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miR-140-5p inhibits the proliferation, migration
and invasion of vascular smooth muscle cells
by suppressing the expression of NCKAP1
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Abstract

Introduction. The occurrence of aortic dissection is related to the proliferation and metastasis of vascular
smooth muscle cells. In our present study, we found that the expression of miR-140-5p was inhibited in the wall
of abdominal aorta of aortic dissection patients. However, the mechanism of miR-140-5p in the development
of aortic dissection is unclear.

Material and methods. We detected the expression of miR-140-5p and NCK Associated Protein 1 (NCKAP1) in
blood vessel of aortic dissection patients and normal people by PCR. Next, we established the miR-140-5p over-
expression and miR-140-5p inhibition vascular smooth muscle cells (CRL-1999 cells). The BrdU assays, wound
healing assays and transwell assays were performed to detect the proliferation and invasion ability of these cells.
Finally, luciferase reporter assay was performed to detect the relationship between miR-140-5p and NCKAP1.
Results. The expression of miR-140-5p was suppressed in blood vessel of aortic dissection patients, and the levels
of NCKAP1 in those tissues were upregulated. Overexpression of miR-140-5p inhibited the proliferation, migration
and invasion of vascular smooth muscle cells. miR-140-5p targeted and suppressed the expression of NCKAP1.
Conclusions. miR-140-5p repressed the proliferation, migration and invasion of vascular smooth muscle cells by
targeting and inhibiting the expression of NCKAP1. Furthermore, the results of our study suggest new strategies
and targets for the clinical treatment of arterial dissection. (Folia Histochemica et Cytobiologica 2021, Vol. 59,
No. 1, 22-29)
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Introduction

Aortic dissection is a cardiovascular disease induced
by blood entering the middle layer of the vessel wall
and the formation of swelling [1]. Aortic dissection is
a serious life-threatening cardiovascular disease. In
addition to vascular endothelial damage, it can also
Cause serious complications [2]. At present, the ef-
fective treatment of aortic dissection is mainly surgery.
However, statistical data showed that the mortality rate
of postoperative period is still 9-30% [3]. Therefore,
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there is a need to determine the molecular mechanism
of aortic dissection to develop the new therapeutic
treatments. The application of drugs intervening in the
disease’s pathomechanism combined with surgery is ex-
pected to further improve the survival rate of patients.
Furthermore, as the component of aortic vessel wall,
the lesion of vascular smooth muscle cells (VSMCs)
was considered as the important reasons for the
onset of aortic dissection [4]. The VSMCs of aortic
wall mainly showed low differentiation, strong pro-
liferation and metastasis [5]. In addition, the large
amount of extracellular matrix secreted by VSMCs
also promotes their proliferation and invasion [6].
These effects of VSMCs attenuate the stability of
the blood vessel wall, which in turn may induce the
occurrence of aortic dissection [7].
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Non-coding RNA is a type of RNA that does not
translate into protein. Recent studies have found
that non-coding RNA played a crucial role during the
physiological process of cell differentiation, apoptosis,
proliferation and metabolism [8, 9]. Other research
also revealed that miRNA was related to the occur-
rence and development of aortic dissection [10]. On
the other hand, the overexpression of miRNA-30a
promoted the development of aortic dissection [11].
Our results showed that levels of miR-140-5p were also
downregulated in the VSMCs during the development
of aortic dissection. However, the function of miR-140-
5p during the development of aortic dissection and
its molecular mechanism are unclear. Therefore, we
explored the effect of miR-140-5p on the development
of aortic dissection in an in the culture of VSMCs. Our
findings suggest that miR-140-5p has the potential to
suppress the aortic dissection by restricting the prolif-
eration and metastasis of vascular smooth muscle cells.

Material and methods

Collection of tissue samples. Samples of ascending aorta
tissue (10 samples of aortic dissection patients and 7 samples
of normal people, all these patients were 35 years old, half
of the patients was male and others were female, 3 normal
people were male and others were female) were collected
from the hospital and used for the detection. These samples
were collected during the clinical operation. Then we used
liquid nitrogen to freeze these samples, and then we used
a mortar to grind these samples. Finally, Trizol (Thermo
Fisher Scientific, Waltham, MA, USA) was applied to extract
RNA and protein from these samples. This experiment has
been approved by the Ethics Committee of Tangshan Gon-
gren Hospital, Tangshan, China. All the operation of this
study followed the World Medical Association Declaration
of Helsinki [12].

