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MicroRNA-670 aggravates cerebral ischemia/
reperfusion injury via the Yap pathway 

Shi-Jia Yu1, Ming-Jun Yu2, Zhong-Qi Bu1, Ping-Ping He1, Juan Feng1, *

Abstract  
Apoptosis is an important programmed cell death process involved in ischemia/reperfusion injury. MicroRNAs are considered to play an 
important role in the molecular mechanism underlying the regulation of cerebral ischemia and reperfusion injury. However, whether miR-670 
can regulate cell growth and death in cerebral ischemia/reperfusion and the underlying mechanism are poorly understood. In this study, we 
established mouse models of transient middle artery occlusion and Neuro 2a cell models of oxygen-glucose deprivation and reoxygenation 
to investigate the potential molecular mechanism by which miR-670 exhibits its effects during cerebral ischemia/reperfusion injury both 
in vitro and in vivo. Our results showed that after ischemia/reperfusion injury, miR-670 expression was obviously increased. After miR-670 
expression was inhibited with an miR-670 antagomir, cerebral ischemia/reperfusion injury-induced neuronal death was obviously reduced. 
When miR-670 overexpression was induced by an miR-670 agomir, neuronal apoptosis was increased. In addition, we also found that miR-
670 could promote Yap degradation via phosphorylation and worsen neuronal apoptosis and neurological deficits. Inhibition of miR-670 
reduced neurological impairments after cerebral ischemia/reperfusion injury. These results suggest that microRNA-670 aggravates cerebral 
ischemia/reperfusion injury through the Yap pathway, which may be a potential target for treatment of cerebral ischemia/reperfusion injury. 
The present study was approved by the Institutional Animal Care and Use Committee of China Medical University on February 27, 2017 (IRB 
No. 2017PS035K).
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Introduction 
Cerebrovascular disease is currently the most common 
central nervous system disease and increases the death and 
disability rates among Chinese older adults (Guan et al., 
2017). Because of the increasing proportion of the population 
aged older than 65 years, the incidence of cerebrovascular 
disease has increased each year. Beginning at 25 years of 
age, the risk of cerebrovascular disease throughout the 
lifespan is greater than 25% (GBD 2016 Lifetime Risk of Stroke 
Collaborators et al., 2018). The situation is even worse in 
East Asia (Micha et al., 2015). Every year approximately one-

third of cerebrovascular disease patients die, mainly because 
of ischemic stroke (Campbell, 2017). Patients may suffer 
from hemiplegia, aphasia, or disturbance of consciousness 
caused by impaired blood circulation and secondary hypoxia 
in the focal brain tissue. Timely thrombolytic treatments can 
recanalize the blocked cerebral vessel and relieve clinical 
symptoms. Nevertheless, the outcomes are not satisfying 
because of the additional subsequent cerebral damage 
induced by ischemia and reperfusion (I/R) injury.

MicroRNAs (miRNAs) are non-coding RNAs 20–22 nucleotides 
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in length. Evidence has shown that miRNAs participate 
in multiple biological processes, such as cell growth, 
development, differentiation, senescence, and apoptosis (Li et 
al., 2017; Saliminejad et al., 2019; Zhang et al., 2020). MiRNAs 
can destabilize targeted mRNAs and repress their translation. 
MiR-696 overexpression was shown to inhibit myoblast 
proliferation and myofiber formation during myogenesis 
(Wang et al., 2017). MiR-570 could promote epithelial cell 
senescence in airway inflammatory reactions (Baker et al., 
2019). In addition, accumulating studies have focused on 
the roles of miRNAs in cerebral vascular diseases. MiR-181c 
has been shown to play a neuroprotective role by inhibiting 
apoptosis in intracerebral hemorrhage via the phosphatase 
and tensin homolog/phosphatidylinositol-3-kinase/protein 
kinase B pathway (Lu et al., 2020). According to our previous 
study, miR-200a participates in autophagy regulation during I/
R injury in cerebral ischemic stroke, targeting its downstream 
transcriptional factor forkhead box O-3 (Yu et al., 2019). MiR-
670 is involved in regulating proliferation in hepatic neoplasms 
(Shi and Xu, 2016). Additionally, miR-670 modulates RNA 
methylation during mouse embryo development (Hao et al., 
2020). Therefore, we questioned whether miR-670 could 
regulate cell growth and death in cerebral I/R injury and thus 
analyzed the expression levels of miR-670 after I/R injury. 

