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ABSTRACT

An increasing number of studies have shown that noncoding RNAs are involved in cardiovascular diseases. Our
study shows that the expression of microRNA-30a-3p (miR-30a-3p) in patients with arteriosclerosis obliterans
(ASO) of the lower extremities is significantly decreased after endovascular treatment, but its role is unclear. This
study aims to explore the role of microRNA-30a-3p in ASO and its related mechanisms. Immunofluorescence and
in situ hybridization costaining indicated that microRNA-30a-3p mostly exists in vascular smooth muscle cells
(VSMCs). Furthermore, after transfection into VSMCs, microRNA-30a-3p inhibited VSMC proliferation, migration
and phenotype switching. In addition, luciferase reporter and western blot analyses indicated that ROCK2 (Rho-
related spiral coil 2 containing protein kinase) is a microRNA-30a-3p target gene, and participates in the
microRNA-30a-3p mediated cell inhibitory effect. At last, the rat carotid artery was infected by lentivirus after
balloon injury, which increased microRNA-30a-3p levels and apparently suppressed the formation of neointima
in vivo. Overall, exogenous introduction of microRNA-30a-3p, a noncoding RNA with unlimited potential, may be a
new approach to treat ASO.

INTRODUCTION

Cardiovascular disease treatments have developed
rapidly in recent decades, but vascular diseases have
become a worldwide health problem and lead to
serious heart disease, as well as serious vascular
diseases in many other parts of the body, such as
vascular dementia, stroke, lower limb arteriosclerosis
obliterans (ASO), diabetic retinopathy, and diabetic
nephropathy [1, 2]. Among these conditions, lower
extremity ASO has a high incidence and is a serious

disease and one of the main causes of limb loss [3].
A series of endovascular procedures, such as plaque
rotation, stent implantation and balloon angioplasty,
are important treatments for lower extremity ASO, but
postoperative vascular restenosis seriously hinders the
recanalization of ASO vessels in the lower limbs [4].
Therefore, identification of a method that can inhibit
arterial stenosis is urgently needed.

Whether vascular restenosis occurs after endovascular
treatment or the occurrence and development of ASO,
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its main pathological manifestations are platelet aggre-
gation, lipid deposition, inflammatory cell invasion,
growth factor stimulation, vascular smooth muscle
cell (VSMC) migration and proliferation, extracellular
matrix regeneration, etc., and traditionally, the excessive
VSMC proliferation and migration after external
stimulation is the most important reason among these
manifestations [4]. Therefore, exploring the mechanism
underlying VSMC function might help elucidate the
pathogenesis and identify a new therapeutic strategy.

In recent decades, major developments in the field of
basic research have been reported, and new discoveries
in the field of noncoding RNA are emerging, which
have led to new paradigms in the treatment of diseases.
Some noncoding RNAs, such as microRNAs, INcRNAs,
circRNAs, piRNAs, rRNAs and tRNAs, have been
identified in the past few decades, and have been
shown to be biomarkers and therapeutic targets for
cardiovascular diseases by numerous studies [5, 6].
Among them, microRNAs are endogenous, single-
stranded, small (19 to 23 nucleotides) noncoding
RNAs that exist in almost all organisms and have been
suggested to be closely related to gene regulation;
therefore, they are involved in the occurrence and
development of ASO [7]. MicroRNAs mediate their
effects mainly by translational inhibition or RNA
cleavage/degradation to negatively regulate target gene
function. For example, miR-4463 can promote VSMC
phenotypic switching by targeting bFGF8 [8]. Based
on our existing research results, microRNA-30a-3p
was notably reduced in restenotic ASO vessels after
endovascular treatment, which attracted our interest.

Our study investigates the possible role of microRNA-
30a-3p in cardiovascular disease for the first time. The
experimental results may provide new potential bio-
markers and novel noncoding RNA-based approaches
for ASO diagnosis and treatment.

MATERIALS AND METHODS
Sample acquisition

Vascular specimens were obtained from donors with
or without arteriosclerosis obliterans who underwent
lower limb amputation since 2014. These specimens
were approved by donors or by their families. Patient
information is in Supplementary Table 1.

