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LncRNA SCIRT is downregulated 
in atherosclerosis and suppresses 
the proliferation of human aortic smooth 
muscle cells (HAOSMCs) by sponging miR‑146a 
in cytoplasm
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Abstract 

Background:  SCIRT has been characterized as a key player in cancer biology, while its role in other human diseases is 
unclear. This study explored its role in atherosclerosis, with a specific focus on its interaction with SCIRT and miR-146a.

Methods:  The expression of SCIRT and miR-146a in atherosclerosis-affected tissues and healthy tissues from 56 
atherosclerosis patients were analyzed by RT-qPCR. The expression of SCIRT in nuclear and cytoplasm samples was 
detected by RNA fractionation assay. The direct interaction between SCIRT and miR-146a was detected by RNA pull-
down assay. SCIRT and miR-146a were overexpressed in human aortic smooth muscle cells (HAOSMCs) to study the 
crosstalk between them. The role of SCIRT and miR-146a in the proliferation of HAOSMCs was analyzed with BrdU 
assay.

Results:  SCIRT was downregulated by atherosclerosis, while miR-146a was upregulated by atherosclerosis. SCIRT was 
detected in both cytoplasm and nuclear samples, and it directly interacted with miR-146a. In HAOSMCs, overexpres-
sion of SCIRT and miR-146a did not affect the expression of each other. Interestingly, SCIRT suppressed the prolifera-
tion of HAOSMCs and reduced the enhancing effects of miR-146a on cell proliferation.

Conclusion:  Therefore, SCIRT is downregulated in atherosclerosis and it suppresses the proliferation of HAOSMCs by 
sponging miR-146a in cytoplasm.
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Introduction
As a common chronic disease, atherosclerosis is caused 
by the formation of atheromatous plaque, which is mainly 
composed of cholesterol, fats and other substances [1, 2]. 
The plaques block blood flow and may burst to trigger 
blood clots [1, 2]. Atherosclerosis at early stages shows no 
symptoms [3]. Once severe conditions have developed, 
depending on the arteries that are affected, atherosclero-
sis may cause kidney problems, peripheral artery disease, 
stroke and coronary artery disease [4, 5]. Atherosclerosis 
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can usually be treated with statins and fibrates to reduce 
cholesterol, ACE inhibitors to prevent the narrowing of 
arteries, and beta-blockers to reduce blood pressure [6, 
7]. With active treatment and the changing in lifestyle, 
early atherosclerosis may be reversible, while atheroscle-
rosis in advanced stages still cannot be treated efficiently.

Various risk factors, such as tobacco smoking, 
unhealthy diet, diabetes and hypertension, have been 
characterized for atherosclerosis, however, the exact 
cause of atherosclerosis is unclear [8]. Recent studies 
have characterized a considerable number of molecular 
factors involved in atherosclerosis [9, 10]. Some molecu-
lar factors with critical roles in the initiation and progres-
sion of atherosclerosis are considered as potential targets 
for the targeted atherosclerosis therapy, which regulate 
the expression of disease-related genes to improve ath-
erosclerosis [9, 10]. Long non-coding RNAs (lncRNAs) 
and microRNAs (miRNAs) lack the capacity of pro-
tein-coding, but participate in the regulation of protein 
synthesis to mediate human diseases, including athero-
sclerosis [11–13]. Therefore, these ncRNAs are poten-
tial targets to treat atherosclerosis. SCIRT plays critical 
roles in breast cancer, where it counteracts EZH2 and 
SOX2 to suppresses cancer cell self-renewal mechanism, 
thereby inhibiting cancer progression [14]. However, its 
role in other human diseases is unknown. We predicted 
that SCIRT could interact with miR-146a. MiR-146a 
can regulate the proliferation of vascular smooth muscle 
cells [15], which participate in atherosclerosis [16]. We 
therefore investigated the crosstalk between SCIRT and 
miR-146a in atherosclerosis. We further explored the 
interaction between SCIRT and miR-146a in atheroscle-
rosis as well.