The Hippo pathway acts as a pivotal signaling cascade to 
maintain the balance among cell proliferation, differentiation, 
and apoptosis (Yu and Guan, 2013). Yes-associated protein 
(Yap) is a core transcription co-activator of the Hippo axis that 
regulates biological activities (Moon et al., 2019). During liver 
regeneration, Yap expression is greatly upregulated (Bai et 
al., 2012), and inhibition of Yap exerts an anti-tumor effect in 
gastric cancer (Zhang et al., 2019). Specific knockout of Yap in 
mice suppressed myocardial regeneration (Xin et al., 2013). 
Furthermore, activation of the Hippo/Yap pathway facilitated 
liver repairment after hepatic I/R injury (Liu et al., 2019). On 
the basis of these findings, we aimed to examine the impact 
of the Yap pathway in cerebral I/R injury. A transient middle 
cerebral artery occlusion (tMCAO) mouse model and oxygen-
glucose deprivation and reoxygenation (OGD/R) cell model 
were established to mimic I/R injury both in vivo and in vitro. 
Then, the downstream Hippo signaling pathway was explored 
to reveal the potential molecular regulation mechanism of 
cerebral I/R injury. 
 
Materials and Methods
Experimental animals 
This study was performed in total compliance with the 
National Institutes of Health Guide for the Care and Use of 
Laboratory Animals. All animal experiments were approved 
by the Institutional Animal Care and Use Committee of 
China Medical University on February 27, 2017 (IRB No. 
2017PS035K). The experiments were designed to reduce the 
stress and pain experienced by animals. Male C57BL/6J mice 
aged 8–10 weeks and weighing 22–25 g were purchased 
from Beijing HFK Bioscience Cooperation, China (License No. 
SCXK (Jing) 2014-0004). All animals were kept in a specific-
pathogen-free environment with 70% humidity, a temperature 
of 22 ± 2°C, and a 12-hour light and dark cycle before surgery. 
To verify tMCAO modeling, mice were randomly divided 
into sham and tMCAO groups (n = 15/group). To explore the 
mechanism of miR-670 in cerebral I/R injury, another set of 
mice was randomly assigned to three groups: I/R, I/R + pre-
miR-670, and I/R + anti-miR-670 (n = 17/group). 

tMCAO
A mouse model of tMCAO was used to mimic cerebral I/R  

injury in vivo as described in our previous study (Yu et 
al., 2019). The rectal temperature of mice was kept at 
approximately 37°C during surgery. Anesthesia was induced 
and maintained with 3% and 1.5% isoflurane (Sigma, St. Louis, 
MO, USA), respectively, through a facemask in an acrylic 
chamber containing 70% nitrogen and 30% oxygen. Then, 
the left carotid artery was exposed. The 6-0 silicone nylon 
monofilaments with rubber coating used in the procedure 
were produced by Beijing Cinontech Co. Ltd. (Beijing, China). 
A monofilament was inserted through the external carotid 
artery to the middle cerebral artery. After 1 hour of occlusion, 
the monofilament was withdrawn to allow brain reperfusion. 
The sham group underwent the same surgery without 
monofilament occlusion. 

Evaluation of impaired brain tissue 
Brain tissue was obtained 24 hours after reperfusion. Then, 
2% 2,3,5-triphenyltetrazolium chloride (Sigma) was applied 
to stain brain tissue sections. The relative volume of impaired 
brain tissue (%) was calculated as follows: (volume of the 
contralateral hemisphere − volume of the nonischemic 
ipsi lateral  hemisphere)/volume of the contralateral 
hemisphere × 100.  