Real-time gRT-PCR

First, we degraded the vascular tissue or cell and
extracted the RNA. Then, the PrimeScriptTM RT kit
(TaKaRa, Japan) was used to generate total cDNA.
Next, we used a real-time PCR apparatus (ABI, USA)

and SYBR Green PCR Kit (TaKaRa, Japan) for qPCR
detection. Table 1 shows the primer sequences for qRT-
PCR.

Cell culture

VSMCs were prepared by the explant method,
and anti-alpha SMA antibody (ab5694, Abcam,
UK) staining was used for identification. The cell
suspension was assessed with a counting plate. The
number of cells was adjusted to (2-5) x 10° cells/ml, or
the density required for the experiment. VSMCs were
placed in a 37° C incubator containing 5% carbon
dioxide. The Dulbecco’s modified Eagle’s medium
(DMEM) (Invitrogen, USA) containing 5% serum and
1% penicillin and streptomycin was used. In general,
the primary cultured cells (Supplementary Figure 2)
adhered to the bottle wall and began to grow after 5-7
days. New medium containing 1/2 of the original
medium was added, and the medium was changed after
2-3 days for further culture. Generally, after 7-14 days,
cells filled the bottle wall for generations.

Cell transfection and infection

Smooth muscle cells were seeded at 3x105 cells/
well into 6-well plate. After 24 hr, cells were
transfected with microRNA-30a-3p analog, inhibitor
and control oligos (RiboBio, China), respectively
using LipofectamineTM 3000 reagent (Invitrogen,
USA). For lentiviral transfection, ROCK2-LV (Gene
Copoeia, USA) lentivirus particles were utilized
according to the instructions.

In situ hybridization

We used the 5°’DIG-labeled LNA probe (Supplementary
Table 2) (TaKaRa, Japan) and miRCURY LNA™
Detection Control Probe (Exigon, Denmark) for in
situ hybridization to detect microRNA-30a-3p in 5
um paraffin sections. Then, we used a tyramine signal
amplification system (PerkinElmer, USA) to amplify
the localization signal of microRNA-30a-3p according
to the instructions. Finally, VSMCs were stained with
muscle-a-actin antibodies. ImageJ was used to analyze
the section’s photos.

CCK-8 assay

The treated VSMCs were plated at 1x103 cells/well into
96-well plate in five replicates. Cell proliferation was
measured using CCK-8 kit (Dojindo, Japan), and then
the relative smooth muscle cell proliferation rates were
measured by measuring absorbance values at 450 nm
wavelength.
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Table 1. Sequences of the primers used for qRT-PCR.

Name Forward Reverse
GAPDH tgacttcaacagcgacaccca caccctgttgetgtagecaaa
ROCK2 ctttcattgcctgtacgaaaca  actggtcggacatgaaataact
MiR-30a-3p gcetegtectttcagtcggatgt tccagtgcagggtccgagg
U6 ctcgcettcggeageaca aacgcttcacgaatttgcgt

EdU assay

We used an EdU Kit (RiboBio, China) to conduct
EdU experiments in treated or transfected VSMCs. In
the EdU analysis process, 100 pL EdU was first used
to treat VSMCs in 96-well culture plates for 2 hours,
and Hoechst 33342 staining was then used to observe
the nucleus. Finally, positive cells were counted and
normalized to the total number of cells (positive rate =
positive cell / total cell).

Transwell assay

Treated or transfected cells were placed in the upper
well (Costa, USA), serum-free medium was used, and
medium with serum was placed in the lower well. After
12 hours, the Transwell chambers were fixed, and we
then stained smooth muscle cells with crystal violet dye
to assess cell migration ability [9]. Cells in five random
fields were selected for counting.

Wound healing assay

For the wound healing assay, following the transfection,
the VSMCs were seeded into 6-well plates (30,000
cells/well) until 90% confluence was reached, and then,
a single scratch wound was produced using a sterilized
200-pL disposable pipette tip. The cells were cultured
with medium without serum for 0 to 24 hours, scratch
wounds were visualized using an inverted microscope,
and the area of the scratch wounds was measured
using Image Pro Plus software. The wound-healing rate
demonstrates the percentage of wound healing with the
initial scratch area as 100%, and the wound healing rate
was compared between groups with the vehicle used in
the control group.

