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Abstract. Long non‑coding RNAs serve a crucial role in 
autophagy of vascular smooth muscle cells (VSMCs). The 
present study aimed to investigate the effect of small nucleolar 
RNA host gene 1 (SNHG1) on autophagy in VSMCs and the 
associated underlying mechanisms. Rapamycin was used to 
induce autophagy in VSMCs and the effects of SNHG1 on 
the proliferation and migration of VSMCs and the change in 
phenotype were tested following overexpression and silencing 
of SNHG1. The target gene of SNHG1 was predicted and 
validated. SNHG1‑regulated autophagy of VSMCs via C‑type 
lectin domain family 7 member A (CLEC7A) was determined 
by combined silencing of SNHG1 and overexpression of 
CLEC7A. Rapamycin‑induced autophagy in VSMCs changed 
the cell phenotype from contractile to synthetic, with decreased 
expression of α‑smooth muscle actin and smooth muscle protein 
22a and increased expression of osteopontin. Overexpression 
of SNHG1 caused the same change in phenotype while the 
opposite change was observed following SNHG1 silencing. 
Overexpression of SNHG1 promoted the proliferation and 
migration of VSMCs. CLEC7A was identified as a target gene 
of SNHG1 and a direct binding relationship between them was 

confirmed by RNA immunoprecipitation and RNA pull‑down 
assays. Overexpression of SNHG1 increased the expression 
of CLEC7A. The expression of both SNHG1 and CLEC7A 
was increased during autophagy of VSMCs. Overexpression 
of SNHG1 promoted autophagy of VSMCs and silencing of 
CLEC7A reduced this effect of SNHG1. In conclusion, SNHG1 
and CLEC7A were increased in VSMCs following autophagy. 
SNHG1 promotes the conversion of VSMCs from a contractile 
phenotype to a synthetic phenotype by facilitating CLEC7A 
expression.

Introduction

Abnormal changes in the phenotype and function of vascular 
smooth muscle cells (VSMCs) have been implicated in several 
vascular diseases, such as aneurysms and atherosclerosis (1). 
VSMCs can have two phenotypes: A contractile phenotype 
[markers: α‑smooth muscle actin (SMA), smooth muscle 
protein 22a (SM22a), myosin heavy chain 11 (MYH11)] and 
a synthetic phenotype [markers: Matrix metalloproteinase 
(MMP) 2, tumor necrosis factor‑α, osteopontin (OPN)] (2,3). 
During disease development, the phenotype of VSMCs can 
change from contractile to synthetic (4,5). 

Autophagy is a process wherein cells use lysosomes to 
break down intracellular organelles and macromolecules (6). 
Alterations in the autophagy status of VSMCs due to various 
external factors can lead to abnormal cell proliferation, migra‑
tion and matrix secretion (7). Cytokines activate signaling 
pathways that affect autophagy and thereby influence 
phenotypic and functional changes in VSMCs (8,9). The 
transition from the contractile to the synthetic phenotype 
occurs following autophagy of VSMCs (10). Therefore, 
identifying molecular targets that can effectively regulate the 
phenotype and function of VSMCs is crucial for the treatment 
of vascular diseases.

Long non‑coding RNA (lncRNA) is a class of RNA mole‑
cules that are >200 nt in length and do not encode proteins. 
It has been discovered that lncRNAs play a crucial role in 
the development of various diseases (11‑13). Small nucleolar 
RNA host gene 1 (SNHG1), a small ribosomal housekeeping 
gene, is a lncRNA that originates from the U22 host gene on 
chromosome 11 and is an important component of the 18 s 
ribosomal RNA. It consists of ~3,927 bases and contains eight 
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small nucleotide RNAs (14,15). SNHG1 has been found to be 
abnormally expressed in various diseases and regulates the 
biological behavior of the disease via its target genes (16‑20). 
C‑type lectin domain family 7 member A (CLEC7A), also 
known as Dectin‑1, is a member of the CLEC7 family and its 
gene encodes the C‑lectin/C‑lectin domain‑like domain. The 
encoded glycoprotein is a small type II membrane receptor 
with an extracellular C‑type lectin‑like domain fold and a cyto‑
plasmic domain with an immune receptor tyrosine activation 
motif (21). The functions of CLEC7A include phagocytosis, 
production of reactive oxygen species and the secretion of 
pro‑inflammatory cytokines, which are essential for anti‑
fungal defense (22,23). In addition, CLEC7A recognizes other 
pathogens and endogenous ligands, suggesting a broader role 
in immunity (24). 

