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Abstract
How miRNAs play a role in collateral formation of chronic total occlusion (CTO) patients and in predicting
myocardial perfusion has not been investigated. In this study, we screened circulating miRNAs in CTO
and stable coronary artery disease patients using high-throughput sequencing and found 42 differential
expressed miRNAs, including miR-329, miR-494 and miR-495, which belong to 14q32 miRNAs gene
cluster. The down regulation of miR-329, miR-494 and miR-495 was con�rmed in an independently larger
cohort. Then in vitro and in vivo study, we demonstrated that miR-495 inhibited angiogenesis and
collateral formation through Notch1 pathway. Finally we came back to a clinical view and found that
miR-329, miR-494 and miR-495 were able to predict whether myocardial perfusion can be improved in
CTO patients after revascularization. These data indicate that miRNAs are involved into the collateral
formation of CTO patients and could be potentially biomarkers to help individualise therapeutic
decisions. 

Introduction
Cardiovascular disease remains the leading cause of death worldwide. Among patients with known
coronary artery disease (CAD), the prevalence of chronic total occlusions (CTO) is between 30 to 50% [1,
2]. A CTO is de�ned as a native coronary artery with complete vessel occlusion, and an estimated
occlusion duration of not less than 3 months. Despite the high prevalence, only part of them was treated
by revascularization [3]. Guidelines recommended that revascularization can be considered if an
ischemia reduction in the CTO territory and/or the relief of angina symptoms can be expected [4]. Thus,
other methods to improve myocardial perfusion and predictors to screen potential candidates for
revascularization are of interest of researchers.

A speci�c characteristic of CTO is collateral circulation, which can be seen in almost all of these patients
[5]. Although well-developed collaterals can not provide su�cient blood supply [6], they have been shown
to be related with better ventricular function [7, 8]. According to the collateral size and �lling, collateral
vessels can be classi�ed by collateral connection (CC) grade [9] and Rentrop’s grade [10]. Arteriogenesis
and angiogenesis are two major processes of collateral growth [11]. The underlying mechanisms were
complex, including shear stress and molecular and cellular response to hypoxia. MicroRNAs (miRs) are
small non-coding RNA molecules and play an important role in angiogenesis. The roles of miRs have
been thoroughly investigated in stable CAD [12] and myocardial infarction [13]. However, expression
pro�le of miRs in CTO patients has not been studied.

In this study, we screened circulating miRs in CTO and stable CAD patients using high-throughput
sequencing and found 42 differential expressed miRs, including miR-329, miR-494 and miR-495. These
three signi�cantly down-regulated miRs belong to the 14q32 miR gene cluster, which was �rst discovered
in 2004 [14]. Then it was demonstrated that inhibition of individual 14q32 miRs leads to improvements in
post-ischemic blood �ow recovery in mice [15]. Previous studies found miR-329 and miR-494 suppresses
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angiogenesis by targeting CD146 [16] and BMPER [17], respectively. However, the underlying mechanism
of miR-495 inhibiting angiogenesis remains unclear.

We used www.targetscan.org to predict targets of miR-495 and found Notch1 was one of the potential
targets. We then tested the hypothesis that miR-495 inhibited angiogenesis by targeting Notch1 pathway.
In human umbilical vein endothelial cells (HUVEC) study, we found miR-495 inhibited cell migration and
tuber formation through activating NOTCH1. In limb ischemia mice study, we showed NOTCH1 was
target of miR-495, which inhibited collateral formation. In human study, miR-329, miR-494 and miR-495
were able to predict those patients who have myocardial perfusion improvement detected by Single-
photon emission computed tomography (SPECT) after revascularization.