Luciferase reporter assay

First, by designing primers to clone desired target
fragments from genomic DNA by PCR, we generated
wild-type or mutant-type sequences of the ROCK2 3’-
untranslated region (UTR). Next, the sequences were
added to the psi-CHECK2TM vector to construct
plasmids (sequence information of the target genes
for luciferase reports is in Supplementary Table 3 and

Supplementary Figure 1). Then, we cotransfected
the microRNA-30a-3p mimic, inhibitor, blank con-
trol and constructed plasmids into HEK298 cells by
Lipofectamine for further detection. Two days later, the
instructions of the Luciferase Reporter Kit (Promega,
USA) were followed to detect the luciferase activity.
Finally, R-luc activity was compared with control F-luc
activity to determine transfection efficiency.

Western blot assay

We first extracted the total protein from the
lysate of cells or tissues and then separated the
protein by electrophoresis. Then the proteins on the
gels were transferred onto PVDF membranes. We
used the antibodies listed below to measure the
relative expression of the following proteins: SM-
a-actin (AB5694, Abcam, UK), ROCK2 (21645-1-AP,
Proteintech, China), GAPDH (A00084, GenScript,
China), calponin (AB46794, Abcam, UK), and Ki67
(28074-1-AP, Proteintech, China). Finally, enhanced
chemiluminescence (ECL) detection reagent (Applygen
Technologies, China) was added to the PVDF film
(Millipore, USA), and then, photos were taken.

Rat carotid artery injury model

First, we clamped the unilateral arteria carotis
communis (as close to the heart as possible) and the
arteria carotis interna and then ligated the arteriae
carotis externa near the cerebral artery. Then, the
arteriae carotis externa was cut locally, and this
incision did not exceed one-third of the vessel
perimeter. A 2F Forgarty balloon was then inserted
retrogradely into the arteria carotis communis and
inflated, and we monitored the size of the balloon to
more easily prop up the vessel. The balloon was
pumped back and forth (3-5 times) to remove the
vascular endothelium. The balloon device was
carefully withdrawn, and then we added the virus
transfection solution into the temporary arteria carotis
communis occluded site, waiting for 10 minutes
for infection. Finally, we ligated the arteriae carotis
externa and closed the surgical incision. Two weeks
later, these rats were sacrificed, and the arteria carotis
were removed for analysis.
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Statistics

Student’s t test was selected to analyze the data, and a
p-value < 0.05 was considered statistically significant.
In these experiments, we analyzed the data with
GraphPad Prism.

RESULTS

MicroRNA-30a-3p decreased in the restenotic ASO
artery

In ASO arteries with restenosis after endovascular
treatment, the distribution ranges of microRNA-30a-
3p and the VSMC marker SM-a-actin were basically
consistent, as determined by immunofluorescence and
in situ hybridization analysis (Figure 1A). According to
this result, we believe that the microRNA-30a-3p was
concentrated in VSMCs (Figure 1A). Then, the 10D
(integrated optical density) value of these fluorescently
stained sections was detected and compared. By
analyzing the 10D value, we found that microRNA-30a-
3p expression in ASO arteries was markedly lower than
that in normal arteries (Figure 1B). Beyond that, by
qRT-PCR analysis also showed that microRNA-30a-3p

levels in ASO arteries were decreased (Figure 1C).
Combined staining results also revealed that in ASO
vessels, the microRNA-30a-3p content in neointima
was markedly lower than that in the central smooth
muscle layer. To further confirm this result, we
separated the three layers (neointima, media, adventitia)
of the ASO artery sample with forceps and then
detected the relative miRNA levels. The content of
micoRNA-30a-3p in the middle layer was higher than
that in the other two parts (Figure 1D). Finally, in
summary, microRNA-30a-3p in the ASO smooth
muscle layer is significantly reduced, especially in the
neointima.