Aneurysms are closely related to the abnormality of 
VSMCs. Overexpression of CLEC7A has been shown to be 
associated with aneurysm healing following embolization (25). 
CLEC7A can also distinguish intracranial aneurysms from 
normal samples (26). 

Our previous study showed that the expression of CLEC7A 
is significantly higher in intracranial aneurysms compared 
with normal vascular tissue (27), indicating the association of 
CLEC7A with VMSCs.

Based on the existing literature and previous research, it 
was hypothesized that SNHG1 regulates CLEC7A to modu‑
late the status of autophagy in VSMCs, which in turn leads 
to the development of vascular diseases. The present study 
used rapamycin to induce autophagy in VSMCs. Following 
manipulation of the expression of SNHG1 by silencing and 
overexpression, the occurrence of autophagy, phenotypic 
changes and migratory ability was assessed in VSMCs. VSMCs 
were then transduced with vectors containing silenced or over‑
expressed SNHG1 to examine the expression of CLEC7A. The 
interaction between SNHG1 and CLEC7A was determined 
using a RNA‑binding protein immunoprecipitation (RIP) assay 
and a RNA pull‑down assay. Finally, the phenotypic changes 
in VSMCs were investigated by combining overexpression 
of CLEC7A with silencing of SNHG1. The findings aimed 
to provide insights into the mechanism by which SNHG1 
regulates the phenotypic transition of VSMCs by mediating 
autophagy via CLEC7A.

Materials and methods

Cell culture. Immortalized human aortic smooth muscle 
cells (VSMCs) were purchased from Meisen Chinese Tissue 
Culture Collections (cat. no. CTCC‑001‑0577) and seeded 
in complete medium (cat. no. CTCC‑001‑0577‑CM, Meisen 
Cell Technology Co., Ltd), which consisted of F‑12K 
medium containing 0.05 mg/ml ascorbic acid, 0.01 mg/ml 
insulin, 0.01 mg/ml transferrin, 10 ng/ml sodium selenite, 
0.03 mg/ml endothelial cell growth supplement, 10 mM 
4‑(2‑hydroxyethyl)‑1‑piperazineethanesulfonic acid, 10 mM 
TES, 10% fetal bovine serum and 1% antibiotic‑antimycotic 
medium  under humidified conditions (37˚C; 5% CO2). 

Cell transduction. Short hairpin RNAs (shRNAs) designed 
to target SNHG1 along with their corresponding empty 
vector (vector‑sh) and the plasmids for overexpression (OE) 

of SNHG1 or CLEC7A and the empty vector (vector‑OE) 
were procured from Hanbio Biotechnology Co., Ltd. The 
2nd generation lentiviral system was used for transfection. 
All recombinant lentivirus sequences were generated as 
previously described (28). VSMCs were transduced with 
lentiviral vectors containing SNHG1 silencing sequences, 
designated sh‑SNHG1. Similarly, lentiviral vectors containing 
human SNHG1 or CLEC7A overexpression sequences 
were introduced into VSMCs, designated OE‑SNHG1 and 
OE‑CLEC7A, respectively. The viral supernatant was used to 
infect target cells at an MOI of 10. The VSMCs underwent 
a 72‑h incubation period with the recombinant lentiviruses 
and subsequently underwent puromycin selection for 72 h 
using 3 µg/ml puromycin for selection of transfected cells and 
3 µg/ml for maintenance of the stable cell lines. Finally, trans‑
duction efficacy was validated by assessing mRNA expression 
levels using reverse transcription‑quantitative (RT‑q) PCR. 
Experiments were conducted 48 h after the completion of 
puromycin selection. The sequences of shRNA are detailed 
in Table SI, whereas the sequences utilized for overexpression 
are presented in Table SII.

