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Abstract. Carotid angioplasty and stenting have developed 
into reliable options for patients with carotid stenosis. 
However, postoperative restenosis remains a serious and 
unresolved problem. Restenosis is partly caused by the 
proliferation of vascular smooth muscle cells. As certain 
long non‑coding RNAs (lncRNAs) affect cell proliferation 
and migration, the present study aimed to investigate them 
as novel biomarkers for restenosis development and to further 
reveal the potential underlying mechanisms. The expression 
of lncRNA small nucleolar RNA host gene 1 (SNHG1) and 
microRNA145 (miR‑145) in human carotid artery smooth 
muscle cells (hHCtASMCs) was analyzed using reverse tran‑
scription‑quantitative PCR. In addition, a luciferase reporter 
assay was performed to investigate the interaction between 
SNHG1 and miR‑145. The effects of the SNHG1/miR‑145 
axis on the proliferation and migration of hHCtASMCs 
were evaluated by Cell Counting Kit‑8 and Transwell assays. 
Serum SNHG1 and miR‑145 expression levels were increased 
and decreased, respectively, in patients with restenosis 
(all P<0.001). High SNHG1 and low miR‑145 were identified 
as risk factors for restenosis onset (all P<0.01). Furthermore, 
decreasing SNHG1 expression levels in hHCtASMCs inhib‑
ited cell proliferation and migration. The luciferase reporter 
assay and expression results demonstrated that miR‑145 may 
be a target of SNHG1 and mediated the effects of SNHG1 on 
hHCtASMC proliferation and migration. The results obtained 
suggested that abnormal expression of SNHG1 and miR‑145 
may be risk factors for restenosis. The present study revealed 
that the SNHG1/miR‑145 axis regulates hHCtASMC prolif‑
eration and migration, indicating its potential for restenosis 
prevention and treatment.

Introduction

Carotid stenosis is the narrowing or contraction of the internal 
surface of the carotid artery (1). In patients with severe carotid 
stenosis, the incidence of cerebral ischemic events within 2 years 
is as high as 26% (2). Carotid stenosis is a major risk factor for 
stroke that leads to brain damage (3), and it is a common cause 
of ischaemic stroke and transient ischaemic attack (4). In >60% 
of cases of cerebral infarction, the cause is carotid stenosis, and 
severe cerebral infarction may lead to disability or even death 
of patients (5). Carotid stenosis seriously threatens the health of 
affected individuals. Over the past decade, carotid angioplasty 
and stenting (CAS) has been recognized as a safe and effec‑
tive treatment for patients with carotid stenosis (6). However, 
restenosis remains a serious and unresolved problem following 
CAS treatment (7). Therefore, exploring the molecules related 
to the occurrence and development of restenosis is of great 
significance to prevent restenosis and improve the efficacy 
of CAS in the treatment of carotid stenosis. Vascular smooth 
muscle cells (VSMCs) are the major cell type in blood vessels. 
Unlike numerous other mature cell types in the adult body, 
VSMCs cannot terminally differentiate and therefore retain a 
significant plasticity (8). VSMC proliferation is an important 
feature of restenosis and one of the important pathological 
mechanisms of restenosis (9). Thus, exploring the regulatory 
mechanisms of VSMC proliferation and testing methods of 
interfering with VSMC proliferation are expected to provide 
novel ideas and targets for preventing restenosis.

Several studies have indicated that circulating microRNA 
(miRNA/miR)‑145 is significantly associated with vascular 
restenosis after stent implantation (10,11). Targeted regula‑
tion of miR‑145 by long‑noncoding (lnc)RNA small nucleolar 
RNA host gene 1 (SNHG1) (12‑14). As a potential marker of 
restenosis, miR‑145 has the ability to inhibit VSMC prolifera‑
tion and migration (15). Yang and Zi (16) reported that SNHG1 
participates in the cerebrovascular pathological process of 
stroke. SNHG1 also has the function of regulating endothelial 
cell function (17). However, the regulatory effect of SNHG1 on 
VSMC function, an important mechanism in the pathological 
process of restenosis, has not been reported. Therefore, the 
aim of the present study was to analyze the expression level of 
SNHG1 in patients with restenosis after carotid artery stenosis 
stenting, and to explore the regulatory effect of SNHG1 on the 
proliferation and migration of VSMCs.
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Materials and methods