The VSMC function was suppressed by MicroRNA-
30a-3p

MicroRNA-30a-3p mimics were first transfected into
human VSMCs and then, through qRT-PCR detection,
the content of microRNA-30a-3p in VMSCs was found
to be markedly increased (Figure 2A). Furthermore,
upregulation of microRNA-30a-3p content in VSMCs
was confirmed to reduce the proliferative capacity of
VSMCs by both experiments with CCK-8 (Figure 2B)
and Edu (Figure 2C, 2D) assays. Next, we also found that
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Figure 1. MicroRNA-30a-3p decreased in the restenotic ASO artery. (A) SM-a-actin and microRNA-30a-3p were stained in ASO and
normal vascular sections (n=8); We used DAPI to stain the nuclei. (A, B) The 10D of the microRNA-30a-3p-stained vascular sections was
calculated and compared. (C) Relative microRNA-30a-3p levels in ASO and normal arteries (QRT-PCR, n=8). (D) Relative microRNA-30a-3p
levels in the three layers of ASO arteries (QRT-PCR, n=8). Scale, 200 um; ***=0.001.
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when the microRNA-30a-3p content in cells increased,
VSMC migration capacity in vitro was inhibited in
two experiments, Transwell assays (Figure 2E, 2F)
and wound healing analysis (Figure 2G, 2H). In
summary, we can conclude from these experiments
that VSMC proliferation and migration were suppressed
by microRNA-30a-3p.
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The phenotypic switch of VSMCs was suppressed by
MicroRNA-30a-3p

The VSMCs phenotype can change from contractile to
synthetic after stimulation by PDGF-BB. In this study,
we examined whether this phenotypic switch of VSMCs
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Figure 2. VSMC proliferation and migration were suppressed by microRNA-30a-3p. (A) MicroRNA-30a-3p levels in each group
(RT-PCR, n=6). MicroRNA-30a-3p suppressed VSMC proliferation, as shown by (B) CCK-8 assays (n=6) and (C, D) EdU assays (n=6).
MicroRNA-30a-3p suppressed VSMC migration, as shown by (E, F) Transwell assays (n=6) and (G, H) wound healing assays (n=6). Scale,

100 pm (C, E), 200 pm (G); ***=0.001.
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confirmed that microRNA-30a-3p  upregulation
suppressed the VSMC phenotypic switch induced by
PDGF-BB (Figure 3A). In general, the phenotype protein
expression of SM-a-actin and calponin was decreased
during PDGF-BB-stimulated VSMC switching. Further
studies indicated that excess microRNA-30a-3p sup-
pressed the VSMC phenotypic switch process, and the
content of related phenotypic proteins was partially
restored (Figure 3B-3D).

MicroRNA-30a-3p directly targets ROCK?2

Through three miRNA target prediction software
programs (RNA22, TargetScan, miRDB), we screened
859 possible microRNA-30a-3p target genes, and these
three programs predicted these target genes at the same
time. By using DAVID (an annotation, visualization
and comprehensive discovery database) to annotate GO
functions and enrich the KEGG pathways of these 859
genes, we found that 52 genes regulate cell migration
and proliferation and 16 genes regulate the actin
cytoskeleton, which may be involved in the phenotypic
switch of VSMCs. There were 5 genes belonging to
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both groups of genes: APC, KRAS, ROCK2, FGF5, and
ITGA5. Among these genes, ROCK2 has been widely
studied in arteriosclerosis and vascular smooth muscle
cells [10-12], indicating that in ASO, ROCK2 may be
involved in the microRNA-30a-3p functional process
and may be a microRNA-30a-3p direct target gene.

Through western blot assays, we found that the arterial
tissue of the ASO group had higher ROCK2 protein
content than normal tissue (Figure 4A, 4B), whereas
in contrast, microRNA-30a-3p levels were decreased
(Figure 1A). In addition, we measured ROCK2 mRNA
level in ASO arterial tissue, which was also higher
than that in the normal control (Figure 4C). The
experimental results indicate an inverse correlation
between microRNA-30a-3p and ROCK2.

For further research, we transfected VSMCs with
microRNA-30a-3p or inhibitor to observe their effects
on target genes. We detected changes in ROCK2
protein and RNA levels to verify whether ROCK2
is a microRNA-30a-3p target gene. The result was
consistent with our expectations; microRNA-30a-3p
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reduced ROCK2 protein levels (Figure 4D, 4E) and
MRNA levels (Figure 4F) in VSMCs, whereas the
microRNA-30a-3p inhibitor increased their levels.