Intracerebroventricular injection
Lentivirus (5 μL, 1 × 108 TU/mL) was injected into the lateral 
ventricles through a Hamilton microsyringe (Hamilton Co., 
Reno, NV, USA) 2 weeks before the surgical procedure. The 
detailed procedure was the same as that used in our previous 
study (Yu et al., 2019) and included cutting the skin and 
removing the local bone flap. A brain stereotaxic device was 
used to fix the injection site as follows: anteroposterior –0.3 
mm, mediolateral 1.0 mm, and dorsoventral –2.2 mm.

Neurological deficit evaluation
Neurological deficits were assessed by the modified 
neurological severity scores using a 10-point scale. Two 
investigators who were blinded to the study groups recorded 
the modified neurological severity scores at 1, 3, 7, and 14 
days after I/R injury. The severity of injury is quantitatively 
reflected as an increased modified neurological severity score 
(mild injury, 1–4; moderate injury, 5–9; severe injury, 10–14).

Behavioral tests
All behavioral tests were conducted at 1, 3, 7, and 14 days 
after I/R injury by two investigators who were blinded to the 
experimental groups. A rotarod test was conducted to estimate 
mouse sensorimotor coordination. Mice were placed on a 
rotating rod with an accelerating speed from 4 to 100 r/min  
over 5 minutes (Yang et al., 2017). The latency until the mouse 
fell was recorded for each trial. All experiments were repeated 
three times. Tactile reactions and sensorimotor asymmetries 
were assessed by an adhesive removal test. Both forepaws 
were tested with 2 × 3 mm adhesive tape separately (Yang 
et al., 2017). The time to contact and remove the tape was 
recorded for analysis. 

Cell culture and OGD/R treatment
The Neuro 2a (N2a) mouse neuroblastoma cell line was 
purchased from the Cell Bank of the Chinese Academy 
of Sciences (Shanghai, China). Dulbecco’s modified Eagle 
medium/high glucose with 10% fetal bovine serum (Gibco, 
Carlsbad, CA, USA) was used as the culture medium. 
Experiments were performed using cells at passages 8–10. 
N2a cells in the OGD/R group were cultured in glucose-free 
Dulbecco’s modified Eagle medium without oxygen for 6 
hours. Then, the medium was replaced with normal medium 
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for a 24 hour-reoxygenation period as previously described (Yu 
et al., 2019). 

Cell transfection
N2a cells were pre-plated 24 hours before transfection. An 
agomir (pre-miR-670) and an antagomir (anti-miR-670) of 
miR-670 and their corresponding non-sense sequences (pre-
NC and anti-NC) were generated by GenePharma (Shanghai, 
China). After cells reached approximately 75% confluence, 
plasmids (0.78 μg/μL) were transfected using Lipofectamine 
reagents (Cat# L3000008; Invitrogen, Carlsbad, CA, USA). 