Methods
Study populations
This study enrolled a total of 56 atherosclerosis patients 
and 56 healthy controls who were admitted to Hangzhou-
Bay Hospital from May 2018 to November 2020. The Eth-
ics Committee of this hospital approved this study. The 
diagnosis of atherosclerosis was performed based on the 
following criteria: coronary diameter is 1.5 times bigger 
that of the diameter of adjacent segment or the diame-
ter of the original caliber. Patients with other severe dis-
eases were excluded. Patients with initiated therapy were 
also excluded. All patients provided the written form 
informed consent. The clinical features of both groups of 
participants were shown in Table 1.

Plasma preparations
All participants were fasted for at least 12 h. After that, 
extraction of blood from elbow vein was performed, fol-
lowed by transferring blood samples to EDTA tubes. 

Plasma separation was performed through 10  min cen-
trifugation at 1200g at 4  °C. EP tubes (DNase-free and 
RNase-free) were used to store plasma samples prior to 
the subsequent analyses.

Human aortic smooth muscle cells (HAOSMCs)
HAOSMCs (Cat # 354-05A, Sigma-Aldrich) were used 
in all in vitro cell experiments. FBS was added to DMEM 
(Gibco) to reach a final concentration of 10%, and this 
mixture was used to cultivate HAOSMCs at 37  °C with 
5% CO2 and 95% humidity.

Cell transfections
Overexpression assays of both SCIRT and miR-146a 
were performed in HAOSMCs. To overexpress SCIRT 
and miR-146a, HAOSMCs were transfected with either 
mimic of miR146a and/or SCIRT. Neon transfection 
device (Thermo Fisher Scientific) was used to perform 
all transfection assays. The dosage of miRNA and vector 
was 10 µg and 40 nM miRNA for 106 cells, respectively. 
To perform NC assays, transfections of empty vector or 
NC miRNA were included. To perform control (C) assay, 
cells without transfections were cultivated until the end 
of transfections.

Preparation of RNA samples
Total RNAs were isolated with NucleoSpin RNA Plus 
(Takarabio). DNA digestion was carried out with DNase I 
(RiboBio). RNA integrity and concentrations were deter-
mined using Bioanalyzer. All samples showed an RIN 
value higher than 8.0.

Table 1  Clinical features of two groups of participants

**p < 0.01

Control (n = 56) Atherosclerosis (n = 56)

Male 32 32

Female 24 24

Age (year) 58.67 ± 12.11 59.12 ± 11.46

BMI 22.51 ± 2.73 23.69 ± 4.23

Hypertension 32 16**

Smoker 32 30

Diabetes 12 11

WBC count, 109/l 6.19 ± 2.09 6.34 ± 2.77

HDL-C (mmol/l) 0.89 ± 0.42 0.38 ± 0.16**

LDL-C (mmol/l) 2.72 ± 1.12 4.29 ± 0.73**

TG (mmol/l) 1.43 ± 0.38 2.01 ± 0.71**

TC (mmol/l) 3.34 ± 1.21 4.78 ± 1.34**

CR (mmol/l) 97.34 ± 13.55 96.13 ± 13.19

UA (mmol/l) 273.34 ± 48.67 272.34 ± 38.43
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RT‑qPCRs
With 3000  ng total RNAs as template, cDNA samples 
synthesized by reverse transcription. qPCRs were then 
performed to determine the expression levels of SCIRT 
and miR-146a with 18S rRNA and U6 as the internal 
control, respectively. The 2−ΔΔCT method was used to 
normalize the Ct values of SCIRT and miR-146a to that 
of the corresponding endogenous control.