Through different databases, we found five poten-
tial microRNA-30a-3p targets in the ROCK2 3’-UTR,
which are conserved in human, rat and mouse Species.
Thus, ROCK?2 is a possible microRNA-30a-3p target
gene. Then, a luciferase reporter assay indicated that
microRNA-30a-3p could target the ROCK2 3°-UTR.
First, we cloned the ROCK2 mRNA 3’-UTR sequence
including these five possible microRNA-30a-3p target
sites into an empty vector of the dual luciferase reporter
(Figure 4G). As shown in Figure 4H, in the wild-type
ROCK?2 group, microRNA-30a-3p inhibited the relative
luciferase activity, while in the mut-type ROCK2 group,
the microRNA-30a-3p inhibitory effect on luciferase
activity was weakened (Figure 4l). The experiment
indicated that ROCK2 is indeed a microRNA-30a-3p
target gene.

ROCK?2 attenuated the function of MicroRNA-30a-3p

Experiments have shown that microRNA-30a-3p directly
targets ROCK2. Moreover, ROCK2 protein content was
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microRNA-30a-3p interferes with neointimal formation.
First, we upregulated microRNA-30a-3p expression in
carotid artery tissue of an animal model by using a
lentivirus vector. In the model, the microRNA-30a-3p
level in vascular tissue was originally decreased, which is
consistent with the change in human ASO arterial tissue
after endovascular treatment. Then, we infected vascular
tissue with a lentivirus vector (LV-miR-30a-3p) to up-
regulate microRNA-30a-3p expression, and the results
were verified by qRT-PCR detection (Figure 6A). The
following tests indicated that LV-miR-30a-3p suppressed
neointima formation in the model (Figure 6B, 6C).
Moreover, Ki67 protein, a marker of cell proliferation,
was detected by western blotting (Figure 6D) and
immunofluorescence (Figure 6E, 6F). These Ki67
changes showed that LV-miR-30a-3p suppressed the
VSMC proliferation rate in the model. The above
experiments proved that exogenous introduction of
microRNA-30a-3p into vascular tissue can significantly
reduce the formation of neointima.

DISCUSSION

Cardiovascular disease has become an important public
health problem worldwide. Among arteriosclerotic

vascular diseases, the incidence rate of lower limb ASO
is higher, second only to coronary heart disease and
stroke [13]. Drug and exercise therapy has been unable
to effectively address this condition, and endovascular
intervention has become an important therapeutic
method. In recent decades, with the rapid development
of endovascular therapy, matching tools have also been
greatly developed, including drug elution technology,
special balloons and bionic stents [14]. Of course, open
bypass surgery is still an important choice for advanced
diseases. However, the issue of restenosis remains
and can lead to severe consequences such as limb
amputation. We look forward to newer approaches that
complement or even replace current therapies.

In the past few decades, an increasing number of
studies have shown that noncoding RNAs (miRNAs,
IncRNAs, circRNAs, piRNAs, rRNAs, tRNAs and other
small RNAs) play various roles in cardiovascular
disease occurrence and progression [15]. With the rapid
development of the field of noncoding RNA research,
researchers have developed increasingly advanced
methods to regulate these noncoding RNAS to establish
a battlefield against cardiovascular disease in new
strategies. MicroRNAs, as noncoding RNAs, play
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Figure 6. MicroRNA-30a-3p inhibited neointima formation. (A) LV-miR-30a-3p increased microRNA-30a-3p levels in the balloon injury
model (QRT-PCR, n=6). (B, C) Neointima formation was inhibited by LV-miR-30a-3p (n=12). LV-miR-30a-3p suppressed VSMC proliferation as
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important roles in the treatment of cardiovascular
diseases and are the most commonly studied noncoding
RNAs [15].

The development of arteriosclerosis is closely related
to the abnormal expression of microRNAs. Many
experiments have shown that microRNAs are important
factors in VSMC function [16]. Excessive VSMC
proliferation and migration exist in at all stages of
arteriosclerosis development [17]. Through early chip
screening, we found that miRNA-30a-3p had a strong
influence on VSMC function by the screening of dozens
of miRNAs with differential expression; thus, we
focused on miRNA-30a-3p. Based on this experiment,
we discovered that microRNA-30a-3p was distributed in
VSMC of vascular tissue and confirmed that its
expression in restenotic ASO arteries was decreased.
Which indicates microRNA-30a-3p involvement in the
pathogenesis of lower extremity ASO after endovascular
treatment, which aroused our interest. In studies related
to arteriosclerosis, we examined microRNA-30a-3p in
VSMC:s for the first time.

