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Background: MiR-130a is a recently identified critical player in vascular smooth muscle 
cell (VSMC) proliferation, which participates in intracranial aneurysm (IA). However, the 
involvement of miR-130a in IA and its upstream regulator are unknown. Our preliminary 
sequencing analysis revealed a close correlation between miR-130a and lncRNA 
SAMMSON across IA samples. Therefore, we further studied the crosstalk between 
SAMMSON and miR-130a in IA.
Methods: SAMMSON and miR-130a expression were measured using RT-qPCR. 
SAMMSON subcellular location was analyzed with nuclear fractionation assay. Their direct 
interaction was explored with RNA pull-down assay. The role of SAMMSON in miR-130a 
maturation was studied with overexpression analysis. VSMC cell proliferation was analyzed 
with BrdU assay.
Results: SAMMSON and premature miR-130a were deregulated in IA, while mature miR- 
130a was upregulated in IA. SAMMSON is localized in both the nucleus and cytoplasm, and 
direct interaction between SAMMSON and miR-130a was observed. SAMMSON over-
expression suppressed miR-130a maturation in VSMCs and reduced the enhancing effects 
of miR-130a on VSMC cell proliferation.
Conclusion: SAMMSON is overexpressed in IA and suppresses VSMC proliferation via 
inhibiting miR-130a maturation.
Keywords: intracranial aneurysm, SAMMSON, miR-130a, maturation

Introduction
Intracranial aneurysm (IA), also widely known as brain aneurysm, is a severe 
cerebrovascular disorder caused by the cerebral vein or artery wall 
weakness.1,2 IA is commonly treated with ballooning or dilation of local 
blood vessels. IA may rupture or leak, and the ruptured IA could lead to 
bleeding in brain tissues, causing hemorrhagic stroke.3,4 It is estimated that 
more than 25% of IA patients will die after IA rupture, and IA complications 
cause deaths in another 25% of patients within 6 months after rupture.4–6 The 
ruptured IA is usually treated with surgical clipping or less invasive endovas-
cular coiling.7 However, these two treatments might reduce blood flow to the 
brain and bleeding in the brain.7 At present, the prevention of IA rupture is 
still critical for IA treatment.
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Previous studies have elucidated the correlation 
between IA development and many risk factors, such as 
alcoholism, tobacco consumption, hypertension, obesity, 
head trauma, and infections.2,8,9 Besides, alterations in 
the expression of some molecular factors may also con-
tribute to IA.10 For instance, lncRNAs and miRNAs affect 
protein production and regulate other noncoding RNAs to 
regulate IA growth and rupture.11,12 Although lacking 
protein-coding capacity, lncRNAs and miRNAs participate 
in human diseases, including IA, mainly by affecting the 
expression of protein-coding genes. Therefore, regulating 
the expression of certain miRNAs or lncRNAs with criti-
cal functions in IA may provide potentials for IA 
treatment.11,12

MiR-130a enhances the proliferation of vascular 
smooth muscle cells (VSMCs),13 which participate in 
IA.14 It is still unknown whether miR-130a participates 
in IA. Our preliminary sequencing analysis revealed 
a close correlation between miR-130a and lncRNA 
SAMMSON, a well-studied cancer-related lncRNA,15 

across IA samples. SAMMSON plays a critical role in 
cancer biology by interacting with critical signal pathways 
involved in cancer development, such as PI3K/Akt 
Pathway.15 However, the involvement of SAMMSON in 
IA is unknown. This study analyzed the potential interac-
tion between SAMMSON and miR-130a in IA.

Materials and Methods
Patients and Blood Extraction
Aneurismal tissues were collected from 30 patients with 
ruptured IAs at West China Hospital, Sichuan University 
during microsurgical clipping. In addition, superficial tem-
poral arteries (STAs) were collected from other 30 patients 
who underwent lateral frontal craniotomies and pterional 
craniotomies due to injuries at the same hospital. All tissue 
samples were stored at −80°C prior to subsequent RNA 
isolations. The study was approved by the Ethics 
Committee of West China Hospital, Sichuan University. 
All IAs and controls signed informed consent. Table 1 
shows the clinical data of the two groups of participants.

VSMCs and Electric Transfection
Human VSMCs were purchased from Clonetics (San Diego, 
USA) and cultured in medium 231 containing smooth mus-
cle growth supplements at 37°C in an incubator with 5% 
CO2. A total of 107 VSMCs were transfected with either 10 
μg pcDNA3.1-SAMMSON expression vector, 50 nM miR- 

130a mimic, or their corresponding negative controls using 
Neon Electroporation Transfection system (Thermo Fisher 
Scientific). In addition, untreated cells were used as the 
control (C) cells. The subsequent analyses were performed 
at 48 h of post-transfection.

RNA Isolation and Analysis
Total RNAs were extracted from cells of each transfection 
group and tissue samples using the Direct-zol RNA Kit 
(ZYMO RESEARCH) and treated with DNase I to remove 
DNA. RNA quality was analyzed by Agilent 2100 
Bioanalyzer (Agilent Technologies, USA). Only RNA 
samples with high quality were used for subsequent 
experiments. Otherwise, RNA isolations were repeated.