Reverse transcription polymerase chain reaction analysis
The TRIzol reagent was applied to extract total RNA from brain 
tissue and N2a cells (Life Technologies Corporation, Carlsbad, 
CA, USA). Quantitative reverse transcription polymerase chain 
reaction (PCR) assays were conducted to assess Yap mRNA 
expression using the One Step SYBR Prime Script RT-PCR kit 
(Cat# RR064A; Takara Bio, Inc., Shiga, Japan) according to the 
manufacturer’s instructions. The working concentration for 
primers was 10 μM. The mmu-miR-670 expression level was 
detected using a TaqMan MicroRNA Reverse Transcription 
kit, TaqMan microRNA assay, and TaqMan Universal Master 
Mix II (Cat# 4366596, Cat# 4427975, Cat# 4440045; Applied 
Biosystems, Foster City, CA, USA). The relative expression of 
genes was assessed by the 2–ΔΔCt method and normalized to 
the corresponding endogenous control. The primer sequences 
were as follows: mmu-Yap forward: 5′-CCA CCA GAT CTC 
ATT ATA GAT GG-3′; mmu-Yap reverse: 5′-TGA CCC TTT GAC 
CAT GAA TGA TCC-3′; Mmu-glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH) forward: 5′-CCT CGT CCC GTA GAC 
AAA ATG-3′; Mmu-GAPDH reverse: 5′-TGA GGT CAA TGA AGG 
GGT CGT-3′; U6 control sequence: 5′-GTG CTC GCT TCG GCA 
GCA CAT ATA CTA AAA TTG GAA CGA TAC AGA GAA GAT TAG 
CAT GGC CCC TGC GCA AGG ATG ACA CGC AAA TTC GTG AAG 
CGT TCC ATA TTT T-3′. 

Cell counting kit 8 analysis
The cell viability of different groups was evaluated by a cell 
counting kit 8 (Cat# CK04-01; Dojindo, Kumamoto, Japan). 
N2a cells were subjected to OGD/R injury as described in our 
previous study (Yu et al., 2019). After 6 hours of oxygen and 
glucose deprivation, cells were re-oxygenated for another 24 
hours. Cell counting kit 8 reagents were mixed with the cell 
culture medium following the manufacturer’s instructions. 
Then, cells were incubated at 37°C for another 2 hours. A 
microplate reader (BioTek, Winooski, VT, USA) was used to 
record the absorbance at 450 nm. 

Transferase-mediated nick end labeling assay
The In Situ Cell Death Detection kit used for the transferase-
mediated nick end labeling (TUNEL) assay in N2a cells was 
purchased from Roche (Cat# 12156792910; Mannheim, 
Germany). 4′,6-Diamidino-2-phenylindole was applied to 
display the nucleus. The TUNEL-positive cell percentage was 
measured in five random 30-μm fields.

Flow cytometry
Flow cytometry was conducted to evaluate the apoptosis 
rate of N2a cells. Annexin V/7-AAD (Cat# 559763; Becton 
Dickinson, San Jose, CA, USA) was used to stain cells based 
on the manufacturer’s protocol. After incubation at room 
temperature, single-cell suspensions were detected by flow 
cytometry (FACSCalibur; Becton Dickinson) to determine the 
percentage of apoptosis.

Western blot assay
Brain tissue and N2a cells were lysed in a radioimmunoprecipitation 

assay buffer with protease inhibitors on ice to extract 
total proteins. Electrophoresis was conducted to separate 
proteins on a sodium dodecyl sulfate-polyacrylamide gel. 
Then, proteins were transferred to polyvinylidene difluoride 
membranes and blocked for 2 hours in 5% non-fat milk. 
The membranes were incubated with primary antibodies 
at 4°C overnight, including rabbit anti-Yap (Cat# 14074T; 
1:1000; Cell Signaling Technology, Beverly, MA, USA), rabbit 
anti-phospho-(p-)YAP (Cat# 13619S; 1:1000; Cell Signaling 
Technology), and mouse anti-GAPDH (Cat# sc-365062; 
1:1000; Santa Cruz Biotechnology, Santa Cruz, CA, USA). 
After incubation for 2 hours with horseradish peroxidase-
conjugated secondary antibodies (goat anti-mouse IgG, 
Cat# SA00001-1 or goat anti-rabbit IgG, Cat# SA00001-2; 
1:10,000; Proteintech, Chicago, IL, USA), immunoreactive 
bands were visualized by enhanced chemiluminescence (Cat# 
WBKLS0500; Millipore, Billerica, MA, USA). GAPDH was used 
as an endogenous control. The integrated density values 
were calculated using ImageJ software (National Institutes of 
Health, Bethesda, MD, USA).

