot analysis.

Cell culture and cell transfection
We purchased rat aortic VSMC line from the cell bank of the
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Chinese Academy of Sciences (Beijing, China). The cells were
cultured in DMEM Medium (Thermo Fisher, Waltham, MA,
USA) with 10% fetal bovine serum at 37°C in a humidified 5%
CO; incubator. The cultured VSMCs were transfected with
miR-145 mimic or inhibitor to overexpress or silence miR-145
following the manufacturer’s instruction. The control VSMCs
were transfected with negative control mimic or inhibitor. Af-
ter infection for 48 hr, VSMCs were harvested for analysis of
miR-145 expression and CTGF levels.

RNA isolation and qRT-PCR

TRIzol reagent (Invitrogen, Carlsbad, CA, USA) was used to
extract total RNA from VSMCs and aortic tissues according to
the manufacturer’s instructions. First-strand complementary
DNA was generated using the Reverse-Transcription System
Kit (Invitrogen). qRT-PCR was performed following a standard
protocol using the ABI Prism 7500 system (Thermo Fisher). U6
and GAPDH served as an internal control. The 2**“ method
was used to determine expression changes represented as a
relative fold to the control.

Immunoblotting assay

After treatment, cell lysates were subjected to 10% SDS-PAGE
electrophoresis and transferred to polyvinylidene fluoride
membranes, as described previously. After blocking with 5-
10% skim milk in PBS for 2 hr at room temperature, the pri-
mary antibodies (Caspase-8, CTGF and GAPDH) were added
to incubate at 4°C overnight, respectively. Then, horseradish
peroxidase conjugated secondary antibodies were added to
incubate for 2 hr at room temperature. Finally, the enhanced
chemiluminescence kit (ECL, Millipore, BB-3501, Ameshame,
UK) was used to detect the signals. Equal loading of protein in
each lane was confirmed by probing with GAPDH antibody.

Methyl thiazolyl tetrazolium assay

Methyl thiazolyl tetrazolium (MTT) was used to detect cell vi-
ability. 5x10* VSMCs with different transfection were added
into 96-well plates, respectively, and cultured for 48 hr at 37°C
with 5% CO,. Then MTT medium (20 pL) was added to each
well. After incubation at 37°C for 4 hr, the MTT medium was
pipetted out, and 100 pL of DMSO was added for an additional
10 min. Finally, the plates were read at a wavelength of 490 nm
at 12, 24, 36, and 48 hr to measure the absorbance of each well.

Dual luciferase reporter assay

The recombinant pMIR-reportor luciferase vector was applied
for luciferase assays. miR-145 mimic and pMIR-reportor lu-
ciferase vector containing 3'-UTR of wild-type (WT) or mutant-
type (MUT) CTGF were co-transfected into the rat VSMCs fol-
lowing the Lipofectamine 2000 (Thermo Fisher) instructions.
The Dual Luciferase Reporter Assay System (Promega, Madi-
son, WI, USA) was then used to measure the luciferase activity.

353



YM])

Statistical analysis

Experimental values are expressed as the mean+SD of at least
three independent experiments. When a significant differ-
ence was detected, the Mann-Whitney U test or Tukey’s post
hoc test after one-way ANOVA was applied. SPSS v.19.0 (IBM
Corp., Armonk, NY, USA) and GraphPad Prism 5.02 (Graph-
Pad Software Inc., La Jolla, CA, USA) were used to perform
statistical analyses and complete graph presentations. The log-
rank test and Kaplan-Meier analysis were applied to calculate
the relevance between miR-145 expression and the postoper-
ative survival time of patients with AAD. p<0.05 was consid-
ered to indicate a significant difference.

RESULTS

Clinical characteristics of patients
We enrolled 60 patients with AAD and 60 controls in this study.
The clinical characteristics of the patients are listed in Table 1.

Table 1. Clinical Characteristics of the AAD and Control Groups

Characteristics AAD (n=60) Control (n=60)
Age (yr) 51.93+8.87 52.21+8.21
Male 49 (81.6) 47 (78.3)
Smoker 24 (40) 8(13.3)
Alcoholic 20(33.3) 4(6.7)
Hypertension 45 (75)* 0
Atherosclerosis 25(41.7) 19(31.7)
Aortic 3(5) 0
Cocaine abuse 0 0
Diabetes 1(1.7) 1(1.7)
Bicuspid aortic 0 0
AAD, acute aortic dissection.
Data are presented as a mean+SD or n (%).
*p<0.05.
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There were no statistically significant differences in clinical
characteristics between the AAD and control groups, except
for hypertension. Most AAD patients (75%) had concomitant
hypertension, while normal patients had no hypertension.