Patient inclusion and sample collection. The present study 
included 20 patients with restenosis and 30 patients without 
restenosis underwent CAS for carotid stenosis at Cangzhou 
Central Hospital (Cangzhou, China) between February 2014 
and October 2016. The degree of stenosis was determined 
using the criteria of the North American Symptomatic Carotid 
Endarterectomy trial (18). Patients were excluded if any of the 
following applied: i) Acute infection, cough, fever or diarrhea; 
ii)  chronic inflammatory diseases; iii) malignant tumors; 
iv) severe kidney or liver diseases; v) poor adherence. Blood 
samples were collected from subjects after CAS, the blood 
samples were all centrifuged for serum isolation immediately 
after collection to avoid hemolysis in this experiment and 
stored at ‑80˚C for future use. The demographic and clinico‑
pathological characteristics of the patients were recorded and 
listed in Table I, including age, sex, body mass index, smoking 
status, drinking status, diabetes, hypertension, hyperlipidemia, 
total cholesterol (TC), triglyceride, high‑density lipoprotein 
cholesterol and low‑density lipoprotein cholesterol (LDL‑C). 
Written informed consent was obtained from patients or 
their relatives for the use of blood samples and clinical data. 
Experimental procedures were approved by the guidelines 
of the Ethics Committee of Cangzhou Central Hospital 
(Cangzhou, China; approval no. CZCH14h0280).

Cell culture and transfection. The human carotid artery 
smooth muscle cell (hHCtASMC) line was purchased from 
the Cell Applications, Inc. and was cultured with Medium 231 
and Smooth Muscle Growth Supplement (Thermo Fisher 
Scientific, Inc.) in an incubator containing air with 5% CO2 
at 37˚C.

Cell transfection was used to achieve the in vitro regulation 
of SNHG1 and miR‑145 in the present study. Short interfering 
(si)RNA targeting SNHG1 (si‑SNHG1), negative control 
siRNA (si‑NC), mimics NC, miR‑145 mimics, inhibitor NC 
and miR‑145 inhibitor were synthesized from GenePharma and 
were transfected into hHCtASMCs using Lipofectamine 3000 
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the 
manufacturers' protocol . Cells treated with only transfection 
reagen ts were set as a mock group. After 48 h of transfec‑
tion, the cells were used for further analyses. The transfected 
sequences were as follows (from 5' to 3'): si‑SNHG1, 5'‑CUU​
AAA​GUG​UUA​GCA​GAC​ATT‑3'; si‑NC, 5'‑UUC​UCC​GAA​
CGU​GUC​ACG​UTT‑3'; miR‑145 mimic, 5'‑GUC​CAG​UUU​
UCC​CAG​GAA​UCC​CU‑3'; miR‑145 inhibitor, 5'‑AGG​GAU​
UCC​UGG​GAA​AAC​UGG​AC‑3'; mimics NC, 5'‑UUC​UCC​
GAA​CGU​GUC​ACG​U‑3'; inhibitor NC, 5'‑CAG​UAC​UUU​
UGU​GUA​GUA​CAA‑3'.

RNA extraction and reverse transcription‑quantitative PCR 
(RT‑qPCR). Total RNA was obtained from fresh serum 
samples and cells with TRIzol reagent (Invitrogen; Thermo 
Fisher Scientific, Inc.) and the RNA was reversely transcribed 
into single‑stranded complementary DNA with a PrimeScript 
reverse transcriptase reagent kit (Takara Bio, Inc.) following 
the manufacturer's protocol. The expression of SNHG1 
and miR‑145 was measured by real‑time qPCR, which was 
performed using a SYBR‑Green I Master Mix kit (Invitrogen; 