RT-qPCR
A total of 1000 ng total RNA were reverse transcribed into 
cDNA, followed by qPCR to determine the expression of 
SAMMSON and premature miR-130a using 18S rRNA as 
the endogenous control. Mature miR-130a expression was 
analyzed with All-in-One™ miRNA qRT-PCR Reagent 
Kit (Genecopoeia) by qPCR with U6 as the endogenous 
control. The method of 2−ΔΔCt was applied to normalize 
the expression of each gene to the corresponding controls.

Nuclear Fractionation Assay
Nuclear/Cytosol Fractionation Kit (BioVision, # K266) 
was applied to prepare nuclear and cytosolic samples 
from VSMCs. Briefly, after cell lysis, the homogenate 
was centrifuged for 10 min at 2500 g (4°C). The super-
natant was used as the cytosolic fraction, and the nuclear 
pellet was collected to serve as the nuclear fraction. After 
that, RNA isolation from these two fractions was per-
formed, followed by RTs and PCR to determine the 
expression of SAMMSON with GAPDH as the endogen-
ous control. Electrophoresis was performed with 1% agar-
ose gel to separate PCR products. After EB staining, 
images were taken with MyECL Imager (Bio-Rad).

Table 1 Clinical Data of Two Groups of Participants

IAs (I=30) STAs (n=30)

Gender (Female %) 11 (36.67%) 12 (40.00%)
IA Size (mm, mean±SD) 12.37±8.19 NA

Age (Years, mean±SD) 55.83±6.16 54.98±11.39

Hypertension % 19 (63.33%) 15 (50%)
Smokers % 8 (26.67%) 8 (26.67%)

Drinkers % 7 (23.33%) 7 (23.33)
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RNA Pull-Down Assay
Vectors with T7 promoter expressing premature miR-130a or 
NC miRNA were used to prepare transcripts of both premature 
miR-130a or NC miRNA through in vitro transcription using 
the T7 RNA polymerase MEGAscript™ T7 Transcription Kit 
(Cat # AMB13345, Thermo Fisher Scientific). Both tran-
scripts were labeled with biotin using the Pierce™ Biotin 3ʹ 
End DNA Labeling Kit (Cat # PI89818, VWR) and named 
Bio-miR-130a and Bio-NC, respectively. The two miRNAs 
were then transfected into VSMCs as described above. After 
the preparation of cell lysis at 48h of post-transfection, biotin- 
ligated miRNAs were pulled down using streptavidin agarose 
magnetic beads (Life Technologies). The pull-down samples 
were subjected to RNA isolations and RT-qPCR to determine 
the expression of SAMMSON.

BrdU Incorporation Assay
Cell proliferation after transfections was analyzed by 
BrdU incorporation. In brief, transfected cells were seeded 
onto a 96-well plate to a density of 6000 cells per well. 
After cultured for 48 h, BrdU was added into each well to 
a final concentration of 10 µM. After cultured for another 
24 h, cells were fixed for 30 min and then incubated with 
peroxidase-coupled anti-BrdU-antibody (Sigma–Aldrich) 
for one hour. After washed with PBS three times, cells 
were further incubated with peroxidase substrate for 1 
h. Finally, OD values at 450 nm were measured.

Statistical Analysis
All in vitro experiments were performed in three biological 
replicates. Two independent groups were compared by 
unpaired t test. Multiple independent groups were compared 
by ANOVA Tukey’s test. A P<0.05 was statistically 
significant.

Results
Changed SAMMSON and miR-130a 
Levels in IA
SAMMSON and miR-130a levels in IAs and STAs were 
analyzed by RT-qPCR. The results illustrated that the 
levels of SAMMSON (Figure 1A, p<0.01) and premature 
miR-130a (Figure 1B, p<0.01) were lower while mature 
miR-130a was higher in IA than in STA (Figure 1C, 
p<0.01). Therefore, SAMMSON downregulation and 
increased miR-130a maturation are likely involved in IA. 
Correlation analysis revealed that SAMMSON was posi-
tively correlated with premature miR-130a (Figure 1D) but 
inversely correlated with mature miR-130a (Figure 1E).

Subcellular Location of SAMMSON and 
Its Direct Interaction with Premature 
miR-130a
Nuclear fractionation assay was performed to analyze the 
subcellular localization of SAMMSON in VSMCs. With 

Figure 1 SAMMSON and miR-130a expression in IAs and STAs. IA and STA samples were subjected to RNA isolation, followed by RT-qPCR to analyze the differential 
expression of SAMMSON (A), premature miR-130a (B), and mature miR-130a (C). Pearson’s correlation coefficient was performed to analyze the correlations of 
SAMMSON with premature miR-130a (D) and mature miR-130a (E). **p<0.01.
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GAPDH as the endogenous control, our data clearly 
showed that SAMMSON was detected in both nuclear 
(N) and cytosolic (C) fractions. Therefore, SAMMSON 
might traffic between the nucleus and cytoplasm (Figure 
2A). RNA pull-down assay was conducted with Bio-miR 
-130a to examine the direct interaction between premature 
miR-130a and SAMMSON. Compared to Bio-NC pull- 
down samples, a significantly higher SAMMSON level 
was detected in Bio-miR-130a pull-down samples 
(Figure 2B, p<0.01). As premature miRNAs are localized 
in the nucleus, we concluded that SAMMSON in the 
nucleus might directly interact with premature miR-130a.

