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Research Highlights 

(1) The aim of our study was to investigate the relationship between miR-137 and post-stroke        

depression.  

(2) Our results demonstrate that in a rat model of post-stroke depression, miR-137 levels are sig-

nificantly decreased in the brain and peripheral blood. Overexpression of miR-137 in the brain im-

proves behavioral changes in post-stroke depression rats, by suppressing Grin2A expression at the 

post-transcriptional level. 

 

Abstract  
Expression of miR-137 is downregulated in brain tissue from patients with depression and suicidal 

behavior, and is also downregulated in peripheral blood from stroke patients. However, it is not yet 

known if miR-137 acts as a bridge between stroke and depression. To test this, we used middle 

cerebral artery occlusion and chronic mild stress to establish a post-stroke depression model in rats. 

Compared with controls, we found significantly lower miR-137 levels in the brain and peripheral 

blood from post-stroke depression rats. Injection of a miR-137 antagonist into the brain ventricles 

upregulated miR-137 levels, and improved behavioral changes in post-stroke depression rats. Lu-

ciferase assays showed miR-137 bound to the 3′UTR of Grin2A, regulating Grin2A expression in a 

neuronal cell line. Grin2A gene overexpression in the brain of post-stroke depression rats, noticea-

bly suppressed the inhibitory effect of miR-137 on post-stroke depression. Overall, our results show 

that miR-137 suppresses Grin2A protein expression through binding to Grin2A mRNA, thereby ex-

erting an inhibitory effect on post-stroke depression. Our results offer a new therapeutic direction for 

post-stroke depression. 
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INTRODUCTION 

    

MicroRNAs (miRNAs) are a class of sin-

gle-stranded small non-coding RNA mole-

cules, between 18–25 nucleotides in length. 

MiRNAs bind to 3′untranslated regions 

(3′UTR) of mRNAs, regulating protein ex-

pression levels of target genes
[1-5]

. Recent 

research has suggested that miRNAs may 

be associated with depression. Smalheiser 

et al 
[6]

 examined brain tissue from 18 de-

pressed patients with suicidal behavior, and 

found downregulated expression of 21 

miRNAs, including miR-137. Comparing the 

spectrum of serum miRNAs in depressed 

patients before and after treatment, Boc-

chio-Chiavetto et al
 [7]

 showed that oral 

administration of the antidepressant drug 

citalopram induced an increase in levels of 
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28 serum miRNAs. Furthermore, Baudry et al 
[8]

 found 

that a selective serotonin reuptake inhibitor antidepres-

sant drug, increases miR-16 levels and downregulates 

expression of the miR-16 target gene, a serotonin 

transporter, thereby exerting an antidepressive effect. 

Previous studies have also demonstrated that miRNAs 

likely play an important role in the occurrence and de-

velopment of depression, and show potential as targets 

for treatment of clinical depression
[9-10]

.  

 

However, it is not yet known if miRNAs are associated 

with post-stroke depression. Recently, Scholars
[11-13] 

showed altered expression of various miRNAs in peri-

pheral blood, from acute stage stroke patients. A further 

study confirmed corresponding miRNA changes in the 

brain, in a mouse ischemia model. Interestingly, there are 

small overlaps between downregulated miRNA expres-

sion after cerebral ischemia, and in depression patients. 

Nevertheless, the effects of these overlapping miRNAs 

on the occurrence and development of post-stroke de-

pression remains unclear. Therefore, in this study, we 

used a rat model of post-stroke depression to investigate 

the effects of miR-137 on behavior. 

 

 

RESULTS 

 

Quantitative analysis of experimental animals 

A total of 43 rats were used. Six randomly selected rats 

were chosen as the control group. The remaining 37 rats 

were used to establish a model of post-stroke depression 

using middle cerebral artery occlusion and chronic mild 

stress. Two rats died from subarachnoid hemorrhaging, 

and five from severe cerebral edema. The remaining 30 

rats were randomly assigned to five groups, specifically, 

model, agomir-137, agomir-NC (negative control), ago-

mir-137 + Grin2A and agomir-137 + vector groups. The 

four agomir groups received an injection of agomir-137, a 

miR-137 antagonist into the left lateral ventricle 48 hours 

before model induction. Agomir-NC, LV-CMV-Grin2A 

and -control plasmids were also injected into the left lat-

eral ventricle 48 hours before model induction. The con-

trol, model, agomir-137 and agomir-NC groups were 

used to investigate the effects of miR-137 on post-stroke 

depression. The agomir-137, agomir-NC, agomir-137 + 

Grin2A and agomir-137 + vector groups were used to 

investigate Grin2A involvement in the post-stroke de-

pression effects of miR-137.  