Thermo Fisher Scientific, Inc.) on a 7500 Real‑Time PCR 
System (Applied Biosystems; Thermo Fisher Scientific, Inc.). 
The following thermocycling conditions were used: Initial 
denaturation at 95˚C for 10 min; followed by 40 cycles of 95˚C 
for 20 sec, 58˚C for 15 sec and 72˚C for 20 sec. U6 was used 
as an endogenous control for miR‑145 and GAPDH was used 
as an endogenous control for SNHG1. The oligonucleotide 
primer sequences were as follows: SNHG1 forward, 5'‑CCC​
CAT​GAT​GGT​TCC​TCA​GTT‑3' and reverse, 5'‑GGA​AAG​
CAA​GTG​CAG​GTT​AGTC‑3'; GAPDH forward, 5'‑TGC​ACC​
ACC​AAC​TGC​TTA​GC‑3' and reverse, 5'‑GGC​ATG​CAC​
TGT​GGT​CAT​GAG‑3'; miR‑145 forward, 5'‑GCC​GAG​GUC​
CAG​UUU​UCC​CC‑3' and reverse, 5'‑CTC​AAC​TGG​TGT​
CGT​GGA‑3'; U6 forward, 5'‑CTC​GCT​TCG​GCA​GCA​CA‑3' 
and reverse, 5'‑AAC​GCT​TCA​CGA​ATT​TGC​GT‑3'. The final 
expression value was calculated using the 2‑ΔΔCq method (19).

Cell proliferation analysis. A Cell Counting Kit 8 (CCK‑8) 
assay was used to analyze the cell proliferation. Cells were 
seeded into a 96‑well plate at 5x103 cells/well and incubated 
for 0, 24, 48 or 72  h. Subsequently, as per the manufac‑
turer's protocol, 10 µl CCK‑8 reagent (Beyotime Institute 
of Biotechnology) was added to each well, followed by 
further incubation for 2 h. The optical density at 450 nm was 
determined using a microplate reader.

Transwell assay. Transwell chambers (Corning, Inc.) 8.0 µm 
pore size filter membranes (Corning, Inc.) without Matrigel 
coating (for migration assay) were used to analyze the migration 
ability of hHCtASMCs. Cells (2x105 cells/well) in serum‑free 
culture medium were seeded into the upper chambers, while 
the lower chambers were filled with medium containing 2% 
FBS (Gibco; Thermo Fisher Scientific, Inc.). After incuba‑
tion at 37˚C for 48 h, the cells that had migrated to the lower 
chambers were stained with 0.1% crystal violet for 10 min at 
room temperature and the cell number in five random fields 
was counted under an inverted microscope (Olympus Corp.).

Luciferase reporter assay. The bioinformatics database, 
StarBase v.2.0 (http://starbase.sysu.edu.cn/starbase2/), was 
used to decipher miRNA‑target interactions. After determining 
that miR‑145 contained a binding site of SNHG1, a luciferase 
reporter assay was used to confirm the interaction between 
miR‑145 and SNHG1. The wild‑type (WT) and mutant‑type 
(MUT) of the SNHG1 sequence that contained the binding site 
for miR‑145 were individually combined into the pGL3‑lucif‑
erase basic reporter vector (Promega  Corp.). The MUT 
sequence was obtained using a QuickMutation kit (Beyotime 
Institute of Biotechnology). The respective combined vectors 
were then co‑transfected into hHCtASMCs with miR‑145 
mimics or mimics NC using Lipofectamine 3000 (Invitrogen; 
Thermo Fisher Scientific, Inc.). Changes in luciferase activity 
were analyzed by Dual Luciferase Reporter Assay System 
(Promega Corp.) and normalized to Renilla luciferase activity.

Statist ical analysis. Values are expressed as the 
mean  ±  standard deviation and analyzed with SPSS  21.0 
(IBM Corp.) and GraphPad 7.0 (GraphPad Software, Inc.). 
Differences between groups were analyzed with Student's t‑test 
or one‑way ANOVA with Tukey's multiple‑comparison test. 
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Pearson correlation analysis was used to analyze the correla‑
tion between the expression of SNHG1 and miR‑145. Logistic 
regression analysis was used to analyze the correlation between 
SNHG1, miR‑145 and the occurrence of restenosis. P<0.05 
was considered to indicate a statistically significant difference.

Results

Expression of SNHG1 and miR‑145 in patients with restenosis. 
The relative expression levels of SNHG1 and miR‑145 in the 
serum of patients with and without restenosis was determined 
by RT‑qPCR. The results revealed that the expression of 
SNHG1 was significantly upregulated (P<0.001; Fig. 1A), while 
that of miR‑145 was downregulated (P<0.001; Fig. 1B) in the 
serum of patients with restenosis compared with the patients 
without restenosis. There was a significant negative correla‑
tion between the expression levels of SNHG1 and miR‑145 in 
serum of patients with restenosis (r=‑0.894; P<0.001; Fig. 1C).