Some published studies have shown that microRNA-
30a-3p is a suppressor gene in various tumor diseases,
including liver cancer, esophageal cancer, gastric cancer,
and other cancers [18]. MicroRNA-30a-3p has also
been confirmed by some studies to be related to the
pathological development of some diseases: asthma,
osteoarthritis and rheumatoid arthritis [19]. However, we
first discovered that microRNA-30a-3p was abnormally
expressed in restenotic ASO vessels and suppressed
VSMC proliferation and migration (Figures 1, 2).
VSMC proliferation and migration are affected by
their cell phenotype. VSMCs show different pheno-
types: contractile and synthetic. Synthetic VSMCs show
enhanced proliferation and migration, exist in neointima
formation and participate in arteriosclerosis development
[20]. However, microRNA-30a-3p can partially prevent
the switch of contractile VSMCs into synthetic VSMCs
(Figure 3). These studies suggest that microRNA-30a-
3p can inhibit intimal hyperplasia by inhibiting VSMC
proliferation, migration and phenotype switching. Of
course, other mechanisms by which microRNA-30a-3p
achieves its functions remain to be explored.

Through the prediction of target gene software and the
classification and analysis of these target genes, we
found that ROCK2 is probably a microRNA-30a-3p
target. ROCK?2 is a Rho kinase (ROCK1 and ROCK?2)
belonging to the Rho/ROCK signaling pathway. ROCK
induces the reorganization of the actin cytoskeleton
and is closely related to basic cell functions: adhesion,
proliferation, migration, contraction and gene expres-
sion [10, 21]. The increased activity of ROCK mediates
excessive contraction of VSMCs, inflammatory cell

recruitment, endothelial dysfunction, and vascular
remodeling [10]. ROCK has been proven to participate
in VSMC proliferation, migration and phenotypic
switching [12]. ROCK can stimulate VSMC pro-
liferation by inducting ERK, cyclin D1 and PCNA
[22]. The ROCK-JNK signaling pathway is associated
with VSMC migration [23] and regulates VSMC
phenotype switching and vascular remodeling [24]. In
this experiment, we reconfirmed that ROCK2 can
stimulate VSMC proliferation and migration (Figure 5).
To confirm that microRNA-30a-3p functions through
ROCK2, we performed a luciferase reporter assay
(Figure 4). Then, ROCK2 was overexpressed by
ROCK2-LV, and weakened the microRNA-30a-3p
inhibitory effect on VSMC function (Figure 5). These
studies showed that ROCK2 is a microRNA-30a-
3p functional target in VSMCs.

VSMC overproliferation and migration are important
for neointimal formation, and microRNAs participate in
this process. In recent years, many microRNAs have
been experimentally demonstrated to participate in
VSMC function and the development of arteriosclerosis,
including miR-302a, miR-4487, and miR-31-5p [25].
Because microRNA-30a-3p could obviously suppress
VSMC function in vitro, we inferred that microRNA-
30a-3p may influence the formation of neointima
in vivo. The study indicated that microRNA-30a-
3p was downregulated in the vessels injured by the
balloon; however, exogenous LV-miR-30a-3p obviously
upregulated microRNA-30a-3p expression in injured
vessels and effectively inhibited neointima formation
and VSMC proliferation (Figure 6).

In conclusion, microRNA-30a-3p suppressed VSMC
proliferation, migration and phenotypic switching by
targeting ROCK2. Moreover, exogenous microRNA-
30a-3p inhibited neointima formation in vivo. Thus,
strategies to increase microRNA-30a-3p content in
tissues are likely to be an effective treatment for
postoperative restenosis and ASO. Of course, more
complete research is needed to confirm this hypothesis.
Next, we will construct microRNA-30a-3p knockout
or transgenic rats to further probe its function. Our
work will be helpful for the treatment of cardiovascular
diseases with noncoding RNAs. The introduction of
microRNA into vascular tissue using lentivirus is used
in animal experiments, but if it is to be used clinically,
we need a safer and more efficient method that is more
suitable for humans, which requires more research.
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Supplementary Figure 1. The pSI-Check2 vector map.
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Supplementary Figure 2. Identification of primary cultured human artery smooth muscle cells. The green fluorescence indicates
cells expressing SM-a-actin. DAPI-stained nuclei are shown in blue.
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Supplementary Tables

Supplementary Table 1. Patient information.