Subcellular fractionation assay
Cell fractionation buffer with NP40 was used to per-
form cell lysis in HAOSMCs. Cell lysis was performed 
on ice for 10  min. After that, nuclear and cytoplasm 
fractions were separated by centrifugations at 1200g for 
15 min. The fraction of nuclear was further subjected to 
nuclear lysis with nuclear lysis buffer. NE-PER Nuclear 
and Cytoplasmic Extraction Reagents (Thermo Fisher 
Scientific) were used to complete all above-mentioned 
steps. After that, RNA isolations were performed on 
both fractions, followed by reverse transcriptions and 
PCRs to amplify SCIRT. PCR products were separated 
on 1.5% agarose gels. Following ethidium bromide (EB) 

staining, images were collected using MyECL imager 
(Bio-Rad).

RNA pull‑down assay
In vitro transcriptions and biotinylation were per-
formed using T7 RNA transcriptase (Invitrogen) to 
prepare biotinylated miR-146a (Bio-miR-146a) or NC 
miRNA (Bio-NC). HAOSMCs were transfected with 
two miRNAs, followed by cell cultivation using fresh 
medium. After cell lysis, streptavidin beads were used 
to pull down the complex. RNA isolations were per-
formed on pull-down samples, followed by RT-qPCRs 
to determine the expression levels of SCIRT.

BrdU cell proliferation assay
BrdU incorporation reflects DNA synthesis. In this 
experiment, incorporation of BrdU was determined 
to reflect cell proliferation. In brief, HAOSMCs were 
cultivated for 48  h, followed by incubation with BrdU 
(10 mg/ml) for another 2 h. After that, anti-BrdU-anti-
body (peroxidase-coupled, Sigma-Aldrich) was used to 

Fig. 1  Expression analysis of SCIRT and miR-146a in atherosclerosis. RNA isolations and RT-qPCR were subjected on all plasma samples from both 
atherosclerosis patients (n = 56) and controls (n = 56) to analyze the differential expression of SCIRT (A) and miR-146a (B). Pearson correlation 
coefficient was performed to analyze the correlations between SCIRT and miR-146a across atherosclerosis (C) and control (D) samples. **p < 0.01
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incubate with the cells at room temperature for 60 min. 
After PBS washing, further incubation with peroxi-
dase substrate was carried out for 30 min. Finally, cell 
proliferation was analyzed by measuring OD values at 
450 nm.

Statistical analysis
ANOVA Tukey’s test and unpaired t test were used to 
compare multiple and two independent groups, respec-
tively. P < 0.05 was statistically significant.

Results
Expression analysis of SCIRT and miR‑146a 
in atherosclerosis
RT-qPCRs were performed to detect the differential 
expression of SCIRT and miR-146a in plasma samples 
from both atherosclerosis patients (n = 56) and con-
trols (n = 56). The results showed that SCIRT was sig-
nificantly downregulated in atherosclerosis (Fig.  1A, 

p < 0.01), while miR-146a was significantly upregulated 
in atherosclerosis (Fig.  1B, p < 0.01). Pearson correla-
tion coefficient analysis revealed that the expression of 
SCIRT and miR-146a were not correlated across ather-
osclerosis (Fig. 1C) and control (Fig. 1D) samples.

The subcellular location of SCIRT in HAOSMCs 
and the interaction between SCIRT and miR‑146a
Subcellular fractionation assay was performed to 
detect the subcellular location of SCIRT in HAOSMCs. 
Although GAPDH is a cytoplasm marker and enriched 
in cytoplasm, it can also be detected in nucleus. In con-
trast, nearly similar amount of SCIRT was detected in 
nuclear and cytoplasm samples of HAOSMCs (Fig. 2A). 
IntaRNA 2.0 was applied to predict the interaction 
between SCIRT and miR-146a, and the prediction 
revealed multiple potential base pairings between them 
(Fig. 2B). RNA pull-down assay was performed to verify 
the direct interaction between SCIRT and miR-146a. 
The results showed that expression levels of SCIRT 