Association of SNHG1 and miR‑145 with restenosis. The clin‑
ical data of all patients, including age, sex, BMI, smoking and 

drinking status, hypertension, hyperlipidemia, TC, TG, HDL‑C, 
LDL‑C and the expression levels of SNHG1 and miR‑145 were 
included in the univariate and multivariate logistic regression 
analysis. The continuous data, including age, TC, TG, HDL‑C, 
LDL‑C, SNHG1 and miR‑145, were classified based on median 
value, and 24 kg/m2 was used as a threshold for BMI. The 
results indicated that SNHG1 (P=0.008), miR‑145 (P=0.002), 
diabetes (P=0.049), TC (P=0.044) and LDL‑C (P=0.032) were 
independently associated with the occurrence of restenosis and 
are thus potential risk factors for the occurrence of restenosis 
in patients following CAS (Table II).

Knockdown of SNHG1 inhibits the proliferation and migra‑
tion of hHCtASMCs. In the present study, the regulatory effect 
of SNHG1 on the proliferation and migration of hHCtASMCs, 
which is associated with restenosis, was analyzed. By trans‑
fection of si‑SNHG1, the expression levels of SNHG1 in 
hHCtASMCs were successfully downregulated (P<0.001; 
Fig. 2A). The results of the in vitro assays indicated that cell 
proliferation and migration were significantly inhibited after 
silencing of SNHG1 (all P<0.01; Fig. 2B‑D).

SNHG1 directly inhibits miR‑145 expression in hHCtASMCs. 
The complementary sequences of miR‑145 and SNHG1 at 
StarBase v.2.0 web are presented in Fig. 3A. To confirm the 
accuracy of this prediction, a luciferase reporter assay was 
performed in hHCtASMCs. The experimental results indicated 
that upregulation of miR‑145 suppressed the luciferase activity 
in the WT‑SNHG1 group (P<0.05; Fig. 3B), while it was not 
affected in the MUT group. Furthermore, RT‑qPCR, indicated 
that silencing of SNHG1 significantly increased the expression 
levels of miR‑145 in hHCtASMCs (P<0.05; Fig. 3C). It was 
thus suggested that SNHG1 is able to directly interfere with 
the expression of miR‑145 in hHCtASMCs.

miR‑145 mediates the effects of SNHG1 on hHCtASMC 
proliferation and migration. miR‑145 inhibitor significantly 
inhibited the expression of miR‑145, but knockout of SNHG1 
promoted the expression of miR‑145 in hHCtASMCs. When 
hHCtASMCs were co‑transfected with si‑SNHG1 and 
miR‑145 inhibitor, it was indicated that miR‑145 inhibitor 
was able to abolish the increase of miR‑145 expression 
caused by knockout of SNHG1 (all P<0.01; Fig. 4A). Analysis 
of the cells' activities under different treatment conditions 
revealed that silencing of miR‑145 significantly promoted 

Table I. Baseline characteristics of the study subjects.

Variable	 non‑ISR (n=30)	 ISR (n=20)	 P‑value

Age (years)	 64.5±7.2	 67.5±8.5	 0.199
Male sex	 26	 17	 0.868
BMI (kg/m2)	 24.7±2.5	 25.1±3.1	 0.640
Smoking status	 12	 9	 0.726
Alcohol consumption	 12	 10	 0.166
Diabetes	 8	 10	 0.018
Hypertension	 20	 16	 0.304
Hyperlipidemia	 13	 11	 0.419
TC (mg/dl)	 149.0±36.3	 169.88±36.9	 0.046
TG (mg/dl)	 143.0±48.5	 134.6±48.0	 0.548
HDL‑C (mg/dl)	 40.1±6.7	 41.7±7.1	 0.433
LDL‑C (mg/dl)	 96.6±19.9	 84.2±18.5	 0.031

BMI, body mass index; TC, total cholesterol; TG, triglyceride; 
HDL‑C, high‑density lipoprotein cholesterol; LDL‑C, low‑density 
lipoprotein cholesterol; ISR, in‑stent restenosis.