SAMMSON Suppresses miR-130a 
Maturation in VSMCs
SAMMSON or mature miR-130a was overexpressed in 
VSMCs. The follow-up RT-qPCR analyses illustrated the 
increased expression of both SAMMSON and miR-130a in 
VSMCs from 24 h to 72h (Figure 3A, p<0.05). In addition, 
SAMMSON overexpression in VSMCs significantly 
increased premature miR-130a level (Figure 3B, p<0.05) 
but significantly decreased mature miR-130a level (Figure 
3C, p<0.05) in VSMCs. Therefore, SAMMSON might sup-
press miR-130a maturation in VSMCs.

Roles of SAMMSON and miR-130a in 
VSMC Proliferation
BrdU incorporation assay was utilized to analyze VSMC 
proliferation after overexpression of SAMMSON and/or 

miR-130a. The results clearly demonstrated an inhibitory 
effect of SAMMSON on cell proliferation and enhanced 
effects of miR-130a on cell proliferation (p<0.05). 
Moreover, the co-transfection assay illustrated that 
SAMMSON suppressed the enhancing effects of miR- 
130a on VSMC proliferation (Figure 4, p<0.05).

Discussion
Our study first reported the interaction between 
SAMMSON and miR-130a in IA. We observed an altered 
expression of SAMMSON and miR-130a (both mature 
and premature form) in IA. Remarkably, miR-130a 
maturation in VSMCs is regulated by SAMMSON, sug-
gesting the potential application of SAMMSON and miR- 
130a in the treatment of IA.

A recent study showed that miR-30a is upregulated in 
a rat spontaneous hypertension model, and miR-30a over-
expression targets GAX to promote VSMC proliferation.13 

Hypertension is a major risk factor for IA.2,8,9 Therefore, 
miR-130a might also participate in IA. This study first 
reported upregulation of mature miR-130a and decreased 
premature miR-130a expression in IA. Therefore, the 
increased maturation of miR-130a but not the increased 
transcription of miR-130a may participate in IA. The study 
also confirmed the enhancing effects of miR-130a on 
VSMC proliferation. The altered VMSC proliferation 
plays different roles at different stages of IAs.16 The 
increased VMSC proliferation rate promotes the growth 
of IA at early stages and suppresses IA rupture at late 

Figure 2 Subcellular location of SAMMSON and its direct interaction with premature miR-130a. Nuclear fractionation assay was conducted to analyze the subcellular 
localization of SAMMSON in VSMCs (A). RNA pull-down assay was performed with Bio-miR-130a to examine the direct interaction between premature miR-130a and 
SAMMSON (B). **p<0.01.
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stages. Therefore, accurate regulation of miR-130a expres-
sion might suppress IA growth and rupture.

At present, the upstream regulation of miR-130a in VSMC 
proliferation is unknown. This study showed that SAMMSON 
is downregulated in IA, and SAMMSON overexpression in 
VSMCs suppresses miR-130a maturation, suggesting that 
SAMMSON is a novel molecular inhibitor of miR-130a 
maturation. Furthermore, SAMMSON could be detected in 
both the nucleus and cytoplasm. It has been well established 
that premature miRNAs are mainly localized in the nucleus 
while mature miRNAs are mainly localized in the 
cytoplasm.17 Therefore, we hypothesized that SAMMSON 
might sponge premature miR-130a in the nucleus to suppress 
its maturation. This hypothesis is supported by the observation 
of the direct interaction between SAMMSON and miR-130a.

The study is limited by the relatively small size of 
patients and lack of in vivo functional analyses of 
SAMMSON and miR-130a. Therefore, our conclusions 
remain to be further validated.

Figure 3 Role of SAMMSON in miR-130a maturation in VSMCs. SAMMSON or mature miR-130a was transfected in VSMCs. Their overexpression in VSMCs was 
confirmed from 24h to 72h (A). The role of SAMMSON in regulating premature miR-130a (B) and mature miR-130a (C) levels in VSMCs was also analyzed by RT-qPCR. 
*p<0.05.

Figure 4 Effects of SAMMSON and miR-130a in VSMC proliferation. BrdU incor-
poration assay was performed to analyze VSMC proliferation after overexpression 
of SAMMSON and/or miR-130a. *p<0.05.
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Conclusion
Overall, our data illustrated that SAMMSON overexpression 
might suppress miR-130a maturation in VSMCs to partici-
pate in IAs. Therefore, regulating the expression of 
SAMMSON and miR-130a may improve the treatment of IA.
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