RT‑qPCR. RT‑qPCR was used to quantitatively analyze gene 
expression as previously described (29). Total RNA was 
extracted from VSMCs with TRIzol® reagent (Thermo Fisher 
Scientific, Inc.). The cDNA was synthesized from the RNA 
using a reverse transcriptase kit (cat. no. RR036A; Takara 
Biotechnology Co., Ltd.) according to the manufacturer's 
protocol. qPCR was performed using SYBR Green qPCR 
Master Mix (cat. no. Q711‑02; Nanjing Vazyme Biotech Co., 
Ltd) following the manufacturer's protocol. The qPCR ther‑
mocycling conditions were as follows: Initial denaturation at 
95˚C for 30 sec, followed by 40 cycles of denaturation at 95˚C 
for 10 sec, annealing at 56˚C for 30 sec, and extension at 72˚C 
for 60 sec. GAPDH was used as an internal control. Relative 
expression levels were calculated using the 2‑ΔΔCq method (30). 
The experiment was performed as three independent replicates. 
The primers used are listed in Table SIII.

Western blotting. Western blot procedures were in accordance 
with standard protocols as described in the earlier study by 
Yue et al (31). Briefly, the cellular proteins were extracted with 
radioimmunoprecipitation assay buffer (cat. no. R0010; Beijing 
Solarbio Science & Technology Co., Ltd.) and the protein 
concentration was determined using the BCA Protein Assay 
Kit (cat. no. P0012S; Beyotime Institute of Biotechnology) 
according to the manufacturer's protocol. Proteins were then 
separated by SDS‑PAGE on 12.5% gels for LC3, SM22α 
and CLEC7A, and 10% gels for p62, BECN1, OPN, GAPDH 
and β‑actin. Following electrophoresis, the proteins were 
transferred to a polyvinylidene membrane and subsequently 
blocked with 5% skimmed milk in Tris‑buffered saline with 
1% Tween 20 for 1 h. Primary antibodies were incubated 
overnight at 4˚C, while treatment with secondary antibodies 
was performed at room temperature for ~1 h. The antibodies 
used in this work were as follows: Rabbit anti‑LC3 (1:1,000; 
cat. no. 4108S; Cell Signaling Technology, Inc.); Rabbit anti‑P62 
(1:1,000; cat. no. 16177S; Cell Signaling Technology, Inc.); 
Rabbit anti‑SM22a (1:1,000; cat. no. CSB‑PA00804A0Rb; 
Cusabio Technology, LLC); rabbit anti‑α‑smooth muscle 
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actin (α‑SMA) (1:1,000; cat. no. R23450; Chengdu Zhengneng 
Biotechnology Co., Ltd.); rabbit anti‑osteopontin (OPN) 
(1:1,000; cat. no. R26171; ZENBIO); rabbit anti‑CLEC7A 
(1:1,000; cat. no. PA5‑34382; Thermo Fisher Scientific, 
Inc.); rabbit anti‑GAPDH (1:1,000; cat. no. GB15004‑100; 
Wuhan Servicebio Technology Co., Ltd.); β‑actin (1:1,000; 
cat. no. 380624; Chengdu Zhengneng Biotechnology Co., 
Ltd.) anti‑rabbit immunoglobulin (Ig) G, horseradish 
peroxidase‑linked antibody (1:10,000; cat. no. ab6721; 
Abcam). The proteins were visualized using the ECL Western 
Blotting Detection System (cat. no. 143237; Biosharp Life 
Sciences) according to the manufacturer's instructions. 
Relative target protein levels were quantified using ImageJ 
software (version 1.8.0; National Institutes of Health). GAPDH 
or β‑actin served as the internal control for normalization of 
target protein levels. The experiment was performed in three 
independent replicates.