Figure 1. Expression of SNHG1 and miR‑145 in patients with restenosis. (A) The expression of SNGH1 was higher in patients with restenosis than that in 
patients without restenosis. (B) miR‑145 levels were lower in patients with restenosis. (C) Serum SNHG1 and miR‑145 levels were significantly negatively 
correlated in patients with restenosis. ***P<0.001 vs. non‑restenosis group. miR, microRNA; SNHG1, small nucleolar RNA host gene 1.
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cell proliferation and migration but knockout of SNHG1 
suppressed cell proliferation and migration, while in the case 
of co‑regulation of SNHG1 and miR‑145, it was observed that 
miR‑145 inhibitor significantly reversed the inhibitory effect 

of SNHG1 silencing on the proliferation and migration of 
hHCtASMCs (all P<0.05; Fig. 4B‑D), indicating that miR‑145 
mediated the regulatory effect of SNHG1 on cell functions of 
hHCtASMCs.

Figure 2. Knockdown of SNHG1 inhibits cell proliferation and migration of hHCtASMCs. (A) The expression of SNHG1 was successfully reduced by 
si‑SNHG1 in hHCtASMCs. (B) In hHCtASMCs, knockout of SNHG1 inhibited cell proliferation. (C and D) The migration of hHCtASMCs decreased signifi‑
cantly after transfection with si‑SNHG1. (C) Representative images of Transwell membranes (magnification, x100) and (D) quantified numbers of migratory 
cells in each group. **P<0.01 and ***P<0.001 vs. control. si‑SNHG1, short interfering RNA targeting small nucleolar RNA host gene 1; hHCtASMCs, human 
carotid artery smooth muscle cells; NC, negative control; OD, optical density.

Table II. Results of the logistic analysis for patients with restenosis.

	 Univariate analysis	 Multivariate analysis
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable	 OR	 95% CI	 P‑value	 OR	 95% CI	 P‑value

Age (≥65 years vs. <65 years)	 1.531	 0.862‑2.371	 0.268	 1.325	 0.856‑2.369	 0.286
Gender (male vs. female)	 1.226	 0.701‑1.894	 0.794	 1.123	 0.952‑1.236	 0.758
BMI (≥24 kg/m2 vs. <24 kg/m2)	 1.112	 0.891‑2.555	 0.121	 1.523	 0.758‑2.569	 0.162
Smoking status (yes vs. no)	 1.336	 0.740‑2.397	 0.549	 1.156	 0.652‑3.296	 0.521
Alcohol consumption (yes vs. no)	 1.401	 0.812‑2.306	 0.521	 2.212	 0.785‑4.621	 0.596
Diabetes (yes vs. no)	 1.505	 1.038‑2.377	 0.041	 1.526	 1.068‑2.768	 0.049
Hypertension (yes vs. no)	 1.520	 1.013‑1.886	 0.046	 2.425	 0.856‑3.965	 0.132
Hyperlipidemia (yes vs. no)	 1.131	 0.801‑2.089	 0.407	 1.132	 0.925‑1.995	 0.856
TC (high vs. low)	 1.721	 1.124‑2.579	 0.031	 2.569	 1.451‑3.874	 0.044
TG (high vs. low)	 1.524	 0.951‑2.185	 0.082	 1.589	 0.802‑3.552	 0.356
HDL‑C (high vs. low)	 1.208	 0.712‑1.941	 0.507	 1.124	 0.936‑1.696	 0.784
LDL‑C (low vs. high)	 1.896	 1.375‑3.752	 0.016	 2.232	 1.521‑4.132	 0.032
miR‑145 (low vs. high)	 2.597	 1.812‑3.997	 <0.001	 2.896	 1.812‑4.712	 0.002
SNHG1 (high vs. low)	 2.366	 1.672‑3.413	 0.001	 2.751	 1.685‑4.556	 0.008

miR, microRNA; SNHG1, small nucleolar RNA host gene 1; OR, odds ratio; BMI, body mass index; TC, total cholesterol; TG, triglycerides; 
H/LDL‑C, high/low‑density lipoprotein cholesterol.
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Discussion