Cell culture and transfection. Human aortic vascular smooth
muscle cell line (CRL-1999) was applied for the experiments
in this study. CRL-1999 cell line was acquired from the
ATCC (Manassas, VA, USA). All the cells were incubated
in 37°C humid atmosphere with 5% CO, in RPMI-1640
medium (Hyclone, Logan, UT, USA) supplemented with the
10% fetal bovine serum (FBS, Gibco, Gaithersburg, MD,
USA). Furthermore, the inhibitor and mimic of miR-140-5p
were obtained from the Genechem (Shanghai, China) and
applied for the transfection of these cells. Plasmids used in
this assay were obtained from the Genechem. Polybrene
was mixed with the lentivirus (with the ratio of 1:7) con-
taining the inhibitor and mimic of miR-140-5p and applied
to promote the efficiency of transfection. Subsequently, the
mixed lentivirus medium was co-cultured with these cells
for 12 hours to complete the transfection. Since the plasmid
vector contained antibiotic resistance genes, we used media
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supplemented with puromycin (Img/mL, Thermo Fisher
Scientific) to culture these cells in subsequent experiments
to screen for successfully transfected cells.

Bromodeoxyuridine (BrdU) incorporation assay. CRL-1999
cells were incubated with 10 um bromodeoxyuridine (BrdU)
(Sigma, Burbank CA, USA) for 4 hours in the incubator.
Next, these cells were rinsed with the PBS buffer (phos-
phate-buffered saline) and fixed with 4% formaldehyde.
Then, these cells were washed with PBS again and incubated
with the 4N HCI containing 1% Triton X-100 for 15 min.
Next, anti-BrdU antibodies (SigmaAldrich) were diluted
with PBS and incubated with the cells. At last, these cells
were incubated with anti-mouse IgG-Cy3 (SigmaAldrich) in
the dark and the fluorescence was detected by spectropho-
tometer (Aoxi Company, Shanghai, China).

Cell counting kit-8 (CCK-8). Before the assays, CRL-1999
cells were plated into four 96 well plates. After the adhesion
(0, 24, 48 and 72 hours) of these cells, the CCK-8 (Dojindo,
Kumamoto, Japan) was diluted with the RPMI-medium
(1:10) and incubated with the cells at 37°C for 1 hour. Then,
the absorbance of these cells was detected by spectropho-
tometer (Aoxi Company). And the absorbance of these cells
reflected the proliferation of these cells.

Wound healing assays. CRL-1999 cells were plated in the
6 well plates before the experiment. After adhesion was
reached, the cells were cultured with the serum-free medium
for 12 h. Then, the scratch was created with the pipette tip.
The scratch was photographed with inverted microscope
(Olympus, Tokyo, Japan) after 0 and 24 h. The width of the
scratch was measured with the Image J software (National
Institutes of Health, Bethesda, MD, USA).

Transwell assay. CRL-1999 cell line was cultured with the
medium without FBS serum for 12 h. In addition, the matrix
gel (10 mg/mL, BD, USA) was diluted with the FBS-free
medium (with the ratio of 1:10) and added into the upper
layer of the 8 um Boyden chamber (Corning, NY, USA).
Cells were seeded into the upper layer of the chamber.
The medium containing FBS was added into the lower
layer of the chamber. Then, Boyden chamber was placed
in the incubator for 24 h. Then, cells that pass through the
aperture were stained with the crystal violet (Thermo Fish-
er Scientific) and photographed with inverted microscope.

RT-PCR. Total RNA was collected with the Trizol (Thermo
Fisher Scientific). Then, the reverse transcription kit (Taka-
ra, Shiga, Japan) was used for the reverse transcription of
RNA. Next, ABI7500 system (Thermo Fisher Scientific) was
used for the amplification of cDNA and the relative levels
of the target genes were analyzed with the 244 method
[13]. The primers used in this study were listed in Table 1.
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Table 1. Primers used for the qPCR

Qing Ma et al.

