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Abstract

Transient focal ischemia induces a sustained downregulation of miR-7 leading to derepression 

of its target α-synuclein (α-Syn), which promotes neuronal death. We previously showed that 

treatment with miR-7 mimic prevents α-Syn induction and protects brain after stroke in rodents 

irrespective of age and sex. To further decipher the role of miR-7, we currently studied infarction 

and motor function in miR-7 double knockout mice (lack both miR-7a and miR-7b) subjected to 

focal ischemia. Adult miR-7−/− mice showed similar motor and cognitive functions to miR-7+/+ 

mice. However, when subjected to even a mild focal ischemia, the miR-7−/− mice showed 

exacerbated brain damage and worsened motor function compared with the miR-7+/+ mice. 

Replenishing miR-7 in miR-7−/− mice (IV injection of miR-7 mimic) restored miR-7 mediated 

neuroprotection and motor recovery, potentially by preventing α-Syn protein induction. Thus, 

we show that miR-7 is an essential miRNA in the brain that prevents α-Syn translation and the 

ensuing brain damage after stroke.
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INTRODUCTION

The microRNAs (miRNAs) are short (21- to 23 nt) noncoding RNAs that are highly 

abundant in the brain [1]. Stroke was shown to alter the expression of many miRNAs and 
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several of them modulate the poststroke functional outcome [2–5]. We recently reported that 

the levels of miR-7 were reduced in the brain following transient focal ischemia in rodents 

and its replenishment promotes poststroke recovery [3]. α-Synuclein (α-syn), the protein 

that plays a significant role in neuronal death in Parkinson’s disease (PD), is a major target 

of miR-7 [6]. We showed that focal ischemia significantly induces α-syn protein expression 

in rodent brain regardless of age or sex, and preventing it by treatment with a miR-7 mimic 

promotes smaller infarcts and functional recovery [3, 7].

In both humans and mice, pri-miR-7a and pri-miR-7b that release mature miR-7a and 

miR-7b are transcribed from 2 distinct loci. The miR-7a and miR-7b share 100% sequence 

homology in humans and 95% sequence homology in mice (only 1 nucleotide is different). 

Importantly, these 2 share the seed sequence and can be detected using the same set of 

primers. Hence, we used miR-7 double knockout mice (DKO) that lack both the primary 

miR-7 gene loci [8]. These mice were created by injecting Cas9 RNA and sgRNAs to 

excise the DNA encoding pre-miRNA hairpin loci. The miR-7 DKO mice were born at the 

expected Mendelian frequency and displayed no gross physical abnormalities [8]. To further 

prove the essential role of miR-7 in protecting the brain, we presently evaluated poststroke 

brain damage and α-syn protein expression in these mice.

MATERIALS AND METHODS

Focal ischemia, miRNA mimic treatment, outcome analysis, and immunostaining

Supplementary Information shows detailed methods. Animal procedures were approved by 

the University of Wisconsin Research Animal Resources and Care Committee. Animals 

were randomly assigned, and a blinded investigator performed data analyses. Focal ischemia 

was induced in male miR-7+/+ and miR-7−/− mice (C57BL/6J background; 12 weeks, 27±2 

g) by intraluminal middle cerebral artery occlusion (MCAO; 45 min) under isoflurane 

anesthesia [3, 9–12]. Sham-operated mice served as control. Only male mice were used 

as poststroke miR-7 downregulation and miR-7 mimic mediated neuroprotection are 

independent of age and sex [3]. The miR-7 mimic or control non-targeting mimic was 

injected (IV; retro-orbital sinus) with PEG-Liposome In Vivo Transfection at 30 min of 

reperfusion [3]. Motor function was analyzed with rotarod test and beam-walk test between 

days 1 to 7 of reperfusion [3, 12, 13]. Ischemic brain damage was assessed at 7 days of 

reperfusion with T2-MRI [10]. The volume was computed by numeric integration of data 

from serial coronal sections to the sectional interval and corrected for edema [3, 7, 12, 13]. 

The effect of miR-7 supplementation on α-Syn levels was examined by immunostaining 

brain sections with anti-α-Syn and anti-NeuN antibodies [3, 13].

RESULTS

miR-7 deletion worsened poststroke functional outcome

In miR-7+/+mice, a shorter duration transient MCAO (45 min) induced mild motor 

dysfunction at 1 day that resolved by 3 days of reperfusion and a small infarct (9 

mm3) (Fig. 1A and B). Whereas, miR-7−/− mice subjected to 45 min transient MCAO 

showed a significant motor dysfunction by day 1 that was still impaired even at day 7 of 
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reperfusion compared with the miR-7+/+ cohort (Fig. 1A). The miR-7−/− mice also showed 

a significantly bigger infarct (6.1 fold) compared with the miR-7+/+ mice (Fig. 1B). This 

indicates that miR-7 is critical for neuronal survival during stressful conditions like stroke.

miR-7 supplementation decreased brain damage in miR-7−/− mice

To further establish the neuroprotective ability of miR-7 after stroke, we restored miR-7 

levels in miR-7−/− mice by injecting a miR-7 mimic at 30 min of reperfusion following 

transient MCAO. The miR-7 mimic treated cohort showed a significantly improved motor 

function recovery between days 3 and 7 of reperfusion compared with the control mimic 

treated cohort (Fig. 2A). The miR-7 mimic treated cohort also showed a significantly smaller 

infarct volume (by 2.6 fold) compared with the control mimic treated cohort (Fig. 2B).

miR-7 supplementation suppressed α-Syn expression

Transient focal ischemia significantly induces α-Syn expression in rodent brain and 

treatment with miR-7 mimic curtails this, and poststroke neuroprotection induced by miR-7 

mimic will be abrogated in α-Syn−/− mice [3]. This indicates that miR-7 is instrumental 

in protecting the brain after stroke, specifically by preventing α-Syn [3]. We presently 

extend this by showing that in miR-7−/− mice, miR-7 mimic treatment significantly curtails 

poststroke induction of α-Syn protein compared with control mimic treated cohort at 1 day 

of reperfusion following transient MCAO (Fig. 2C).