Cell counting kit‑8 (CCK‑8) assay. Rapamycin was first 
dissolved in a 100 mM dimethyl sulfoxide (DMSO) solu‑
tion (cat. no. D8371‑50 ml; Beijing Solarbio Science & 
Technology Co., Ltd.) and further diluted in fresh medium to 
reach a concentration of 100 nM before use. Cells in the loga‑
rithmic growth phase were dissociated using 0.25% trypsin 
to prepare cell suspension with a density of 3x104 cells/ml, 
subsequently seeded into 96‑well plates at 100 µl per well. 
After a 48‑h incubation period, the transduced cells were 
detached using trypsin and reseeded at a concentration of 
1x104 cells/ml. Subsequently, 100 ml of the cell suspension 
was dispensed into the 96‑well plates. Then three wells were 
randomly selected at 0, 12 and 24 h after cultivation in a 
controlled environment at 37˚C. Each well was then treated 
with 10 ml of CCK‑8 (cat. no. MA0218; MeilunBio) and 
further incubated for 2 h. Finally, the optical density (OD) 
was measured at 450 nm and a curve was plotted to represent 
the dynamics of cellular growth. 

Wound healing assays. VSMCs were seeded in a six‑well plate, 
transduced and subsequently treated. After a 24‑h incubation 
period, a linear scratch was meticulously created across the 
plate with a 200‑µl pipette tip and fresh serum‑free medium 
was carefully added. Images were then captured with an 
inverted fluorescence microscope (Axio Vert.A1; Carl Zeiss 
AG) showing the progression of cell migration after 0, 12 and 
24 h. The wound closure was quantified using ImageJ soft‑
ware (version 1.8.0). The width of the scratch was measured at 
multiple points along the scratch, and the average width was 
calculated. The wound closure rate was determined using the 
formula: Wound closure rate (%)=(initial scratch width‑current 
scratch width)/initial scratch width x100. 

RIP assay. To investigate the interaction between the SNHG1 
sequence and the CLEC7A protein, an RIP assay was performed 
according to the manufacturer's protocol (cat. no. Bes5101; 
Guangzhou BersinBio Biotechnology Co., Ltd.). Cells were 
washed with phosphate‑buffered saline, lysed in a buffer 
containing protease and RNA enzyme inhibitors and divided 
into three groups: Input, IP and IgG. Anti‑CLEC7A antibody 
(cat. no. 60128; Cell Signaling Technology, Inc.) and IgG anti‑
body (cat. no. Bes5101; Guangzhou BersinBio Biotechnology 

Co., Ltd.) were used for incubation with the 0.8 ml lysates of 
the IP and IgG groups, respectively. RNA‑protein complexes 
were isolated with 20 µl protein A/G magnetic beads and then 
digested with proteinase K. Proteins bound to RNA were 
extracted with phenol/chloroform/isoamyl alcohol (125:24:1) 
and analyzed by RT‑qPCR. The percentage of input and 
fold enrichment were calculated to assess the changes in 
RNA‑protein binding owing to CLEC7A stimulation.

RNA pull‑down assay. Guangzhou BersinBio Biotechnology 
Co., Ltd. developed a precise probe targeting SNHG1 to uncover 
potential proteins that interact with SNHG1. Subsequently, an 
RNA pulldown kit (cat. no. Bes5102; Guangzhou BersinBio 
Biotechnology Co., Ltd.) was used to isolate proteins associ‑
ated with SNHG1. For this purpose, 40 µl magnetic beads were 
conjugated with the 100 µl SNHG1 probe, forming a complex. 
This complex of probe and magnetic beads was subsequently 
introduced into the 0.8 ml cell lysate, where it underwent a 
2‑h incubation that allowed interaction between the SNHG1 
probe and the specific proteins. Finally, 60 µl Protein Elution 
Buffer and 0.6 µl dithiothreitol were added, and the mixture 
was incubated at 37˚C for 2 h with intermittent mixing. After 
incubation, the mixture was placed on a magnet for 1 min and 
the supernatant was collected. The eluted proteins then under‑
went SDS‑PAGE followed by western blotting using specific 
antibodies against the proteins of interest. The probe sequence 
used for RNA pull‑down used is listed in Table SIV.

RPI‑Seq database prediction. We utilized the RPI‑Seq 
database (Version 1.0, URL: http://pridb.gdcb.iastate.
edu/RPISeq/), a computational tool designed to predict inter‑
actions between RNA and proteins. The RPI‑Seq database 
was accessed through its online platform, and the sequences 
of SNHG1 and CLEC7A were submitted for analysis. The 
prediction algorithm within RPI‑Seq evaluates the likelihood 
of interaction based on sequence and structural features of the 
RNA and protein molecules. 