Materials And Methods
Patient selection

A total of 5 CAD and 4 CTO patients were selected for miRNA sequencing. The criteria were as follows:  
male, aged from 45 to 65 years old, no left ventricular dysfunction, no myocardial infarction history, no
tumor history, normal liver and renal function. The CAD patients were all presented with left anterior
descending (LAD) stenosis of 70-90%. The CTO patients were all LAD-CTO and presented with collateral
circulation from left circum�ex (LCX) or right coronary artery (RCA). Another cohort of 68 patients was
selected to verify expression of miRs. They include 22 CAD and 46 CTO patients > 18 years of age. The
CAD patients had a 50-90% stenosis of at least one main vessel (LAD, LCX or RCA). The CTO was de�ned
as completely occluded coronary arteries with Thrombolysis In Myocardial Infarction 0 �ow with an
estimated duration of at least 3 months[18]. The exclusive criteria were: symptomatic peripheral arterial
disease, recent ST-segment elevation myocardial infarction, decompensated heart failure, any
concomitant in�ammation or infectious diseases, neoplastic diseases, and severe liver and kidney
dysfunction. The cardiac history and risk factors of all patients were documented. A venous blood
sample was collected for all patients upon admission (within 24 hours) and before percutaneous
coronary intervention (PCI) procedure. The blood sample was centrifuged at 1,500 g for 10 min to
precipitate blood cells and plasma was then frozen at -80℃ until use.

This study was approved by the medical ethics committee of Zhongshan Hospital. Informed consent was
obtained from all patients. All procedures performed in studies involving human participants were in
accordance with the ethical standards of the institutional and/or national research committee and with
the Helsinki declaration and its later amendments.

Collateral grading

Angiograms were reviewed by an experienced angiographer who was blinded to the miRNA analysis.
Collateral vessels were classi�ed by collateral connection (CC) grade: CC0: no continuous connection
between donor and recipient artery; CC1: continuous, threadlike connection (diameter ≤ 0.3 mm); CC2:
continuous, small, side-branch-like size of the collateral throughout its course (diameter ≥ 0.4 mm).

http://www.targetscan.org/
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MiRNA Sequencing

Small RNAs were isolated from the total RNA of patients’ plasma. The high-tthroughput sequencing was
performed by WuXi NextCODE company (Shanghai, China) [19, 20].

Cell Culture and Transfection

Human umbilical vein endothelial cells (HUVEC) were purchased from ATCC and cultured as described
previously [21]. Brie�y, Cells were cultured with a special medium ECM (ScienCell, San Diego, CA, USA).
For intervention experiments, VEGF was purchased from Peprotech (USA) and added into medium at a
concentration of 10 or 20ng/ml for 24 hours. MiR-495 mimics (50nM, 5’-AAACAAACAUGGUGCACUUCUU-
3’), inhibitors (100nM, 5’-AAGAAGUGCACCAUGUUUGUUU-3’) and NC (50nM, 5’-
CAGUACUUUUGUGUAGUACAA-3’) were transfected into HUVECs with Lipo3000 according to the
manufacturer's instructions. Notch1 expression was knocked down using Notch siRNA (siNotch1 #1, 5’-
CCAACUGCCAGACCAACAUTT-3’; siNotch1 #2, 5’- GGAUCCACUGUGAGAACAATT-3’). All of these oligos
were purchased from GenePharma, China.

Measurement of HUVEC Migration and tube formation 

HUVEC transwell migration assay was carried out using chambers with �lters (pore size of 8-um), coated
with Matrigel (BD Biosciences). The cells (1*10^5 cells per well) were seeded into the upper chamber and
invasive cells was harvested after incubation for 48 h. Wound healing assay was also performed to
evaluate the migration ability. Cells were cultured in 6-well plates to reach 90% con�uence. The cell
monolayers were scraped with a 100-ul pipette tip, washed twice with PBS, and cultured for 24 h before
photographed. For tube formation study, HUVECs (2*10^4 cells/well) were seeded onto Matrigel. Cells
were microscopically recorded for the formation of tube-like structures 8 h later. For NC or mimics group,
10ng/ml VEGF was added.

Reverse Transcription-PCR 

Total RNA was extracted using TRIzol reagent (Invitrogen; Thermo Fisher Scienti�c, Inc.) from cells,
plasma or tissues according to manufacturer's protocol. The miRNA from each sample was quanti�ed by
SYBR Premix Ex Taq qRT-PCR assays (TaKaRa, Japan). Real-time PCR was performed on an ABI 7500
real-time PCR system. The relative expression levels of the miRNAs were normalized to that of U6 by
using the 2‐ΔΔCq cycle threshold method [22]. 