DISCUSSION

Many miRNAs altered after stroke are reported to modulate neuronal death and/or survival 

[4, 14]. The miR-7 is a highly abundant miRNA downregulated rapidly in rodent brain 

following transient focal ischemia, and importantly replenishing its levels using a mimic 

promoted functional recovery and decreased infarction [3]. Recently, we reported that 

stroke in humans and focal ischemia in rodents significantly increases α-Syn protein levels 

that form proteinase-K insoluble oligomers [7]. Furthermore, α-Syn siRNA significantly 

protected the poststroke brain [7]. Specifically, α-Syn is a conserved target of miR-7, and 

the neuroprotective potential of miR-7 mimic is due to its ability to repress α-Syn after 

stroke [3].

CNS contains a high abundance of the monomeric α-Syn that is localized in neurons [7]. 

Its physiological significance is not clear, but the pathologic increase in α-Syn protein, 

its oligomerization and tangle/plaque formation is neurotoxic and the major pathologic 

mechanism of PD [15]. Of the 3 miRNAs (miR-7a/b, miR-673 and miR-153) that were 

found to target α-Syn with high affinity by all 4 bioinformatic algorithms (microRNA.org, 

TargetScan, miRDB and miRanda), only miR-7a was downregulated in rodent brain after 

transient MCAO [2]. We also observed that of the top 5% predicted targets of miR-7a, 

α-Syn is the only common conserved target identified by all 4 algorithms (data not shown). 

Luciferase assays confirmed that premiR-7a prevents α-Syn 3’UTR vector expression in 

PC12 cells [3]. Thus, there is an inverse relation between α-Syn and miR-7 levels. The 

high expression of miR-7 might be a natural adaptation to prevent unusual induction 

of α-Syn under pathologic conditions. However, conditions like stroke lead to an acute 
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downregulation of miR-7 in a sustained manner leading to derepression of α-Syn expression 

and thus pathologic changes [3].

We presently extended the above concept by using miR-7−/− mice. When these mice 

were subjected to even a milder transient MCAO, they showed a significant functional 

impairment and exacerbated infarction compared with the miR-7+/+ mice. This indicates 

the essential role of miR-7 in protecting the brain after stroke. We further showed that 

supplementation of miR-7 with a miR-7 mimic protects miR-7−/− mice following transient 

MCAO. We also showed extensive induction of α-Syn protein in miR-7−/− mice subjected 

to focal ischemia, which was significantly curtailed by miR-7 mimic. This evidence strongly 

suggests that miR-7 plays a prosurvival role in the brain after a stroke and its downregulation 

promotes neurological dysfunction, probably by derepressing α-Syn protein expression. 

miR-7−/− mice also showed exacerbated infiltration of leukocytes and increased levels of 

pro-inflammatory factors such IL-1β, IL-6, and TNF-α following focal ischemia [16]. As 

α-Syn induction also promotes inflammation, miR-7 might be essential to control these 

pathologic changes after an injury [7, 15]. Notably, miR-7 was also shown to facilitate the 

clearance of α-Syn aggregates by promoting autophagy [17]. Overall, we show that miR-7 

has significant therapeutic potential in protecting the brain following stroke.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1: miR-7 deficiency worsened ischemic brain injury.
miR-7−/− mice showed significantly lower motor function recovery on days 1 to 7 following 

transient MCAO compared with the miR-7+/+ cohort (A). *p<0.05 compared with miR-7+/+ 

cohort by repeated-measures ANOVA followed by Sidak’s multiple comparisons posttest. 

miR-7−/− mice also showed bigger infarcts compared with the miR-7+/+ cohort on day 7 

of reperfusion following transient MCAO (T2-MRI; B). *P<0.05 compared with miR-7+/+ 

cohort by Mann-Whitney U test. Values are mean±SD (n=8/group).
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Fig. 2: miR-7 supplementation decreased ischemic brain injury in miR-7−/− mice.
IV injection of miR-7 mimic (20 nmol at 30 min of reperfusion following transient MCAO) 

in miR-7−/− mice promoted better motor function recovery (A) and decreased lesion volume 

(B) compared with control mimic treated cohort. Values are mean±SD (n=8/group). *p<0.05 

compared with control mimic by repeated-measures ANOVA followed by Sidak’s multiple 

comparisons posttest (A) and Mann-Whitney U test (B). Following transient MCAO and 

1 day of reperfusion, control mimic injected miR-7−/− mice showed increased abundance 

of α-Syn immunostaining, which was reduced by miR-7 mimic administration (C) (n=4/

group). Bar=20 μm.
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