Fig. 2  The subcellular location of SCIRT in HAOSMCs and the direct interaction between SCIRT and miR-146a. Subcellular fractionation assay was 
done to explore the subcellular location of SCIRT in HAOSMCs. Similar to GAPDH, SCIRT was detected in both nuclear and cytoplasm samples 
of HAOSMCs (A). IntaRNA 2.0 was applied to predict the interaction between SCIRT and miR-146a (B). The direct interaction between SCIRT and 
miR-146a was analyzed by RNA pull-down assay (C). ***p < 0.001
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were significantly higher in Bio-miR-146a pull-down 
sample compared to that in Bio-NC group, suggesting 
the direct interaction between them (Fig. 2C, p < 0.001).

The roles of SCIRT and miR‑146a in regulating 
the expression of each other
To further investigate the crosstalk between SCIRT and 
miR-146a in atherosclerosis, SCIRT or miR-146a was 
overexpressed in HAOSMCs. The overexpression of 
SCIRT or miR-146a was confirmed in HAOSMCs every 
24 h until 96 h (Fig. 3A, p < 0.05). Surprisingly, overex-
pression of SCIRT and miR-146a did not regulate the 
expression of each other (Fig. 3B).

The role of SCIRT and miR‑146a in the proliferation 
of HAOSMCs
BrdU assay was performed to study the role of SCIRT 
and miR-146a in the proliferation of HAOSMCs. The 
results illustrated that SCIRT could suppress the pro-
liferation of VSMCs, and miR-146a could promote cell 

Fig. 3  The roles of SCIRT and miR-146a in regulating the expression of each other. To further analyze the crosstalk between SCIRT and miR-146a in 
atherosclerosis, SCIRT or miR-146a was overexpressed in HAOSMCs. The overexpression of SCIRT or miR-146a was confirmed in HAOSMCs every 24 h 
until 96 h (A). The role of SCIRT and miR-146a in regulating the expression of each other was analyzed by RT-qPCR (B). *p < 0.05

Fig. 4  The role of SCIRT and miR-146a in the proliferation of 
HAOSMCs. BrdU assay was performed to study the role of SCIRT and 
miR-146a in the proliferation of HAOSMCs. Each experiment was 
performed in three biological replicate wells. Data were expressed as 
mean ± SD. *p < 0.05
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proliferation. Moreover, SCIRT inhibited the role of 
miR-146a in cell proliferation (Fig. 4, p < 0.05).

Discussion
Atherosclerosis is a complex chronic disease with multi-
ple potential factors involved. This study demonstrated 
the participation of lncRNA SCIRT and miR-146A in 
atherosclerosis. We showed that SCIRT is downregulated 
in atherosclerosis and it may sponge miR-146a to sup-
press the proliferation of HAOSMCs.

To date, the function of SCIRT has mainly been inves-
tigated in breast cancer [14]. Although SCIRT is upreg-
ulated during the tumorigenesis of breast cancer, it 
suppresses the cancer cell self-renewal mechanism by 
counteracting EZH2 and SOX2 to suppress cancer pro-
gression [14]. This study is the first to analyze the role 
of SCIRT in atherosclerosis. We found that SCIRT is 
downregulated in atherosclerosis. It is known that other 
clinical disorders and therapies may affect gene expres-
sion. Therefore, this study excluded patients complicated 
with other diseases and the ones with initiated therapy. 
Vascular smooth muscle cells play prominent roles in 
atherosclerosis [16]. The aberrant VSMCs proliferation at 
early stages of atherosclerosis promotes the formation of 
plaques, which in turn promotes disease progression [16]. 
In contrast, the increased proliferation of VSMCs pre-
vents fibrous cap rupture, resulting in beneficial effects 
[16]. In this study we showed that SCIRT could suppress 
the proliferation of HAOSMCs. Therefore, accurate reg-
ulation of the expression of SCIRT at different stages of 
atherosclerosis may improve disease conditions.