Western Blot Analysis

Cultured cells or tissues were harvested and lysed in RIPA buffer supplemented with complete protease
inhibitor cocktail tablets. Cell debris was removed by centrifugation at 12,000 rpm for 30 min. Then the
lysates were separated by SDS-PAGE gels, transferred to PVDF membranes (Bio-Rad), and incubated with
the relevant antibodies as indicated. Antibody against NOTCH1 was purchased from Abcam.
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Murine Hindlimb Ischemia Model  

This study was approved by the Institutional Review Board of the Zhongshan Hospital, Fudan University
and Shanghai Institutes for Biological Sciences and were conducted in conformity with the Public Health
Service Policy on Humane Care and Use of Laboratory Animals. Male C57BL/6 mice (8-10 week-old) were
used for hindlimb ischemia model. Brie�y, the mice were anesthetized with pentobarbitol sodium (0.5%,
50 mg/kg) by intra-peritoneal injection, and the surgical procedures were performed under sterile
conditions. A vertical longitudinal incision was made in the left hindlimb, and the femoral artery and its
branches were then dissected and ligated.

Transfection in vivo

MiR-495 NC, ago and antago oligonucleotide were purchased from Ribobio, China. Male C57BL/6 mice
received miR-495 NC (5nM), agomiR-495 (5nM) and antagomiR-495 (10nM) by multi-point injections in
the left adductors or gastrocnemius immediately after the operation.

Hindlimb blood �ow measurement

Hindlimb blood �ow was measured by the imaging device with laser Doppler perfusion imaging on days
1, 3, 7 and 18 after operation. Mice were anesthetized and placed on a 37 °C heating plate for 5 minutes.
Blood �ow was measured from scanning images, and the perfusion ratio of ischemic limbs were
quanti�ed by averaging relative units of �ux from the knee to the toe compared with non-ischemic limbs
(PIMsoft Software by Perimed Med, Sweden) [23].

Immuno�uorescence Assay

Immuno�uorescence assay was conducted as previously described [21]. Brie�y, the adductor muscles
were harvested at the 3rd day after femoral ligation. The mid-zone of the muscles was trimmed. Samples
were embedded in OCT compound and frozen at-80°C. Serial cryostat sections were prepared using a
Lab-Tek tissue processor (Leica, Solms, Germany). The sections were stained with CD31 (Abcam,
ab222783) and DAPI. Images were acquired on an upright Leica SP8 confocal microscope.

SPECT of CTO patients

SPECT imaging was performed using a single-day rest/stress imaging protocol as previously described
[24]. Brie�y, for rest imaging, prescanning was performed after the administration of an initial dose of
approximately 1 mCi MIBI. Full scanning was started immediately after the injection of the remaining
dose of approximately 15 mCi MIBI, and dynamic images were acquired in list mode for over 6 minutes.
Following the rest dynamic scanning, rest perfusion scanning was performed. For stress imaging,
pharmacological stress was induced with an intravenous infusion of adenosine triphosphate (ATP)
disodium at a rate of 140 ug·kg-1·min-1 for 5 minutes, and 25 mCi MIBI was injected 3 minutes later from
the start of ATP injection, followed by dynamic image acquisition for over 6 minutes. After that, stress
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perfusion scanning was acquired. Image acquisition was achieved with a D-SPECT cardiac scanner
(Spectrum Dynamics, Caesarea, Israel).

Statistical Analyses

The data are presented as means ± SD. In comparisons of 2 groups, the 2-tailed Student’s t test was used
for parametric data, and the Mann-whitney U test for non-parametric data. For all statistical analyses,
signi�cance was accepted at the 95% con�dence level (P < 0.05). Calculation was performed with the
GraphPad Prism 6 software package.