Statistical analysis
All data are reported as the mean ± standard deviation (SD) of 
three repeated experiments. Student’s t-test was applied to 
analyze the significance of differences between groups using 
SPSS 23.0 software (IBM, Armonk, NY, USA). Kaplan-Meier 
analysis was performed to generate survival curves. A value of 
P < 0.05 was regarded as statistically significant.

Results
MiR-670 expression is increased after I/R injury
To detect miR-670 expression after I/R injury in vivo, we 
generated a tMCAO mouse model. An infarct volume of 
approximately 40–50% was generated in mouse brain tissue 
(P < 0.05; Figure 1A). Relative expression of miR-670 was 
upregulated in the tMCAO group (approximately 2.2-fold) (P 
< 0.05; Figure 1B). Moreover, we examined miR-670 mRNA 
expression in vitro using an OGD/R injury model. OGD/R injury 
increased miR-670 levels in N2a cells compared with the 
control group (approximately 1.8-fold, P < 0.05; Figure 1C). To 
explore the regulatory function of miR-670 in I/R injury, N2a 
cell lines with overexpression or knockdown of miR-670 were 
established (P < 0.05; Figure 1D). Cell viability was decreased 
after OGD/R treatment, and overexpression of miR-670 
further decreased cell viability. However, miR-670 knockdown 
could rescue the decreased cell viability caused by OGD/R (P < 
0.05; Figure 1E). 

MiR-670 promotes neuronal apoptosis in I/R injury
In addition to the cell viability assay, neuronal apoptosis was 
observed using TUNEL staining. Overexpression of miR-670 
could accentuate apoptosis in N2a cells. However, knockdown 
of miR-670 could repress apoptosis after OGD/R treatment (P 
< 0.05; Figure 2A and B). The flow cytometry analysis results, 
shown in Figure 2C and D, revealed that miR-670 could 
promote OGD/R-induced neuronal apoptosis.

MiR-670 aggravates apoptosis by inhibiting downstream Yap 
in I/R injury
Next, we explored the underlying molecular mechanism by 
which miR-670 regulated apoptosis in I/R injury. The Yap 
pathway was evaluated because of its close relationship 
with apoptosis (Moon et al., 2019). Both quantitative PCR 
and western blot analysis were performed to evaluate Yap 
expression by measuring mRNA and protein levels in N2a cells 
(P < 0.05; Figure 3A and B). A robust decline in the Yap level 
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was detected when miR-670 was overexpressed after OGD/R  
treatment. However, Yap expression was upregulated when 
miR-670 was knocked down (P < 0.05; Figure 3A–C). Because 
phosphorylation can inhibit the transcriptional activity of Yap 
(Flinn et al., 2020), p-Yap was further examined. A significant 
increase in p-Yap was detected in the miR-670 overexpression 
group after OGD/R injury. However, p-Yap expression was 
inhibited after knockdown of miR-670 (P < 0.05; Figure 3B–E). 
These results suggested that miR-670 inhibits Yap expression 
via phosphorylation-induced degradation. 

MiR-670 exacerbates neurological impairments of mice after 
I/R injury
To verify the influence of miR-670 on neurological function 
after I/R injury in vivo, mice were intracerebroventricularly 
injected with pre-miR-670 or anti-miR-670 lentivirus 2 weeks 
before the tMCAO operation. The cerebral infarct volume 
was increased after miR-670 overexpression (Figure 4A). 
The transfection efficiency was determined by a quantitative 
PCR assay (P < 0.05; Figure 4B). Mice overexpressing miR-
670 exhibited more severe neurological deficits than the I/R  
group at 14 days after tMCAO (P < 0.05; Figure 4C). The 
latency to fall in the rotarod test was greatly increased in miR-
670 knockdown mice (P < 0.05; Figure 4D). This result implied 
an improvement of motor coordination when miR-670 was 
inhibited. Adhesive removal tests revealed that both the 
time to contact and removal were shortened in the miR-670 
knockdown group. The results indicate that inhibition of miR-
670 could alleviate sensorimotor deficits in I/R injury (P < 0.05; 
Figure 4E and F). In addition, the miR-670 knockdown group 
had a longer survival time after I/R injury (P < 0.05; Figure 4G).