Gene Forward primer Reverse primer
miR-140-5p 5-TGCGGCAGTGGTTTTACCCTATG-3 5’-CCAGTGCAGGGTCCGAGGT-3’
U6 5-TGCGGGTGCTCGCTTCGGCAGC-3 5-CCAGTGCAGGGTCCGAGGT-3

Western blotting. Total protein was extracted by RIPA buff-
er (Beyotime, Beijng, China). Then, protein concentration
was determined by BCA method (Beyotime). After that, pro-
teins were segregated by 10% SDS-PAGE gel (Beyotime).
Next, PVDF membranes were used for the adsorption of
these proteins. Then, 5% skim milk powder (BD, USA) was
prepared for the blocking of these membranes. After that,
these membranes were hatched by primary antibodies. The
primary antibodies used in this research included MMP-2
(Abcam, ab51075), MMP-9 (Abcam, ab76003), NCKAP1
(Abcam, ab126061) and S-actin (Abcam, ab8226). In the
second day, these membranes were hatched with the second
antibody (Abcam, ab6721). These primary and second an-
tibodies were diluted with the antibody diluent (Beyotime)
with the ratio (1:1000). Finally, the bands were emerged
with the enhanced chemiluminescence reagents (Pierce,
Rockford, IL, USA).

Luciferase reporter assays. CRL-1999 cells were cultured in
the 6 well plates. Next, psiCHECKTM-2 vector (Genechem)
contained the cloned miR-140-5p binding site of NCKAP1
(NCKAP1-wild type) was co-transfected with mimics NC
or miR-140-5p mimics by Lipofectamine?® transfection
reagent. The psiCHECKTM-2 vector containing a mutant
sequence of miR-140-5p binding site (3’-untranslated region
of NCKAP1), named NCKAP1-mutation (Mut), was estab-
lished with QuickChange Site-Directed Mutagenesis Kit
(Stratagene, La Jola, CA, USA). Fluorescence intensity was
detected with the luciferase Reporter Assay Kit (Promega,
Fitchburg, WI, USA) after the transfection.

Statistical analysis. GraphPad Prism 6.0 software (GraphPad
Software Inc., San Diego, CA, USA) was used for analyzing of
the data. And data was displayed as mean = standard devia-
tion (SD) in this paper. All the experiments were repeated for
three times. The linear regression was used for the analysis of
the expression between miR-140-5p and NCKAP1. Student’s
t test was applied for the analyzed of the data in this paper.
And there is the statistically significant difference between
the two groups until the values of p was less than 0.05.

Results

miR-140-5p inhibited proliferation of vascular
smooth muscle cells

To detect the efficacy of miR-140-5p on development
of aortic dissection, we detected the expression of
miR-140-5p in blood vessel wall of aortic dissection
©Polish Society for Histochemistry and Cytochemistry
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Figure 1. The expression of miR-140-5p was inhibited in blood
vessel tissues of aortic dissection patients. The expression
of miR-140-5p in vessel tissues of aortic dissection patients
and normal vessel tissues was detected with the RT-PCR as
described in Methods. Con, tissue from aorta’s wall of nor-
mal subjects; TAD, tissue from the wall of aortic dissection
patients. ***p < 0.001.

patients and normal vascular tissues. According to
the results (Fig. 1), we revealed that the levels of
miR-140-5p were decreased during the occurrence
and development of aortic dissection. Next, lentivirus
contained the plasmids of overexpression miR-140-5p
or miR-140-5p shRNA were applied to upregulate
or downregulate miR-140-5p in CRL-1999 cells, re-
spectively. Then the CCK-8 assay was applied for the
detection of the viability of these cells. The results in
Figure 2A showed that the viability of these cells was
repressed after the overexpression of miR-140-5p and
enhanced after the inhibition of miR-140-5p. Similar-
ly, results (Fig. 2B) of BrdU assays also showed that
overexpression of miR-140-5p suppressed the pro-
liferation of these cells. Furthermore, the inhibition
of miR-140-5p promoted the proliferation of these
cells. Results of this part revealed that miR-140-5p
suppressed the proliferation and viability of vascular
smooth muscle cells.