 

Downregulation of miR-137 levels in the brain of rats 

with post-stroke depression  

Quantitative real-time PCR identified significantly lower 

miR-137 levels in brain and peripheral blood in our rat 

model of post-stroke depression, than in control rats (P < 

0.05; Figure 1), suggesting that miR-137 is involved in 

the pathophysiology of post-stroke depression.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

MiR-137 improved behavioral changes in rats with 

post-stroke depression  

Using the open field test at 3 weeks post-stroke, we found 

significantly higher rearing and locomotor activities in 

post-stroke depression rats injected with agomir-137, than 

rats injected with agomir-NC and untreated post-stroke 

depression rats (P < 0.05; Figure 2A). In addition, at 14 

days after cerebral ischemia, the sucrose preference test 

showed significantly higher sucrose consumption in the 

agomir-137 group, than in agomir-NC and untreated 

post-stoke depression rats (P < 0.05; Figure 2B).  

 

MiR-137 bound to the 3′UTR of Grin2A mRNA and 

downregulated Grin2A protein expression  

Luciferase assays found significantly lower fluorescence 

intensities in HEK-293 cells transfected with Grin2A- 

3′UTR-wt, compared with negative controls (miR-con)  

Figure 1  MiR-137 levels analyzed using real-time PCR in 
rats with post-stroke depression (PSD).  

(A) MiR-137 expression levels in brain.  

(B) MiR-137 expression levels in peripheral blood.  

Data are expressed as mean ± SD. Six rats were used in 
each group. Intergroup comparisons were performed using 
one-way analysis of variance. aP < 0.05, vs. control rats. 

A 

B 

Control brain          PSD brain 

Control brain          PSD brain 

a 

a 
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(P < 0.05). However, no significant difference was de-

tected between HEK-293 cells transfected with 

Grin2A-3′UTR- mut or empty vector (P > 0.05; Figure 3B). 

This suggests miR-137 binds to the 3′UTR of Grin2A 

mRNA, and regulates its translation. Moreover, western 

blot assays showed that in PC12 cells, miR-137 mimic 

(mimics of synthesized mir-137, showing similar effects 

to natural mir-137) significantly reduced (P < 0.05), but 

miR-137 inhibitor significantly increased (P < 0.05), 

Grin2A levels (Figure 3C). These results suggest that 

miR-137 binds to the 3′UTR of Grin2A mRNA and regu-

lates Grin2A protein expression.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Grin2A overexpression prevented miR-137-induced 

behavioral improvements in post-stroke depression 

rats 

To determine if Grin2A participates in miR-137-induced 

behavioral improvements in post-stroke depression rats, 

we injected a plasmid containing the Grin2A gene into 

the brain of post-stroke depression rats, via the brain 

ventricles. We found significantly lower locomotor and 

rearing activities in the agomir-137 + Grin2A group than 

in the negative control (agomir-137 + vector) and ago-

mir-137 groups (P < 0.05; Figure 4A). Moreover, the 

sucrose consumption percentage was significantly lower 

in the agomir-137 + Grin2A group than in the negative 

control and agomir-137 groups (P < 0.05; Figure 4B). 

These results suggest that Grin2A overexpression pre-

vents the improved behavioral effects of miR-137 in rats 

with post-stroke depression, and confirms the involve-

ment of Grin2A in the miR-137 therapeutic effect in post- 

stroke depression rats. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCUSSION 

 

Recent studies have suggested that miR-137 is strongly 

associated with neuropsychological diseases.  

Figure 2  Effects of miR-137 on behavior in rats.  

(A) Open field test. The frequency of crossing the square 
was used to determine locomotor activity. The frequency of 
rearing determined rearing activity. (B) Sucrose 
consumption. Sucrose consumption percentage (%) = 

sucrose consumption/ (sucrose + plain water consumption) 
× 100%.  