Discussion
Our study showed for the first time that miR-670 was 
upregulated after cerebral I/R injury. tMCAO and OGD/
R models were used to explore the underlying molecular 
mechanism of I/R injury. The results showed that miR-670 
could participate in the regulation of neuronal apoptosis 
via modulation of Yap expression. Furthermore, Yap 
phosphorylation was enhanced with increased miR-670 
expression. Increased miR-670 levels aggravated neurological 
impairments and shortened survival time.

Cerebral ischemic stroke can result in many neurological 
deficits that severely influence the quality of daily life and 
even threaten the lives of individuals (GBD 2013 Mortality 
and Causes of Death Collaborators, 2015; Mo et al., 2020). As 
the most common complication in thrombolytic treatment 
of cerebral ischemic stroke, I/R injury can lead to aggravated 
clinical manifestations (Hill et al., 2020). Evidence has 
indicated that many pathophysiological processes are involved 
in I/R injury, including endoplasmic reticulum stress (Shu et 
al., 2018), apoptosis (Tang et al., 2020), autophagy (Yu et al., 
2019), and inflammation (Wu et al., 2017). Apoptosis is a 
crucial process in programmed cell death, and endoplasmic 
reticulum stress and mitochondria-associated apoptosis 
pathways have been reported to be of great importance in 
cerebral I/R injury (Gong et al., 2017). Inhibition of oxidative 
stress and neuronal apoptosis could impede brain damage 
after I/R injury (Dai et al., 2018). Additionally, selective 
brain hypothermia could repress Fis1 expression to reduce 
apoptosis and act as a neuroprotective factor (Tang et al., 
2020). Moreover, salvianolic acid could protect the central 
nervous system against I/R injury by inhibiting neuronal 
apoptosis (Hou et al., 2016). In our study, we focused on 

modulation of apoptosis to further explore the possible 
factors that influence of I/R injury.

MiRNAs have been confirmed to exert a complex influence 
on regulation of I/R injury. A previous study suggested that 
inhibition of miR-106b-5p could repress apoptosis and 
oxidative stress and alleviate cerebral I/R injury (Li et al., 
2017). MiR-431 could negatively regulate the downstream 
Rho/Rho-kinase signaling pathway and prevent neuron 
apoptosis after I/R injury (Han et al., 2018). MiR-182-5p was 
reported to function as an anti-inflammatory factor to protect 
against I/R-induced cerebral injury via binding with toll-like 
receptor 4 (Wang et al., 2018). MiR-670 is a non-coding RNA 
that was verified to induce cell proliferation and migration in 
hepatocellular carcinoma (Shi and Xu, 2016; Fu et al., 2019). 
Furthermore, miR-670 could target downstream prospero 
homeobox 1 by binding to its 3′ untranslated region and 
inhibit its transcription. Additionally, reduction of miR-670 
could inhibit cell proliferation in hepatocellular carcinoma (Shi 
and Xu, 2016). Another study revealed that miR-670 could act 
as a competing endogenous RNA of circular RNA ATP binding 
cassette subfamily B member 10 to regulate downstream 
high mobility group 20A expression, affecting hepatocellular 
carcinoma progression (Fu et al., 2019). Furthermore, 
endometrial cancer patients with downregulated expression 
of miR-670 and potassium voltage-gated channel modifier 
subfamily S member 1 had a decreased survival time (Xu et 
al., 2019). However, little is known about the role of miR-670 
in regulation of cerebral I/R injury. In the present study, we 
confirmed that miR-670 expression was upregulated after 
I/R injury. Overexpression of miR-670 could increase the 
apoptosis rate of neurons. In contrast, apoptosis was reduced 
after miR-670 expression was repressed. These findings 
indicate a neuroprotective effect of miR-670 inhibition. 