Results
Circulating miR-329, miR-494 and miR-495 were down-regulated in chronic total occlusions patients

MiRNA sequencing was performed in 5 CAD and 4 CTO patients. As shown in Fig. 1A, a total of 42
differential expressed miRs were identi�ed (fold change > 2.5). We noticed that miR-329, miR-494 and
miR-495 belong to the 14q32 miR gene cluster and they were all signi�cantly down-regulated in CTO
patients. We then determined the expression of these 3 miRs in another cohort of 68 male patients,
including 22 CAD patients and 46 CTO patients. The results showed miR-329, miR-494 and miR-495 were
indeed down-regulated in CTO patients (Fig. 1B). The CTO patients were divided into 2 groups according
to poor CC (N = 17, CC = 0 or 1) and good CC (N = 27, CC = 2) group. MiR-329, miR-494 and miR-495 were
found to be down regulated in good CC group (Fig. 1C). These results showed that miR-329, miR-494 and
miR-495 were down-regulated in CTO patients and might be involved in collateral formation. Since the
mechanisms of miR-329 and miR-494 in angiogenesis were demonstrated by previous studies [16, 17],
we investigated the role of miR-495 in next experiments.

MiR-495 inhibits angiogenesis through NOTCH1 pathway in endothelial cells
First, we investigated miR-495 expression in human umbilical vein endothelial cells (HUVEC). After being
treated with VEGF (10 or 20 ng/mL), miR-495 expression was signi�cantly inhibited (Fig. 2A). Then we
investigated the role of miR-495 in angiogenesis of HUVEC. As shown in Fig. 2B and 2C, transwell
migration study found miR-495 mimics inhibited cell migration and miR-495 inhibitor increased cell
migration. MiR-495 mimics inhibited tube formation and miR-495 inhibitor increased tube formation (Fig.
2D and 2E). Cell wound scratch assay showed similar results (Fig. 2F and 2G).

We used www.targetscan.org to predict targets of miR-495 and found Notch1 was one of the potential
targets. We treated HUVEC with VEGF and found Notch1 expression was elevated (Fig. 3A). Then we
con�rmed that miR-495 mimics inhibited Notch1 expression and miR-495 inhibitor increased Notch1
expression (Fig. 3B). To assess the role of Notch1 in the association between miR-495 and angiogenesis,
we constructed two Notch1 siRNAs to interfere Notch1 expression. As shown in Fig. 3C, both siNotch1 #1
and siNotch1 #2 successfully alleviated the increased expression of Notch1 induced by miR-495 inhibitor.
HUVEC were then treated with miR-495 inhibitor and Notch1 siRNAs. Tube formation and wound scratch
assay showed that miR-495 inhibitor induced angiogenesis of HUVEC was alleviated by Notch1 siRNAs

http://www.targetscan.org/
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(Fig. 4A-B). These results demonstrated miR-495 inhibits angiogenesis through NOTCH1 pathway in
endothelial cells.

Inhibition of MiR-495 increases angiogenesis in mice after hindlimb ischemia

To explore the role of miR-495 in angiogenesis in mice, we performed hindlimb ischemia study. After left
femoral artery ligation, the blood �ow in ischemia hindlimbs measured by laser Doppler perfusion began
to recover obviously on day 3 (Fig. 5A). Meanwhile, plasma miR-495 expressions after hindlimb ischemia
were determined at different time points. We found miR-495 was signi�cantly down expressed one day
after hindlimb ischemia (Fig. 5B). From day 3 to day 14, its expression gradually recovered to nearly
normal level (Fig. 5C-F). Notch1 has been showed, as target of miR-495, to be involved in angiogenesis in
previous HUVEC experiments. After ligation, miR-495 antago and miR-495 ago were injected into ischemic
muscle. Then we detected expression of Notch1 and found that antagomiR-495 increased Notch1
expression and agomiR-495 decreased Notch1 expression (Fig. 5G-H). These data demonstrated miR-495
was down-regulated after hindlimbs ischemia and Notch1 was the target of miR-495.

To investigate whether miR-495 play a role in ischemia-mediated angiogenesis in the hindlimb, the
adductor muscles of control, miR NC, agomiR-495 and antago miR-495 treated mice were stained for
CD31 to visualize capillary formation. The results showed the angiogenesis after ischemia was enhanced
by antagomiR-495 and inhibited by agomiR-495 (Fig. 6A). Blood �ow study con�rmed this phenomenon
(Fig. 6B).