Statistical analysis. Data are presented as mean ± standard 
deviation. Statistical significance between two groups was 
determined using Student's t‑test, while comparisons between 
multiple groups were performed using one‑way analysis of 
variance followed by Tukey's post hoc test. Statistical analyses 
were performed using GraphPad Prism version 8 software 
(GraphPad; Dotmatics). P<0.05 was considered to indicate a 
statistically significant difference.

Results 

Autophagy is induced by rapamycin in VSMCs. VSMCs were 
exposed to different concentrations of rapamycin (25, 50, 75, 
100 and 200 nM) for 24 h to induce autophagy, while DMSO 
served as a control. The mRNA expression of autophagy 
markers (32) LC3 (LC3 I and LC3 II) and P62 was detected 
using RT‑qPCR. Compared with the control group, the mRNA 
expression of P62 was lowest and LC3 was highest at the 
concentration of 100 nM (Fig. 1A and B). This indicated 
that the concentration of 100 nM was the most suitable for 
inducing autophagy. Western blot assay was used to measure 
the changes in autophagy markers and showed that the protein 
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concentrations of P62 decreased while those of LC3 I and 
LC3 II increased (Fig. 1C and E). These results indicated that 
the optimal concentration of 100 nM can effectively induce 
autophagy in VSMCs. 

In addition, the expression of SNHG1 was measured by 
RT‑qPCR assay; SNHG1 expression increased significantly at 
a concentration of 100 nM compared with other concentrations 
(Fig. 1F). The morphological changes in VSMCs treated with 
100 nM rapamycin are shown. Normally, VSMCs have a long 
spindle shape with clear boundaries and a smooth surface. 
Following autophagy is induced, the number of cells decreases 
and they become smaller, more irregular and lose their spindle 
shape, as shown in Fig. 1G.

Establishment of stable expression of SNHG1 in VSMCs. 
The present study introduced three interfering sequences 
into VSMCs using lentiviruses over a period of 48 and 72 h. 
Subsequently, a fluorescence microscope was used to observe 
the morphology and fluorescence expression of the cells. 
The results showed that all three interfering sequences led 
to fluorescence expression, with a fluorescence rate of >80%. 
By contrast, the blank group showed no fluorescence expres‑
sion, confirming the successful transfer of the lentivirus into 
the cells (Fig. 2A). Therefore, a 72‑h transduction was chosen 
for the following experiment. RT‑qPCR was performed to 
measure the expression of SNHG1 in the cells. The results 
showed that all three silencing sequences significantly inhib‑
ited the expression of SNHG1 in the cells, with Sh1 showing 
the strongest inhibition (Fig. 2B). The overexpression sequence 

significantly increased the expression of SNHG1 in the cells, 
reaching a level 22 times higher than that in the control group 
(Fig. 2C and D). These results indicated that the present study 
was able to successfully manipulate SNHG1 levels in VSMCs.

SNHG1 facilitated transition of phenotype VSMCs. α‑SMA, 
SM22a and OPN are important markers for phenotypic 
changes following autophagy. When the phenotype of VSMCs 
shifts from contractile to synthetic, the expression of α‑SMA 
and SM22a decreases, while that of OPN increases (33‑35). 
The present study investigated the effects of SNHG1 on 
phenotypic changes in VSMCs following autophagy induced 
by rapamycin at a concentration of 100 nM. It first overex‑
pressed or silenced SNHG1 and then combined treatment 
with rapamycin in the cells and found that silencing SNHG1 
led to an increase in SM22a and α‑SMA expression, while 
OPN expression decreased. Conversely, overexpression of 
SNHG1 resulted in decreased SM22a and α‑SMA expression 
but increased OPN expression (Fig. 3A‑C). Western blot‑
ting examination of α‑SMA, SM22a and OPN protein levels 
confirmed these results (Fig. 3D‑G). These results indicated 
that silencing of SNHG1 in VSMCs can induce a shift from a 
synthetic to a contractile phenotype during autophagy.