Carotid stenosis is a major risk factor for stroke that leads to 
brain damage (3). In the last decade, CAS has been developed 
into a viable alternative treatment to carotid endarterectomy 
for patients with symptomatic moderate and high‑grade 
stenosis  (20). However, restenosis still remains an unre‑
solved issue following CAS treatment (7). Thus, in order to 
develop more effective therapeutic approaches for preventing 
restenosis, an improved understanding of the molecular 
mechanisms of restenosis is important. One of the important 
characteristics of restenosis is abnormal proliferation of 
VSMCs (21). Therefore, it is urgent to understand the molecular 
mechanisms underlying restenosis and develop specific drugs 
that target VSMCs. lncRNAs are critical regulatory factors for 
VSMC function (22). For instance, lncRNA‑taurine upregu‑
lated gene 1 knockdown attenuated oxidized LDL‑induced 
injury through regulating the proliferation and apoptosis of 
VSMCs and human umbilical vein endothelial cells via the 
miR‑148b/insulin‑like growth factor 2 axis, providing a novel 
mechanism for the pathogenesis of atherosclerosis  (23). In 
occlusive vascular disease, lncRNA nuclear enriched abundant 
transcript 1 was discovered as a novel therapeutic target (24). 
Tao et al  (25) indicated that maternally expressed gene 3 
may be a negative regulator of spiral artery remodeling via 
suppressing extravillous trophoblast (EVT) invasion and 
EVT‑mediated VSMC loss. However, the effect of lncRNAs 
on the proliferation and migration of VSMCs during restenosis 
has remained largely elusive.

SNHG1 is an lncRNA that is located at 11q12.3 and has 
11 exons (26). It has been indicated that SNHG1 is able to 
participate in cell biological activities, including cell prolif‑
eration, migration, invasion and apoptosis (27). SNHG1 has 
been found to be involved in the pathogenesis of certain 
diseases. For instance, lncRNA SNHG1 exerted protective 
effects against oxygen/glucose deprivation‑induced injury 
via sponging miR‑338, thus upregulating hypoxia‑inducible 
factor (HIF)‑1α/VEGF‑A in brain microvascular endothelials‑
cells (16). Zhang et al (28) indicated that SNHG1 exerted a 
neuroprotective effect mediated by HIF‑1α/VEGF signaling 
through acting as a competing endogenous (ce)RNA for 
miR‑18a. These results revealed a novel function of SNHG1, 
contributed to a broad understanding of ischemic stroke and 
provided novel therapeutic options for this disease. However, 
the results of the present study demonstrated an opposite role 
of SNHG1 in the progression of restenosis after CAS. It is 
revealed that the inhibition of SNHG1 served a protective role 
against restenosis by inhibiting carotid artery smooth muscle 
cell proliferation and migration. The effect of SNHG1 on 
the pathologic changes of blood vessels may be dependent on 
the different pathological states and the types of cells affected 
by SNHG1, such as endothelial cells or smooth muscle cells. 
In the present study, SNHG1 was significantly upregulated 
in serum samples of patients with restenosis. In the present 
study, serum samples but not plasma samples were used, as 
plasma contains fibrinogen, which may affect certain protein‑
sindicators (29). In numerous studies of the roles of ncRNAs 
in the human circulation, serum samples may better reflect the 
exact differential expression of these RNAs in various patho‑
logicalsstates (30‑32). Furthermore, the blood samples were all 

centrifuged for serum isolation immediately after collection 
to avoid hemolysis in this experiment. In addition, the in vitro 
experimental results indicated that knockout of SNHG1 
significantly inhibited hHCtASMC migration and prolifera‑
tion. The results of the logistic multivariate regression analysis 
suggested that SNHG1 was independently associated with the 
occurrence of restenosis and was a potential risk factor for 
the occurrence of restenosis. Therefore, SNHG1 may have a 
regulatory role in the development of restenosis.