MiR-146a has been reported to form a feedback loop 
with Krüppel-like factor 4 to regulate the proliferation of 
HAOSMCs [15]. However, the role of miR-146a in ath-
erosclerosis is unknown. In this study we presented the 
reduced expression levels of miR-146a in atheroscle-
rosis. Additionally, we confirmed the inhibitory effects 
of miR-146a on the proliferation of HAOSMCs. To the 
best of our knowledge, the upstream regulator of miR-
146a in atherosclerosis is unknown. The present study 
showed that miR-146a directly interacted with SCIRT in 
HAOSMCs, while did not affect the expression of each 
other. Therefore, SCIRT is unlikely a target of miR-146a. 
With GAPDH as a cytoplasm marker, our data showed 
that SCIRT was localized to both nuclear and cytoplasm. 
It is known that mature miRNAs are only detectable in 
cytoplasm. We then speculated that SCIRT may sponge 
miR-146a to suppress its role.

Our study suggested that SCIRT could be a potential 
target to treat atherosclerosis by regulating cell prolifera-
tion. However, this study also has limitations, for exam-
ple the small sample size and the lack of in vivo assays. 
The conclusions of this study should be further verified 

by future studies with bigger sample sizes and animal 
model experiments.

In conclusion, SCIRT is downregulated in atheroscle-
rosis and its overexpression may suppress the prolif-
eration of HAOSMCs possibly by sponging miR-146a in 
cytoplasm.

Abbreviation
HAOSMCs: Human Aortic Smooth Muscle Cells.

Acknowledgements
Not applicable.

Authors’ contributions
WHG, RL and HBC: manuscript writing, experimental work, literature research, 
data analysis and statistical analysis; JJY, XJH and DX: literature search, experi-
mental work, clinical research and data analysis; WHG, HZ, WWD and HBC: 
study design, funding acquisition and manuscript review. All authors read and 
approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Ethical approval was obtained from the Ethics Committee of HangzhouBay 
Hospital and all the procedures have been performed in accordance with 
the Declaration of Helsinki. Written informed consent was signed by all 
participates.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Cardiovascular, HangzhouBay Hospital, Binhaier Road, 
HangzhouBay County, Ningbo 315000, Zhejiang Province, People’s Republic 
of China. 2 Department of Pathology, No.2 Hospital Yinzhou County, Ningbo, 
Zhejiang Province, People’s Republic of China. 3 Department of Cardiovascular, 
No. 1 Hospital, Ningbo, Zhejiang Province, People’s Republic of China. 4 Depart-
ment of Cardiology, Hospital of Cilin, Ningbo, Zhejiang Province, People’s 
Republic of China. 5 Department of Thoracic Surgery, No.2 Hospital Yinzhou 
County, Ningbo, Zhejiang Province, People’s Republic of China. 

Received: 20 April 2021   Accepted: 20 October 2021

References
	1.	 Geovanini GR, Libby P. Atherosclerosis and inflammation: overview and 

updates. Clin Sci. 2018;132(12):1243–52.
	2.	 Antoniades C, Kotanidis CP, Berman DS. State-of-the-art review article. 

Atherosclerosis affecting fat: what can we learn by imaging perivascular 
adipose tissue? J Cardiovasc Comput Tomogr. 2019;13(5):288–96.

	3.	 Stroes ES, Thompson PD, Corsini A, Vladutiu GD, Raal FJ, Ray KK, et al. 
Statin-associated muscle symptoms: impact on statin therapy-European 
Atherosclerosis Society Consensus Panel Statement on Assessment. 
Aetiol Manag Eur Heart J. 2015;36(17):1012–22.



Page 7 of 7Gao et al. J Cardiothorac Surg          (2021) 16:324 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	4.	 Venegas-Pino DE, Lagrotteria A, Wang PW, Morphet J, Clapdorp C, Shi 
Y, et al. Evidence of extensive atherosclerosis, coronary artery disease 
and myocardial infarction in the ApoE(−/−):Ins2(+/Akita) mouse fed a 
western diet. Atherosclerosis. 2018;275:88–96.