SNHG1 promotes migration and proliferation of VSMCs. 
Following successful transduction of SNHG1, the cell viability 
was tested using the CCK8 assay. The results showed that over‑
expression of SNHG1 increased the proliferation of VSMCs. 
Conversely, this effect was suppressed when SNHG1 was 

Figure 1. VSMCs autophagy was induced by rapamycin. Expression of (A) P62 mRNA and (B) LC3 mRNA in VSMCs following treatment with rapamycin at 
different concentrations. (C‑E) Expression of P62 and LC3 protein in VSMCs following treatment with rapamycin at different concentrations. (F) Expression 
of SNHG1 following treatment with rapamycin at different concentrations; (G) Morphological changes of VCMC following rapamycin treatment at the 
concentrations of 100 nM, scale bar, 50 µm. Data were shown as mean ± standard deviation of a representative experiment performed in three independent 
replicates. Compared with DMSO treatment *P<0.05, **P<0.01. VSMCs, vascular smooth muscle cells; SNHG1, small ribosome housekeeping gene RNA1; 
DMSO, dimethyl sulfoxide.
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silenced, leading to a decrease in the proliferation of VSMCs 
(Fig. 4A and B). Furthermore, wound healing assays showed 
that silencing SNHG1 reduced the migration of VSMCs, while 
overexpression of SNHG1 increasing their migration compared 
with the control group (Fig. 4C and D). Taken together, these 
results suggested that SNHG1 played a role in promoting the 
proliferation and migration ability of VSMCs.

CLEC7A is a regulatory target of SNHG1. In our previous 
study, an increase in the expression of CLEC7A was 
observed in aneurysm tissues (27). In the present study, 
induction of autophagy in VSMCs was found to result in an 
increase in CLEC7A protein levels (Fig. 5A). This suggested 
that CLEC7A played a role in aneurysm formation by 
participating in autophagy in VSMCs. A possible relation‑
ship between SNHG1 and CLEC7A was predicted using the 
RPI‑Seq database and the result indicated a strong associa‑
tion between them (Fig. S1). This suggested that CLEC7A is 
one of the targets regulated by SNHG1. To verify whether 
CLEC7A is a direct regulatory target of SNHG1, CLEC7A 
protein levels changed following silencing and overexpres‑
sion of SNHG1 in VSMCs (Fig. 5B); RIP and RNA pull‑down 
assays were used to verify the binding effect. As shown in 
Fig. 5C and D, SNHG1 was pulled down by an anti‑CLEC7A 
antibody in the RIP assay. The RNA pull‑down assay then 
showed that CLEC7A proteins were bound to SNHG1 in 
VSMCs (Fig. 5E). Taken together, these results demonstrated 
that SNHG1 directly binds to CLEC7A in VSMCs. SNGH1 

and autophagy are interrelated and autophagy also regulated 
CLEC7A via SNGH1.

Effect of SNHG1 on the expression of CLEC7A on the 
phenotypic changes of VSMCs. To investigate the effect of 
SNHG1, which regulates CLEC7A, on the phenotypic changes 
of VSMCs, autophagy was induced following silencing or 
overexpressing of SNHG1. Silencing of SNHG1 decreased 
CLEC7A protein levels following induction of autophagy, 
whereas overexpression of SNHG1 increased these levels 
(Fig. 6A and B). Next, an overexpression vector for CLEC7A 
was successfully constructed and transduced into VSMCs. 
Western blotting results confirmed the overexpression of 
CLEC7A (Fig. 6C and D). Subsequently, the silencing of 
SNHG1 was combined with the overexpression of CLEC7A in 
these cells and they were treated with rapamycin. As shown in 
Fig. 6E and F, western blotting showed that autophagy markers 
changed following silencing SNHG1, with LC 3II/LC 3I and 
Beclin1 decreasing and P62 increasing. This effect was offset 
by combing with overexpression of CLEC7A. Taken together, 
these results suggested that SNHG1 regulated autophagy in 
VSMCs by enhancing CLEC7A.