miR-140-5p suppressed the migration and invasion
of vascular smooth muscle cells

Next, we detected the migration of CRL-1999 cells by
wound healing assays. The results (Fig. 3A) showed
that the healing rate of scratches was slower when the
expression of miR-140-5p was promoted in these cells.
However, the healing rate was faster when the levels
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Figure 2. Overe xpression of miR-140-5p inhibited the prolif-
eration of vascular smooth muscle cells. A. The cell viability
of vascular smooth muscle cells was detected with the CCK-8
assay. B. Proliferation of vascular smooth muscle cells was
determined with BrdU assay. ***p < 0.001.
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of miR-140-5p were inhibited. In addition, results
(Fig. 3B) of transwell showed that the quantity of
invasion cells was reduced after overexpression of
miR-140-5p. However, the number of invasion cells
was promoted after inhibition of miR-140-5p in
CRL-1999 cells. Furthermore, the results (Fig. 3C)
of western blotting showed that the expression of
MMP-2 and MMP-9 was inhibited after overexpres-
sion of miR-140-5p. However, the levels of MMP-2
and MMP-9 were upregulated after inhibition of
miR-140-5p. And these results suggested that miR-
140-5p restricted the migration and invasion of
vascular smooth muscle cells.

miR-140-5p targeted and restricted the expression
of NCKAPI in vascular smooth muscle cells

By querying Targetscan database (targetscan, http://
www.targetscan.org/vert_72/), we found that miR-
140-5p had the potential to bind to the 3’-UTR of
NCKAP1. The results (Fig. 4A) of RT-PCR also
showed that the expression of NCKAP1 was promoted
in blood vessel wall of aortic dissection patients com-
pared to the normal tissues. And the results (Fig. 4B)

Figure 3. Overexpression of miR-140-5p inhibited the migration and invasion of vascular smooth muscle cells. A. The migration of
vascular smooth muscle cells was detected by the wound healing assay. B. Invasion of vascular smooth muscle cells was determined
with transwell assay. C. The expression of MMP-2 and MMP-9 were detected by western blotting. *p < 0.05, **p < 0.01, ***p < 0.001.
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Figure 4. miR-140-5p targeted and inhibited the expression of NCKAP1 in vascular smooth muscle cells. A. The expression
of NCKAP1 in clinical samples was detected with the RT-PCR. B. Linear regression analysis was performed to detect the
relationship between miR-140-5p and NCKAPI1. C. Target region between miR-140-5p and NCKAP1 was depicted. D.
The fluorescence intensity of vascular smooth muscle cells was measured with the spectrophotometer. E. Western blotting
was performed to detect the expression of NCKAP1 in vascular smooth muscle cells after the overexpression or inhibition
of miR-140-5p. F. The expression of NCKAP1 in vessel tissues of aortic dissection patients and normal vessel tissues was

detected with western blotting. **p < 0.01, ***p < 0.001.

of linear-regression analysis also showed that the ex-
pression of NCKAP1 was negatively correlated with
the levels of miR-140-5p. Results of luciferase report-
er assay also showed that the fluorescence intensity
was suppressed in the NCKAP1 wild type and miR-
140-5p overexpression system. However, there was no
difference of the fluorescence between the negative
control and miR-140-5p overexpression group after
the mutation of 3’-UTR of NCKAP1 (Fig. 4C and Fig.
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4D). Next, the expression of NCKAP1 in miR-140-5p
overexpression and suppression CRL-1999 cells was
determined by western blotting. The results (Fig. 4E)
revealed that the level of NCKAP1 was repressed
when the expression of miR-140-5p was promoted in
these cells. Moreover, expression of NCKAP1 was
enhanced when the expression of miR-140-5p was
suppressed in CRL-1999 cells. Finally, we also found
that the expression of NCKAP1 was upregulated in
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Figure 5. Suppression of NCKAP1 repressed the proliferation, migration and invasion of miR-140-5p inhibition vascular
smooth muscle cells. A. The expression of NCKAP1 was detected by western blotting. B. BrdU assay was performed to
detect the proliferation of vascular smooth muscle cells. C. Wound healing assay was conducted to detect the migration
of vascular smooth muscle cells. D. Invasion of vascular smooth muscle cells was determined with the transwell assay.

*5p < 0.01, ***p < 0.001.

arterial vascular wall of aortic dissection patients
compared to the normal tissues (Fig. 4F).