Yap is known as a critical regulator in many biological 
processes. Activation of the anti-oxidative response, which is 
also regulated by Yap, could relieve damage caused by cardiac 
injury (Tao et al., 2016). The Hippo-Yap-dependent signaling 
pathway was also shown to modulate blood-brain barrier 
restoration and ameliorate neurological impairments (Gong et 
al., 2019). In addition, the Hippo-Yap pathway was activated 
to promote optic atrophy 1-associated mitochondrial fusion, 
preventing the brain reperfusion stress reaction (Wei et al., 
2019). Our results suggested that miR-670 might aggravate 
I/R-induced neurological deficits and neuronal apoptosis 
by repressing downstream Yap expression. In addition, 
phosphorylation of Yap was confirmed to enhance Yap 
ubiquitination by generating a complex, which was degraded 
by proteasomes (Nguyen and Kugler, 2018). Therefore, we 
further examined p-Yap expression after I/R treatment of cells 
with altered miR-670 levels. The results indicated that p-Yap 
was upregulated by miR-670 overexpression, which implied 
that miR-670 might accelerate apoptosis after I/R injury by 
promoting Yap degradation.

However, there are some limitations of our study. Apoptosis 
may have been induced by oxidative responses and 
endoplasmic reticulum stress. In addition, other pathways 
could also participate in the modulation of I/R injury. More 
specific studies are needed to determine the molecular 
regulation mechanism of cerebral I/R injury and the role 
of crosstalk in the future. Based on the pivotal functions of 
miR-670 in mice and cell models of I/R injury, further clinical 
studies are needed to explore its underlying roles in patients.