	5.	 Banerjee C, Chimowitz MI. Stroke caused by atherosclerosis of the major 
intracranial arteries. Circ Res. 2017;120(3):502–13.

	6.	 Ali A, Younis N, Abdallah R, Shaer F, Dakroub A, Ayoub M, et al. Lipid-
Lowering therapies for atherosclerosis: statins, fibrates, ezetimibe and 
PCSK9 monoclonal antibodies. Curr Med Chem. 2021;28:1–18.

	7.	 Kim YH, Her AY, Jeong MH, Kim BK, Lee SY, Hong SJ, et al. Comparison 
between beta-blockers with angiotensin-converting enzyme inhibitors 
and beta-blockers with angiotensin II Type I receptor blockers in ST-
segment elevation myocardial infarction after successful percutaneous 
coronary intervention with drug-eluting stents. Cardiovasc Drugs Ther. 
2019;33(1):55–67.

	8.	 Roever LS, Resende ES, Diniz AL, Penha-Silva N, Veloso FC, Casella-Filho A, 
et al. Abdominal Obesity and Association With Atherosclerosis Risk Fac-
tors: The Uberlândia Heart Study. Medicine. 2016;95(11):e1357.

	9.	 Baldrighi M, Mallat Z, Li X. NLRP3 inflammasome pathways in atheroscle-
rosis. Atherosclerosis. 2017;267:127–38.

	10.	 Khyzha N, Alizada A, Wilson MD, Fish JE. Epigenetics of ath-
erosclerosis: emerging mechanisms and methods. Trends Mol Med. 
2017;23(4):332–47.

	11.	 Laffont B, Rayner KJ. MicroRNAs in the pathobiology and therapy of 
atherosclerosis. Can J Cardiol. 2017;33(3):313–24.

	12.	 Fernández-Ruiz I. Atherosclerosis: a new role for lncRNAs in atherosclero-
sis. Nat Rev Cardiol. 2018;15(4):195.

	13.	 Wang CH, Shi HH, Chen LH, Li XL, Cao GL, Hu XF. Identification of key 
lncRNAs associated with atherosclerosis progression based on public 
datasets. Front Genet. 2019;10:123.

	14.	 Pardini B, Dragomir MP. SCIRT lncRNA blocks the shot of breast cancer 
cells self-renewal mechanism. Can Res. 2021;81(3):535–6.

	15.	 Sun SG, Zheng B, Han M, Fang XM, Li HX, Miao SB, et al. miR-146a and 
Krüppel-like factor 4 form a feedback loop to participate in vascular 
smooth muscle cell proliferation. EMBO Rep. 2011;12(1):56–62.

	16.	 Chistiakov DA, Orekhov AN, Bobryshev YV. Vascular smooth muscle cell in 
atherosclerosis. Acta Physiol (Oxf ). 2015;214(1):33–50.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	LncRNA SCIRT is downregulated in atherosclerosis and suppresses the proliferation of human aortic smooth muscle cells (HAOSMCs) by sponging miR-146a in cytoplasm
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Study populations
	Plasma preparations
	Human aortic smooth muscle cells (HAOSMCs)
	Cell transfections
	Preparation of RNA samples
	RT-qPCRs
	Subcellular fractionation assay
	RNA pull-down assay
	BrdU cell proliferation assay
	Statistical analysis

	Results
	Expression analysis of SCIRT and miR-146a in atherosclerosis
	The subcellular location of SCIRT in HAOSMCs and the interaction between SCIRT and miR-146a
	The roles of SCIRT and miR-146a in regulating the expression of each other
	The role of SCIRT and miR-146a in the proliferation of HAOSMCs

	Discussion
	Acknowledgements
	References