Repression of NCKAPI restricted the proliferation,
migration and invasion of miR-140-5p inhibition
vascular smooth muscle cells

In this part, we suppressed the expression of NCKAP1
in miR-140-5p inhibition vascular smooth muscle cells.
The results (Fig. 5A) showed that the protein levels of
NCKAP1 were decreased in the cells transfected with
sh-NCKAP1. And the results (Fig. 5B) of BrdU assays
showed that the proliferation of CRL-1999 cells was
inhibited after the suppression of NCKAP1. Finally,
wound healing and transwell assays were performed
to explore the changing of migration and invasion
of CRL-1999 cells after the repression of NCKAP1.
According to the results (Fig. 5C and Fig. 5D), the
migration and invasion of the miR-140-5p inhibition
CRL-1999 cells were inhibited after the suppression of
NCKAP1. These results also implied that the effects
of miR-140-5p/NCKAP1 axis on the proliferation,
migration and invasion of vascular smooth cells.

Discussion

Weakening of the arterial wall often induced the for-
mation of aortic dissection. And the main feature of
aortic dissection is the separation of the aortic media
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induced by blood flow [14]. And the development of
aortic dissection may induce the occurrence of the
aortic aneurysm [15]. However, the specific molecular
mechanism of aortic dissection is still unclear.

Furthermore, vascular smooth muscle cell is the
main cell type in the media layer of the aorta. And
the existent of vascular smooth muscle cell played
an important role in maintaining the normal physio-
logical function of the aortic wall [1, 16]. In addition,
previous research revealed that the EZH?2 could affect
the development of aortic dissection by regulating the
autophagy of vascular smooth muscle cells [17]. Some
studies also suggested that proliferation and metastasis
of vascular smooth muscle cells were correlated to the
development of vascular disease [18, 19]. For instance,
miR-146a-5p promoted the development of aortic dis-
section by enhancing the proliferation and migration
of vascular smooth muscle cells [20]. However, there is
also research revealed that the proliferation of VSMCs
led to the occurrence of plaque of blood vessels and
did not induce the aortic dissection [21]. Most of these
results from the previous studies suggested that the in-
tensive proliferation and migration of vascular smooth
muscle cell promoted the occurrence and development
of aortic dissection. In addition, some studies also
pointed out that miR-140-5p repressed the prolifera-
tion of human pulmonary artery smooth muscle cells
[22, 23]. Similarly, we also found that the expression
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of miR-140-5p was downregulated in arterial wall of
aortic dissection patients. In addition, overexpression
of miR-140-5p repressed the proliferation and migra-
tion of vascular smooth muscle cells. All these results
suggested that miR-140-5p restricted the proliferation,
migration and invasion of vascular smooth muscle cell.
And the results of our study implied that higher levels
of miR-140-5p might have the potential to repress the
development of the aortic dissection by suppressing
the proliferation, migration and invasion of vascular
smooth muscle cells.

On the other hand, miRNAs could affect the expres-
sion of target genes by binding to the 3>-UTR of the
these genes [24]. By querying the database, we found
that miR-140-5p has potential to bind to and affect the
expression of NCKAP1. NCKAP1 is localized along
the lamellipodia and associated with the migration of
multiple types of cells [25]. Another study also revealed
that the expression of NCKAP1 promoted the metas-
tasis of breast tumor cells and induced poor prognosis
of these patients [26]. Previous study suggested that
miR-214 repressed the proliferation, migration and
invasion of vascular smooth muscle cells by inhibiting
the expression of NCKAPI. In this study, we revealed
that miR-140-5p targeted and suppressed the expression
of NCKAP1. And the expression of NCKAP1 was also
upregulated in the arterial wall of aortic dissection pa-
tients. Furthermore, repression of NCKAP1 restricted
the proliferation, migration and invasion of miR-140-5p
inhibition vascular smooth muscle cells. These results
also indicated that NCKAP1 was played a crucial role
during the development of aortic dissection. And the re-
sults in our study suggested that NCKAP1 can enhance
the proliferation and invasion of multiple types of cells.
Above all, in this study, we revealed that miR-140-5p
inhibited the proliferation, migration and invasion of
vascular smooth muscle cells by decreasing of the levels
of NCKAP1. And results also implied that miR-140-5p
has the potential to impede the development of aortic
dissection. Moreover, the results of our research of-
fered new targets and strategy of the clinic treatment
of aortic dissection.
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