miR-145 is downregulated in AAD specimens

To investigate the role of miR-145 in the pathogenesis of AAD,
we first detected the gene expression of miR-145 in AAD spec-
imens. As shown in Fig. 1A, miR-145 expression was lower in
aortic dissection specimens than in normal aorta specimens.
Supplementary Table 1 (only online) showed the raw data of
the distribution of miR-145 in patients. Moreover, we explored
the relationship between miR-145 and the survival time of pa-
tients. The results showed that the higher the expression of
miR-145, the higher the survival rate of aortic dissection pa-
tients (Fig. 1B).

miR-145 inhibits the progression of AAD

Secondly, miR-145 mimic or inhibitor was utilized to elicit over-
expression or silencing of miR-145 expression in VSMCs. As
we expected, miR-145 expression was significantly increased
in VSMCs transfected with miR-145 mimic, but decreased in
those transfected with miR-145 inhibitor, compared with the
negative control (Fig. 2A). MTT results showed that over-ex-
pression of miR-145 facilitated cell viability, while silencing
miR-145 inhibited cell viability (Fig. 2B). Moreover, Western
blot and qRT-PCR results showed that miR-145 mimic inhib-
ited the expression of Caspase-8, whereas miR-145 inhibitor
enhanced its expression (Fig. 2C and D). All the results showed
that miR-145 promotes VSMC proliferation and inhibits cell
apoptosis, suggesting an inhibitory effect on the progression
of AAD.

CTGFis a target of miR-145 in AAD
CTGF was predicted as a potential target of miR-145 by Tar-
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Fig. 1. miR-145 was decreased in human AAD specimens. (A) gRT-PCR results revealed decreased expression of miR-145 in AAD specimens, compared
with NAD specimens (n=60). (B) Kaplan-Meier survival analysis showed a negative correlation of miR-145 with the survival time of aortic dissection pa-
tients (n=60). * p<0.05. AAD, acute aortic dissection; NAD, normal aortic dissection.
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Fig. 2. miR-145 mimic promotes VSMC proliferation and inhibits VSMC apoptosis. (A) miR-145 expression was increased in VSMCs transfected with miR-
145 mimic or decreased with miR-145 inhibitor. (B) VSMC viability increased after treating with miR-145 mimic or decreased after treating with miR-145 in-
hibitor. (C and D) Caspase-8 expression was inhibited by miR-145 mimic and promoted by miR-145 inhibitor in VSMCs according to \Western blot and gRT-

PCR. *p<0.05, "p<0.01. VSMC, vascular smooth muscle cell.

getScanHuman (www.targetscan.org/) (Fig. 3A). Luciferase re-
porter assay was carried out to further verify whether CTGF was
the direct target of miR-145 in VSMCs, as Fig. 3B showed that
CTGF 3'-UTR activity was decreased by miR-145 mimic in the
wild group, while there was no significant change in the mu-
tant group. Then, we measured CTGF expression by Western
blot and qRT-PCR in AAD specimens. Results showed that
CTGF was highly expressed in aortic dissection specimens in
comparison with normal aorta (Fig. 3C and D). Furthermore,
the relationship between CTGF and miR-145 measured by re-
gression analysis was negative (Fig. 3E). Then, we detected
CTGF expression by Western blot and qRT-PCR in VSMCs af-
ter transfection with miR-145 mimic or inhibitor. As we saw in
Fig. 3F and G, CTGF expression was decreased by miR-145
mimic and increased by miR-145 inhibitor. All these data in-
dicated that CTGF is a direct target of miR-145 in VSMCs.

CTGF reverses miR-145 effects on the progression

of AAD

To assess the role of CTGF in AAD progression, we first si-
lenced CTGF expression using CTGF siRNA. As we expected,
CTGF expression was downregulated by CTGF siRNA (Fig.
4A). Then, we tested cell viability and cell apoptosis in VSMCs

https://doi.org/10.3349/ym;.2019.60.4.352

transfected with miR-145 inhibitor, CTGF siRNA, or both miR-
145 inhibitor and CTGF siRNA. As Fig. 4B showed, miR-145 in-
hibitor suppressed cell viability, while CTGF siRNA enhanced
cell viability. Also, CTGF siRNA could reverse the inhibitory
effect of miR-145 inhibitor on VSMC viability. Moreover, miR-
145 inhibitor enhanced Caspase-8 mRNA and protein expres-
sion, while CTGF siRNA inhibited its expression. Also, CTGF
siRNA could reverse the promotion effect of miR-145 inhibitor
on VSMC apoptosis (Fig. 4C and D). All these data showed that
CTGF could reverse miR-145 effects on the progression of AAD.

DISCUSSION

The main conclusions of this study can be summarized as fol-
lows. miR-145 is downregulated in the aortic wall of patients
with AAD and is associated with the survival of patients. How-
ever, CTGF is upregulated in aortic dissection specimens and
appears to be a direct target of miR-145 in regulating the pro-
gression of aortic dissection in VSMCs.