Expressions of miR-329, miR-494 and miR-495 were associated with myocardial perfusion improvement
after revascularization

SPECT has been widely used to assess myocardial perfusion in CAD, including CTO patients. Previous
study demonstrated a lacking relationship between the collateral state and myocardial perfusion in CTO
patients, indicating that impaired myocardial perfusion presented in those patients with angiographically
well-developed collateral arteries [25]. In this preliminary study, 27 patients underwent SPECT and we
investigated the association between miRs expression and myocardial perfusion. We divided these
patients into 2 groups according expressions of miR-329, miR-494 and miR-495. The results showed that
ischemic areas were not different between groups (Fig. 7A). We then divided them into 2 groups
according to whether stress-induced reversible perfusion de�cits present. Expressions of miR-329, miR-
494 and miR-495 were not different between 2 groups (Fig. 7B). Of these 27 patients, 20 underwent a
second SPECT after successful revascularization of occluded artery. A total of 10 patients had
improvement of myocardial perfusion after revascularization and another 10 did not have improvement
(Fig. 7C). The patients were divided into 2 groups according to whether myocardial perfusion was
improved. We found that expressions of miR-329, miR-494 and miR-495 were signi�cantly lower in
patients with improved myocardial perfusion than those without (Fig. 7D). Receiver operating
characteristic (ROC) curve and area under the curve (AUC) were used to evaluate predictive value of miR-
329, miR-494 and miR-495 expressions for myocardial perfusion improvement. The AUC of miR-329, miR-
494 and miR-495 was 0.80, 0.68 and 0.69, respectively (Fig. 7E-G). These data indicated that expressions
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of miR-329, miR-494 and miR-495 were associated with myocardial perfusion improvement after
revascularization. MiR-329, miR-494 and miR-495 are potentially biomarkers to guide revascularization
strategy for CTO patients.

Discussion
This is the �rst study to investigate different expression pro�les of miRNAs in CTO and CAD patients. We
found a set of differential expressed miRNAs, including the 14q32 miR gene cluster, which were miR-329,
miR-494 and miR-495. These 3 miRs were showed to be related to collateral formation in CTO patients.
We then demonstrated that miR-495 regulates angiogenesis through NOTCH1 pathway in vitro and in
vivo studies. A small group of CTO patients underwent single- photon emission computed tomography
(SPECT) before and after PCI therapy. MiR-329, miR-494 and miR-495 were able to predict whether
myocardial perfusion can be improved after PCI.

The speci�c characteristic of CTO is collateral circulation, which attracted lot of attention in CTO
research. Clinical practioners focused on whether the collateral circulation is su�cient to provide blood
supply and can predict clinical prognosis. Basic researchers were interested in how it takes shape and
what the impact factors are.

In a preliminary study, we explored the relationship between thrombospondin-1, endostatin, angiopoietin-
2, and coronary collateral development in patients with CTO [26]. We found circulatory endostatin may be
a useful biomarker for coronary collateral development and potential target for therapeutic angiogenesis.
Other studies also found some collateral associated factors, such as gamma glutamyl transferase [27],
neutrophil/lymphocyte ratio [28, 29], C-reactive protein [30], mimecan [31], angiogenin and osteopontin
[32]. However, none of above studies further investigated these factors’ mechanisms of in�uencing
collateral circulation nor their clinical signi�cance.

A previous study identi�ed some differentially expressed miRs in CTO patients with well or poorly
developed collateral circulation [33]. There was a big difference between their results and this currents
study. It might due to different participants: the previous study focused on CTO patients with well or
poorly developed collateral circulation; our current study enrolled CTO and CAD patients. In the past
decade, the role of miRs in the regulation of both angiogenesis and arteriogenesis has been
demonstarted. As discussed in a recent review, miRs can be both anti-angiogenic and proangiogenic [34].
The 14q32 miR gene cluster, including miR-329, miR-487b, miR-494 and miR-495, were of interest to
researchers. Gene-Speci�c Oligonucleotides (GSO) were used to systemically inhibit these miRs in hind
limb ischemia models and improved recovery of perfusion was observed [15]. In this current study, we
observed a down-regulated expression of miR-495 in CTO patients and then showed that it inhibited
angiogenesis through NOTCH1 pathway.