In conclusion, our findings ascertained the expression changes 
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and possible function of miR-670 in cerebral I/R injury for 
the first time. The underlying molecular mechanism was also 
explored, and a better understanding of this process was 
obtained in the present study. MiR-670 was upregulated in 
brain tissue and neurons subjected to I/R injury and could 
affect neuronal apoptosis and cerebral damage. Inhibition of 
miR-670 could increase cell viability and relieve neurological 
deficits by reducing phosphorylation of downstream Yap and 
inhibiting Yap degradation. Yap may be a potential candidate 
for treatment and prognosis prediction of cerebral ischemic 
stroke. 
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Figure 1 ｜ MiR-670 is notably upregulated after cerebral ischemia and reperfusion injury.
(A) Infarct volume after cerebral ischemia and reperfusion (I/R) injury (n = 6). (B) Quantitative polymerase chain reaction (qPCR) assay of miR-670 in I/R injured 
mouse brain tissue (n = 9). (C) qPCR assay of miR-670 in Neuro 2a cells (n = 3) exposed to oxygen-glucose deprivation and reoxygenation-induced (OGD/R). 
(D) qPCR assay of miR-670 after transfection (n = 3). The relative expression of miR-670 was calculated as the optical density ratio to that of the endogenous 
control (GAPDH). (E) Cell counting kit 8 assay of cell viability with altered miR-670 expression in I/R-injured Neuro 2a cells. Data are presented as the mean ± 
SD. †P < 0.05 vs. sham group; *P < 0.05, vs. control group; #P < 0.05, vs. OGD/R + pre-NC group; $P < 0.05, vs. OGD/R + anti-NC group (Student’s t-test). anti-
miR-670: An miR-670 antagomir; anti-NC: a non-sense sequence of the miR-670 antagomir; GAPDH: glyceraldehyde 3-phosphate dehydrogenase; I/R: ischemia 
and reperfusion; OGD/R: oxygen-glucose deprivation and reoxygenation; pre-miR-670: an miR-670 agomir; pre-NC: a non-sense sequence of the miR-670 
agomir; qPCR: quantitative polymerase chain reaction.
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Figure 2 ｜ MiR-670 promotes neuronal apoptosis in 
Neuro 2a cells after ischemia and reperfusion injury.
(A, B) Transferase-mediated nick end labeling (TUNEL) 
staining of Neuro 2a cells with altered miR-670 
expression after ischemia and reperfusion (I/R) injury. 
Apoptotic cells are labeled in red. 4′,6-Diamidino-2-
phenylindole (DAPI) was used to display the nucleus 
(blue). Scale bars: 30 μm. At least 20 visual fields were 
counted in each experiment. (C, D) Flow cytometry 
analysis of Neuro 2a cells with altered miR-670 
expression after I/R injury. Data are presented as the 
mean ± SD (n = 3). *P < 0.05, vs. control group; #P < 
0.05, vs. OGD/R + pre-NC group; $P < 0.05, vs. OGD/R  
+ anti-NC group (Student’s t-test). anti-miR-670: An 
miR-670 antagomir; anti-NC: a non-sense sequence 
of the miR-670 antagomir; DAPI: 4′,6-diamidino-2-
phenylindole; I/R: ischemia and reperfusion; OGD/R: 
oxygen-glucose deprivation and reoxygenation; pre-
miR-670: an miR-670 agomir; pre-NC: a non-sense 
sequence of the miR-670 agomir; TUNEL: transferase-
mediated nick end labeling.
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Figure 3 ｜ MiR-670 regulates downstream Yap expression in Neuro 2a cells after ischemia and reperfusion injury.
(A) Quantitative polymerase chain reaction (qPCR) assay of Yap expression with altered miR-670 expression after 
ischemia and reperfusion (I/R) injury. Relative expression of Yap was calculated as the optical density ratio to that of 
the endogenous control (GAPDH). (B–E) Western blot assay of Yap and p-Yap expression in cells with altered expression 
of miR-670 after I/R injury. Data are presented as the mean ± SD (n = 3). *P < 0.05, vs. control group; #P < 0.05, vs. 
OGD/R + pre-NC group; $P < 0.05, vs. OGD/R + anti-NC group (Student’s t-test). anti-miR-670: An miR-670 antagomir; 
anti-NC: a non-sense sequence of the miR-670 antagomir; GAPDH: glyceraldehyde 3-phosphate dehydrogenase; I/R: 
ischemia and reperfusion; OGD/R: oxygen-glucose deprivation and reoxygenation; pre-miR-670: an miR-670 agomir; 
pre-NC: a non-sense sequence of the miR-670 agomir; p-Yap: phosphor-yes-associated protein; qPCR: quantitative 
polymerase chain reaction; Yap: yes-associated protein.
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Figure 4 ｜ MiR-670 exacerbates neurological deficits induced by ischemia and reperfusion injury.
(A) 2,3,5-Triphenyltetrazolium chloride stain of mouse brain tissue slices. (B) Quantitative polymerase chain reaction (qPCR) assay of miR-670 in brain tissue 
after transfection (n = 9). Relative expression of miR-670 was calculated as the optical density ratio to that of the endogenous control (GAPDH). (C) Neurological 
deficits were evaluated by modified neurological severity scores in mice with altered miR-670 expression after cerebral I/R injury (n = 9). (D) Rotarod tests 
of mice with altered miR-670 expression (n = 9). (E, F) Adhesive removal tests of mice with altered miR-670 expression (n = 9). (G) Survival time of mice with 
altered miR-670 expression (n = 15–17). Data are presented as the mean ± SD. ‡P < 0.05, vs. I/R group; §P < 0.05 (Student’s t-test). The survival curves were 
generated by Kaplan–Meier analysis. anti-miR-670: An miR-670 antagomir; anti-NC: a non-sense sequence of the miR-670 antagomir; I/R: ischemia and 
reperfusion; pre-miR-670: an miR-670 agomir; pre-NC: a non-sense sequence of the miR-670 agomir; qPCR: quantitative polymerase chain reaction.
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