. . Smokin Alcohol Hypertension T2DM/Blood
No. Sex Age Diagnosis (years)g (years) ylzyears) glucose (mM)
1 M 62 ASO — 25Y 10Y —/8.1
2 M 53 ASO 30Y — 25Y —/8.0
3 M 50 ASO — 20Y 16Y 10Y/N
4 M 67 ASO — — 29Y —/N
5 M 73 ASO 30Y 30Y 25Y 20Y/9.2
6 M 77 ASO 45Y 55Y 17Y 10Y/10.1
7 F 73 ASO 40Y 14Y — —/N
8 M 77 ASO — — — —/7.1
9 M 45 Normal — — — —
10 M 42 Normal — — — —
11 M 59 Normal — — — —
12 M 30 Normal — — — —
13 F 43 Normal — — — —
14 M 47 Normal — — — —
15 F 29 Normal — — — —
16 M 32 Normal — — — —
ASO, arteriosclerosis obliterans; T2DM, type 2 diabetes; N, normal blood glucose levels.
Supplementary Table 2. Sequence of the probe for the in situ
hybridization.
Probe for ISH 5'Dig- GCTGCAAACATCCGACTGAAAG-3’
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Supplementary Table 3. Sequence information of the target genes for luciferase reports.

LT-h-ROCK2-wt:
TCTATGAAAGCAGTCATTATTCAAGGTGATCGTATTCTTCCAGTGAAAACAAGACTGAAA
TATGATGGCCCAAAATTTATTAAAAAGCTATATTTTCCTGAGAGACTGATACATACACTCC
CATAATAGATACTATTGTGGAAACTGAAGAGTAGCTACTGGCCTACTGATAGACTGAAAC
TGGTTTTGTTATTCTTAACGTTCTCCAGTCTGCACTCTGCTGTGCTGTCTGTGCTCAGATA
TTTTTAATAAACTTTATTAAGGTGAAATAATTTCAAGTTTACATATGAGTAACTGAAATAT
TTGAGTAAAAAAGGCAAAAGTTTAAATTTGGAATGCTGTATATATTAGAGAATATGGTCT
TCTAGGATTCTGGTGGTAAAGTAGAGAAACTCGGACACTATATTAACCTTACTGAAACAT
GCTTTAAATCGTGTCTAAAATCTGATTTGAGCAAGTCACTGCCGAGCTTCTGAGTCTAAG
TAATGAACTGCATGGTTTAGAAAATTATAAATATTTGATCAGCTGTCCTCTCTGAAAAAA
ATTGCACCCCTTTTTCTTTTTTAAAATTTTGTTGCATCTTCGTAGTAATGTAATTGT
LT-h-ROCK2-mut:
TCTATGAAAGCAGTCATTATTCAAGGTGATCGTATTCTTCCAGTGAAAACAAGTCAGTAT
TATGATGGCCCAAAATTTATTAAAAAGCTATATTTTCCTGAGAGACTGATACATACACTCC
CATAATAGATACTATTGTGGAAACTGAAGAGTAGCTACTGGCCTACTGATAGTCAGTATC
TGGTTTTGTTATTCTTAACGTTCTCCAGTCTGCACTCTGCTGTGCTGTCTGTGCTCAGATA
TTTTTAATAAACTTTATTAAGGTGAAATAATTTCAAGTTTACATATGAGTATCAGTATTATT
TGAGTAAAAAAGGCAAAAGTTTAAATTTGGAATGCTGTATATATTAGAGAATATGGTCTT
CTAGGATTCTGGTGGTAAAGTAGAGAAACTCGGACACTATATTAACCTTTCAGTATCATG
CTTTAAATCGTGTCTAAAATCTGATTTGAGCAAGTCACTGCCGAGCTTCTGAGTCTAAGT
AATGAACTGCATGGTTTAGAAAATTATAAATATTTGATCAGCTGTCCTCTGTCATAAAAAT
TGCACCCCTTTTTCTTTTTTAAAATTTTGTTGCATCTTCGTAGTAATGTAATTGT
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