There is a potential for therapeutic modulation of miRs. A long-acting siRNA targeted towards Proprotein
Convertase Subtilisin–Kexin type 9 (PCSK9) has been showed to lower LDL levels [35] and reduce
cardiovascular risk [36]. Varying grades of collaterals can be found in CTO patients and well developed
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collaterals have been shown to be related with better ventricular function. Although miR-based
therapeutics were successful in improving perfusion in animal models, they have not been studied in CTO
disease. With an ever increasing interest in the management of CTO in humans, investigation of animal
CTO models also attracted researchers’ attention [37]. A reliable and reproducible animal model may be
helpful for therapeutic experiments. In this current study, we used hindlimb ischemia mice model to
investigate therapeutic effect of miR-495 and found some inspiring results. Future studies in CTO models
were warranted.

SPECT has been widely accepted as the reference standard for ischemia and viability testing in CTO
patients. A previous study divided CTO patients who successfully underwent PCI into 3 groups according
to SPECT fusion imaging: no severe cardiac perfusion defects, reversible cardiac perfusion defects and
�xed cardiac perfusion defects. The results showed SPECT were helpful for distinguishing patients who
bene�ts most from PCI therapy [38]. As far as we know, no biomarkers have been developed to predict
myocardial perfusion improvement after PCI in CTO patients. We for the �rst time investigated the
association between miRs expression and SPECT fusion imaging. We did not �nd an association
between miRs expressions and ischemic area in SPECT imaging. However, we showed that miR-329, miR-
494 and miR-495 expressions were lower in those perfusion improved patients after revascularization,
indicating that myocardial ischemia present in these patients and revascularization may bene�t. Further
clinical study with large sample was guaranteed to investigate clinical signi�cance of miR-329, miR-494
and miR-495 expressions in CTO patients.

In conclusion, for the �rst time to our knowledge, we identi�ed that circulating miR-329, miR-494 and miR-
495 were substantially down-regulated in CTO patients, and especially in those patients with good
collateral formation. In vitro and in vivo study, we con�rmed that miR-495 inhibited angiogenesis and
collateral formation through Notch1 pathway. Then we came back to a clinical view and found that miR-
329, miR-494 and miR-495 were able to predict whether myocardial perfusion can be improved in CTO
patients after revascularization. Above all, we showed the underlying molecular mechanism of miRs
involving into angiogenesis and their translational value in CTO patients.
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Figures

Figure 1

Pro�ling and identi�cation of differentially expressed miRNAs in plasma from patients with coronary
artery disease (control group) and chronic total occlusions (CTO group). A, Heatmap and hierarchical
clustering of the top 42 miRNAs with differential expression levels of >2.5-fold across all samples. B,
Expressions of miR-329, miR-494 and miR-495 in control group (N=22) and CTO group (N=46). C, Patients
in CTO group were divided into 2 subgroups according to CC grade. Expressions of miR-329, miR-494 and
miR-495 in poor CC group (N=17, CC=0 or 1) and good CC group (N=27, CC=2) . *P<0.05, **P<0.01, ***
P<0.001.
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Figure 2

Role of miR-495 in angiogenesis of human umbilical vein endothelial cells (HUVECs). A, mR-495
expression determined by RT-PCR in HUVECs treated with different concentrations of vascular endothelial
growth factor (VEGF) for 24h. B, HUVECs were transfected with miR-495 NC (50nM) or mimics (50nM) for
36h and then cells (1*10^5 cells per well) were seeded into the upper chamber added with VEGF
(10ng/ml). The invasive cells were harvested after incubation for 48h. C, HUVECs were transfected with
miR-495 NC or inhibitor (100nM) for 36h and then cells were seeded into the upper chamber added
without VEGF. The invasive cells were harvested after incubation for 48h. D, HUVECs were transfected
with miR-495 NC or mimics for 36h. Then cells were cultured with VEGF (10ng/ml) and microscopically
recorded for the formation of tube-like structures 8h later. E, HUVECs were transfected with miR-495 NC or
inhibitor for 36h. Then cells were cultured without VEGF and microscopically recorded for the formation
of tube-like structures 8h later. F. HUVECs were transfected with miR-495 NC or mimics for 36h. Then cells
were cultured with VEGF (10ng/ml) and wound healing assay was performed 10h after scratch. G,
HUVECs were transfected with miR-495 NC or inhibitor for 36h. Then cells were cultured without VEGF
and wound healing assay was performed 10h after scratch. *P<0.05, **P<0.01, *** P<0.001.
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Figure 3