As a post-transcriptional regulator of protein translation,
the main role of miRNAs in aortic pathologies has been eluci-
dated by several studies. In pathophysiological mechanisms,
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Fig. 3. CTGF is a target of miR-145 in VSMCs. (A) miR-145 was bound to the 3'UTR of CTGF. (B) The luciferase activity of CTGF was decreased by miR-145
mimic in WT. (C) Western blot analysis showed higher expression of CTGF protein in AAD specimens than in NAD specimens. (D) gRT-PCR showed a high-
er expression of CTGF mRNA in AAD specimens than in NAD specimens. (E) Regression analysis showed a negative correlation of miR-145 with CTGF ex-
pression. (F) Western blot showed decreased or increased expression of CTGF protein in the miR-145 mimic or miR-145 inhibitor group, respectively. (G)
gRT-PCR showed decreased or increased expression of CTGF gene in the miR-145 mimic or miR-145 inhibitor group, respectively. *p<0.05, 'p<0.01. CTGF,
connective tissue growth factor; VSMC, vascular smooth muscle cell; AAD, acute aortic dissection; NAD, normal aortic dissection.
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Fig. 4. CTGF attenuates miR-145 effects on VSMC proliferation and apoptosis. (A) gRT-PCR showed declined expression of CTGF in the CTGF siRNA group.
(B) VSMC viability was detected by MTT for cells transfected with miR-145 inhibitor, CTGF siRNA, or both miR-145 inhibitor and CTGF siRNA. (C) Protein ex-
pression of Caspase-8 was detected by Western blot after cells were transfected with miR-145 inhibitor, CTGF siRNA, or both miR-145 inhibitor and CTGF
siRNA. (D) mRNA expression of Caspase-8 was detected by qRT-PCR after cells were transfected with miR-145 inhibitor, CTGF siRNA, or both miR-145 in-
hibitor and CTGF siRNA. *p<0.05, " p<0.01. CTGF, connective tissue growth factor, VSMC, vascular smooth muscle cell.

miRNAs have become participants in cellular activity that leads
to the formation of aneurysms, including inflammatory pro-
cesses, degradation of extracellular matrix and loss of smooth
muscle cells.”® For instance, downregulation of miR-29 was
reported to attenuate aneurysm expansion, and miR-29 might
represent a novel molecular target through which to maintain
vascular wall structural integrity.” miR-17 expression was in-
creased in progressive aortic dilation by regulating TIMP-1.2°
Also, Elia, et al.*! showed that miR-143/145 expression was
decreased in acute and chronic vascular stress and that it has
a critical role during VSMC differentiation, strongly suggest-
ing its involvement in the reversion of the VSMC differentia-
tion phenotype that occurs during vascular disease. Moreover,
miR-181b was found to be overexpressed in atherosclerosis
and abdominal aortic aneurysms and to regulate their progres-
sion through regulating TIMP-3 and Elastin.**

Aortic aneurysm and aortic dissection are two separate, but
closely related entities. Compared with extensive studies on
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aortic aneurysms, studies on the role of miRNAs in AAD de-
velopment are still limited. For example, miR-320 and miR-582
have been shown to serve as putative biomarkers for aortic dis-
section and to regulate VSMC apoptosis.” Meanwhile, miR-
4787 and miR-4306 exhibit diagnostic value in patients with
AAD."” In our study, we found that miR-145 was downregulat-
ed in aortic dissection specimens, which is consistent with re-
search reported by Li, et al."* We also noted that miR-145 en-
hanced VSMC proliferation and inhibited cell apoptosis. Our
results provide evidence suggesting that overexpression of
miR-145 suppresses the pathogenesis of aortic dissection.

In different tissues, several genes are thought to be the tar-
gets of miR-145. CTGF is also a predicted target of miR-145
according to the TargetScan bioinformatics-based database. In
the present study, dual luciferase reporter assay confirmed that
CTGF is a target of miR-145 in rat VSMCs and negatively regu-
lates CTGF expression.

Recently, a large number of studies have found that CTGF is

357



YMJ

closely related to the occurrence and development of fibrosis
in many tissues and organs, which is a complex pathophysio-
logical process, including the blood vessels, skin, heart, lung,
and liver.***® In our study, we discovered that CTGF is upregu-
lated in aortic dissection specimens and is involved in the pro-
gression of aortic dissection. Zhou, et al.* reported that CTGF
served as a target of miR-503 in regulating cardiac fibrosis.
Also, Wei, et al.** showed that miR-26a targets CTGF to regu-
late cardiac fibrosis via NF-«B signaling pathway. However,
this is the first time that CTGF has been reported as the target
of miR-145 in regulating the progression of AAD.

Taken together, our results indicate that overexpression of
miR-145 suppresses the development of AAD possibly through
inhibiting the expression of CTGF in the aortic wall. This study
provides new insights into the molecular mechanisms of aor-
tic dissection and may open a door for utilizing miRNAs in
preventive strategies for major arterial dissection.
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