In recent years, the concept of ceRNA has been proposed 
as a novel regulatory mechanism in a variety of pathological 
processes, meaning that lncRNA may function as a ceRNA to 
sponge miRNA and competitively interact withsmiRNAs (33). 
In addition, miRNAs have an important role in the diagnosis 
of various diseases. Diagnosis of human diseases at an early 
stage contributes to an increased probability of cure and blood 
tests are easier and faster to perform than tissue tests for early 
disease screening. Thus, blood tests are considered compara‑
tively more feasible and noninvasive, and may be performed 
morlyfrequently (34). In the present study, miR‑145 binding sites 
on SNHG1 were discovered. Based on available studies, down‑
regulation of miR‑145 in a wide range of diseases, including 
immune‑mediated neuroinflammators diseases (35), colorectal 
cancer (CC) (36), non‑small cell lung cancer (NSC) (37) and 
breasr cancer (38), may provide novel diagnostic approaches. 
Previous studies have indicated that the SNHG1/miR‑145 axis 
has an important role in a variety of diseases. For instance 
Lu et al (12) suggested that downregulation of SNHG1 inhibited 
NSCLC cell viability, proliferation, migration and invasion, but 
this inhibition was alleviated by miR‑145‑5p, which indicated 
that SNHG1 promoted NSCLC progression by regulating 
the miR‑145‑5p/metadherin (MTDH) axis. In CRC, SNHG1 
promotes cell proliferation by acting as a sponge of miR‑145, 
suggesting that SNHG1/miR‑145 may be a potential target for 
CRt treatment (13). The present data confirmed that miR‑145 
was overexpressed in patients with restenosis. Furthermore, 
inhibition of miR‑145 in hHCtASMCs promoted cell migration 
and proliferation, and the expression level of SNHG1 was nega‑
tively correlated with miR‑145 in patient serum. Furthermore, 
a luciferase reporter assay confirmed that SNHG1 was able to 
specifically associate with miR‑145 in hHCtASMCs. SNHG1 
affected hHCtASMC proliferation and migration by regulating 
miR‑145. Furthermore, inhibition of miR‑145 partially reversed 
the inhibition of hHCtASMC proliferation and migration by 
SNHG1 knockout. Thus, based on previous studies and the 
results of the present experiments, SNHG1 may be involved in 
the progression of restenosis by directly regulating miR‑145.

However, there are certain limitations to the present study, 
including small sample size, no deconvolution analysis to 
reduce cell‑type heterogeneity, as well as the lack of cell experi‑
ments under pathological conditions, animal experiments and 
further mechanistic analyses. Therefore, further studies are 
required to explore the effect of the SNHG1/miR‑145 axis on 
the function of VSMCs under pathological conditions, such as 
hypoxia, as well as to confirm the role of the SNHG1/miR‑145 
axis in restenosis in vivo.

Overall, the present study indicated that the SNHG1/miR‑145 
axis regulates the proliferation and migration of hHCtASMCs, 
and both SNHG1 and miR‑145 are independently associated 
with and potential risk factors for restenosis. The present 
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results suggested that the SNHG1/miR‑145 axis may serve 
as a meaningful non‑invasive biomarker for the prevention 

and treatment of restenosis and provide novel insight into the 
pathogenesis of restenosis.

Figure 4. miR‑145 mediates the effects of SNHG1 on hHCtASMC proliferation and migration. (A) The expression level of miR‑145 was decreased by miR‑145 
inhibitor and increased by si‑SNHG1, and knockout of SNHG1 reversed the downregulation of miR145 expression levels by miR‑145 inhibitor. (B) Effect of 
miR‑145 inhibitor and si‑SNHG1 on the proliferation of hHCtASMCs. (C and D) Effect of miR‑145 inhibitor and si‑SNHG1 on the migration of hHCtASMCs. 
(C) Representative images of Transwell membranes (magnification, x100) and (D) quantified numbers of migratory cells in each group. The proliferation 
and migration of hHCtASMCs were significantly increased after transfection with miR‑145 inhibitor and significantly decreased after knockout of SNHG1. 
si‑SNHG1 was able to eliminate the promotion effect of miR‑145 inhibitor on the proliferation and migration of human colon cancer cells. *P<0.05 and 
***P<0.001 vs. control; #P<0.05, ##P<0.01 vs. si‑SNHG1. miR, microRNA; si‑SNHG1, short interfering RNA targeting small nucleolar RNA host gene 1; 
hHCtASMCs, human carotid artery smooth muscle cells; NC, negative control; OD, optical density.

Figure 3. SNHG1 directly inhibits miR‑145 expression in hHCtASMCs. (A) The predicted target sequence in the miR‑145 for SNHG1 binding. (B) In a 
hHCtASMC cell line, the luciferase activity of the SNHG1‑WT reporter plasmid was decreased by miR‑145 overexpression, while that of the SNHG1‑MUT 
plasmid was not affected. (C) Knockdown of SNHG1 increased the expression levels of miR‑145 in hHCtASMCs. *P<0.05 and ***P<0.001 vs. control. 
miR, microRNA; si‑SNHG1, short interfering RNA targeting small nucleolar RNA host gene 1; WT, wild‑type; MUT, mutant; NC, negative control; 
hHCtASMCs, human carotid artery smooth muscle cells.
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