Discussion 

VSMCs undergo phenotypic transformation by switching from 
a contractile phenotype to a synthetic phenotype character‑
ized by increased proliferation and migratory capacity. This 

Figure 2. SNHG1 silencing and overexpression vector transduction of VSMCs. (A) Fluorescence map of lentivirus transduced SNHG1 silencing sequence into 
cells. (B) RT‑qPCR detection of SNHG1 expression in silenced cells. (C) Fluorescence pattern of cells transduced with lentivirus following overexpression 
of SNHG1. (D) RT‑qPCR detected the expression of SNHG1 in the cells following overexpression. Scale bar: 200 µm. Data were shown as mean ± standard 
deviation of a representative experiment performed in three independent replicates. **P<0.01. SNHG1, small ribosome housekeeping gene RNA1; VSMCs, 
vascular smooth muscle cells; RT‑qPCR, reverse transcription‑quantitative PCR; sh, short hairpin; NC, negative control; OE, overexpression. 
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transformation is accompanied by a downregulation of contrac‑
tile proteins such as α‑SMA and SM22a and an upregulation of 
MMPs and inflammatory mediators (5,36,37). This phenotypic 
transformation of VSMCs has been shown to contribute to the 
development and progression of vascular diseases (38). Autophagy 
is a cellular process responsible for the degradation and recycling 
of damaged or unnecessary cellular components, including 
proteins and organelles. It plays a crucial role in maintaining 
cellular homeostasis and is involved in various physiological and 
pathological processes. Autophagy can influence the processes 
in VSMCs that are associated with a change in phenotype and 
subsequently lead to the development of disease (39). Genes 
related to autophagy, such as ATG7 and ATG5, are implicated 
for VSMCs (40). SNHG1 is associated with the development of 
various diseases. In the case of ischemic stroke, Zhang et al (41) 
discovered that SNHG1, as a competitive endogenous RNA, can 

influence pathological changes in cerebral blood vessels via the 
hypoxia‑inducible factor‑1α/vascular endothelial growth factor 
signaling pathway. Wang et al (42) also found that increased 
expression of SNHG1 promotes angiogenesis in cerebral micro‑
vascular endothelial cells following oxygen‑glucose deprivation 
therapy and this effect is achieved by targeting miR‑199a. This 
suggests that SNHG1 plays a critical role in vascular endo‑
thelial cell proliferation and apoptosis. In addition, studies 
have shown that SNHG1 regulates vascular endothelial cell 
proliferation and angiogenesis through miR‑196a (43), targeting 
the miR‑340‑5p/PIK3CA axis in diabetic retinopathy (44). 
Li et al (45) found that SNHG1 attenuates high glucose‑induced 
calcification/senescence of VSMCs through post‑transcriptional 
regulation of Bhlhe40 and autophagy via Atg10. 

These results suggest a close association between SNHG1 and 
the development of vascular diseases. The present study found 

Figure 3. Changes in VSMCs phenotype following silencing and overexpression of SNHG1. (A) α‑SMA, (B) SM22a and (C) OPN mRNA expression following 
overexpressing or silencing of SNHG1 combining rapamycin treatment in VSMCs; (D‑G) SM22a, α‑SMA and OPN protein levels following silencing or 
overexpression of SNHG1 combing with rapamycin treatment. Data were shown as mean ± standard deviation of a representative experiment performed in 
three independent replicates. *P<0.05, **P<0.01, ***P<0.001. VSMCs, vascular smooth muscle cells; SNHG1, small ribosome housekeeping gene RNA1; α‑SMA, 
α‑smooth muscle actin; SM22a, smooth muscle protein 22a; OPN, osteopontin; sh, short hairpin; NC, negative control; OE, overexpression; Rapa, rapamycin.
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that overexpression of SNHG1 also enhanced the proliferation 
and migration of VSMCs. Furthermore, the results suggested that 
silencing of SNHG1 in VSMCs following autophagy could induce 
a transition from a synthetic phenotype to a contractile phenotype, 
demonstrating that SNHG1 mediates autophagy of VSMCs.