miR-495 targets Notch1 in HUVECs. A, HUVECs were cultured with VEGF (10ng/ml) for 24h and protein
level of Notch1 was determined by WB. B, HUVECs were cultured miR-495 NC (50nM), mimics (50nM) or
inhibitors (100nM) for 48h and protein level of Notch1 was determined. C, HUVECs were cultured with
miR-495 inhibitor or not. Then siNotch1 #1 or #2 (50nM) was added into medium and protein level of
Notch1 was determined after 48h. *** P<0.001.
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Figure 4

Notch1 was involved in miR-495 inhibitor induced angiogenesis. A-B, HUVECs were cultured with miR-495
inhibitor (100nM) or not. And siNotch1 NC, #1 or #2 was added at a concentration of 50nM. Formation of
tube-like structures was recorded 8h later (A). Wound healing assay was performed 10h after scratch (B).
*P<0.05, *** P<0.001.
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Figure 5

Notch1 was the target of miR-495 in mice hindlimb ischemia model. A, Representative pictures of blood
�ow in mice hindlimbs. Left femoral artery of mice was ligated and limb perfusion was assessed at day
1, 3, 7, and 18 by laser Doppler perfusion imaging. B-F, After hindlimb ischemia of mice, expression of
miR-495 in plasma was detected at day 1 (B), 3 (C), 7 (D) and 14 (E). A gradual recovery of miR-495
expression was also showed (F). G-H, After ligation, miR-495 NC (5nM), antago (10nM) and ago (5nM)
were injected into ischemic muscle every other day. Then we detected expression of Notch1 protein at day
3. N=5 mice in each group. *P<0.05, **P<0.01, *** P<0.001.
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Figure 6

Angiogenesis and collateral formation in hindlimb ischemia model. A, Representative
immuno�uorescence assay pictures of mice adductor muscle. After ligation, miR-495 NC (5nM), antago
(10nM) and ago (5nM) were injected into ischemic muscle. The adductor muscles were harvested at the
3rd day after femoral ligation. CD31 and DAPI were stained. B, Representative pictures of blood �ow in
mice hindlimbs. Left femoral artery of mice was ligated and miR-495 NC, antago and ago were injected
into ischemic muscle. Limb perfusion was assessed at day 1, 3, 7, and 18 by laser Doppler perfusion
imaging. N=5 mice in each group. *P<0.05, **P<0.01, *** P<0.001.
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Figure 7

Association between 3 miRs and myocardial perfusion assessed by PSECT. A, A total of 27 patients
underwent SPECT and were divided into 2 groups according to expression of miR-329, miR-494 and miR-
495. The ischemia area was compared between groups. B, These 27 patients were divided into 2 groups
according to whether reversible perfusion de�cits present. Expression of miR-329, miR-494 and miR-495
was compared between groups. C, A total of 20 patients underwent a second SPECT after successful
revascularization of occluded artery. Representative images of patients with improved (left panel) or not
improved (right panel) perfusion after revascularization. D, These 20 patients were divided into 2 groups
according to whether myocardial perfusion was improved. Expression of miR-329, miR-494 and miR-495
was compared between groups. E-G, Receiver operating characteristic (ROC) analysis of miR-329, miR-
494, and miR-495 to predict whether patients can obtain improved myocardial perfusion after
revascularization. The area under the curve (AUC) was 0.80, 0.68 and 0.69, respectively. *P<0.05.