CLEC7A has been implicated in several diseases. Studies 
have shown that polymorphisms in CLEC7A could be prom‑
ising biomarkers for susceptibility to ulcerative colitis (46‑48). 
In addition, CLEC7A serves as a modifier gene in cytotoxic 
T‑lymphocyte associated protein 4 to maintain immune 
homeostasis and tolerance (49). Another study reported 
that CLEC7A drives intestinal fungus‑mediated host lipid 
deposition (50), involving diabetic cardiomyopathy (51) and 
Alzheimer's disease (52). Importantly, the CLEC7A pathway 
has been shown to activate robust autophagy‑dependent 
unconventional protein secretion in human macrophages (53). 

The present study investigated the relationship between 
SNHG1 and its target gene, CLEC7A, in regulating the biolog‑
ical function of VSMCs. Our previous research has shown that 
CLEC7A is involved in the development (27) and the present 
study showed that its expression in VSMCs increased when the 
cells transitioned from a contractile phenotype to a synthetic 
phenotype. The following mechanistic study confirmed that 
CLEC7A was a direct target gene regulated by SNHG1 in 

VSMCs by RIP and RNA pull‑down assays. In addition, it was 
observed that the expression of both SNHG1 and CLEC7A 
increased following autophagy of VSMCs. When SNHG1 was 
overexpressed, the contractile phenotype of VSMCs decreased 
while the synthetic phenotype increased. Conversely, the trend 
was reversed when SNHG1 was silenced. Furthermore, when 
CLEC7A was overexpressed in VSMCs with silenced SNHG1 
and induced autophagy, an increase in autophagy markers was 
observed. These results suggested that SNHG1 mediated the 
autophagy process in VSMCs by targeting CLEC7A, which 
in turn triggered the phenotypic transformation of VSMCs. 
Although the experiment was performed with rapamycin treat‑
ment, resulting in increases in both CLEC7A and SNHG1, an 
RIP assay for CLEC7A following rapamycin treatment would 
be helpful to consolidate the role of CLEC7A in autophagy. 
In addition, the subcellular localization of lncRNAs plays a 
crucial role in determining their functional capabilities within 
cells. These molecules exert an influence on different cellular 
compartments and thus enable a spectrum of biological 
activities. These activities range from the regulation of gene 
expression to the modulation of cell structure and the response 
to stress (54,55). For example, SNHG1 was previously identified 
primarily in the nuclei of bladder cancer cells (56); however, 
its distribution in VSMCs remains unexplored. Therefore, to 

Figure 4. Changes in proliferation and migration of VSMCs following silencing and overexpression of SNHG1. (A) Images of VSMCs proliferation following 
silencing and overexpression of SNHG1. (B) OD value following silencing and overexpression of SNHG1 in VSMCs at different time by CCK‑8 assay. 
(C) Images of VSMCs following silencing and overexpression of SNHG1 by wound healing assay. (D) Comparison of cells migration ability following 
silencing and overexpression of SNHG1. Scale bar: 200 µm. Data were shown as mean ± standard deviation of a representative experiment performed in three 
independent replicates. *P<0.05, **P<0.01. VSMCs, vascular smooth muscle cells; SNHG1, small ribosome housekeeping gene RNA1; OD, optical density; 
sh, short hairpin; NC, negative control; OE, overexpression.

https://www.spandidos-publications.com/10.3892/mmr.2024.13385


DENG et al:  SNHG1 PROMOTES AUTOPHAGY IN VSMCs8

decipher the mechanism of action of SNHG1 in the regulation 
of VSMCs, a fluorescence in situ hybridization experiment 
needs to be performed to determine precisely its subcellular 
localization in these cells. While the findings of the present 
study emphasized the crucial roles of SNHG1 and CLEC7A in 
regulating autophagy and VSMCs phenotypic transformation, it 
is noteworthy that incorporating MYH11 and Calponin as addi‑
tional markers could have strengthened the evidence. Future 
research on the expression patterns of MYH11 and Calponin 
related to VSMCs phenotype may offer valuable insights for a 
comprehensive understanding of this process.

The present study demonstrated that SNHG1 promoted 
proliferation and migration of VSMCs and increased expres‑
sion following autophagy of VSMCs. SNHG1 facilitated the 

transition of VSMCs from a contractile to a synthetic pheno‑
type by promoting autophagy and this mechanism involves the 
regulation of CLEC7A.
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