Data are expressed as mean ± SD. Six rats were used in 

each group. Intergroup comparisons were performed using 
one-way analysis of variance. aP < 0.05, vs. agomir- 
negative control (NC) group. PSD: Post-stroke depression. 

Figure 3  MiR-137 downregulates Grin2A expression by 
binding to the 3′UTR of Grin2A mRNA.  

(A) MiR-137 binding (Grin2A-3′UTR-wt) and mutant 
(Grin2A-3′UTR-mut) sequences, predicted by Targetscan 
and miRBase, were cloned into Luciferase reporter 

vectors.  

(B) Luciferase assays showed that following miR-137 
transfection, fluorescence intensities were significantly 
lower in the Grin2A-3′UTR-wt group, than in negative 

controls (miR-con). No significant difference was detected 
between the Grin2A-3′UTR-mut or empty vector groups 
and negative controls. Data are expressed as mean ± SD. 

Intergroup comparisons were performed using one-way 
analysis of variance. aP < 0.05, vs. control.  

(C) Western blot analysis in PC12 cells revealed that miR- 
137 mimic significantly reduced, and miR-137 inhibitor 

significantly increased Grin2A levels. NC: Negative control. 
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Geekiyanage et al 
[14]

 identified significantly lower 

miR-137 levels in the brain and serum from Alzheimer’s 

patients, than normal persons, and miR-137 expression 

was inversely proportional to serine palmitoyltransferase 

and β-amyloid levels. Thus, it is possible that miR-137 

has anti-Alzheimer’s disease effects via regulation of 

serine palmitoyltransferase. Furthermore, an in vitro 

study detected high miR-137 expression in neural pro-

genitors during differentiation
[15]

, finding miR-137 pro-

motes neural cell maturation and differentiation by sup-

pressing expression of the Mind bomb-1 and histone 

lysine specific demethylase 1 proteins. A genomic study 

found miR-137 mutation leads to schizophrenia and af-

fective disorder, suggesting miR-137 is potentially asso-

ciated with emotional function
[16]

. A further study showed 

miR-137 exerted its effects through downregulation of 

certain schizophrenia-related genes, for example, CSMD1, 

C10orf26, CACNA1C and TCF4
[17]

. Downregulation of 

miR-137 levels in the brain and peripheral blood of rat 

models of post-stroke depression suggests miR-137 is 

likely associated with the pathogenesis of post-stroke 

depression. Notably, miR-137 levels are downregulated in 

both stroke and depression patients
[6, 12]

. Combined with 

our results, we can conclude that miR-137 may be a 

bridge between stroke and depression.  

 

To verify miR-137 effects on post-stroke depression, we 

established a rat model of post-stroke depression, and 

injected the miR-137 antagonist, agomir-137, into the 

brain of rats with post-stroke depression, via the brain 

ventricles. Our results demonstrate that increased 

miR-137 levels significantly increase open field test 

scores and sucrose consumption, suggesting miR-137 

can counteract the effects of post-stroke depression. 

However, the molecular biological basis of miR-137 in 

post-stroke depression is still not clear. To address this 

problem, we searched the Targetscan and miRBase 

databases for potential miR-137 targets, identifying a 

7-mer sequence at the 3′UTR of Grin2A mRNA, as a 

potential miR-137 binding site, suggesting Grin2A is a 

downstream target gene for miR-137 effects.  

 

Grin2A protein is an important component of the 

N-methyl-D-aspartate (NMDA) receptor that is exten-

sively distributed within the central nervous system, and 

considered to play an important role in memory, emotion 

and learning
[18-22]

. NMDA receptors belong to the family 

of ionotropic glutamate receptors and are composed of 

two Grin1, and two Grin2 (Grin2A and Grin2B), sub-

units
[23-25]

. The NMDA receptor has been associated with 

depression. The binding ability of the NMDA receptor is 

significantly higher in depressed patients compared with 

normal controls, and in animal models, blocking NMDA 

receptors causes antidepressive effects
[26-27]

. Following 

cerebral ischemia, stress induces abundant glutamate 

production, excessively activating NMDA receptors and 

through a cascade reaction, results in abnormal hypo-

thalamic-pituitary-adrenal activation and subsequent 

involvement in the occurrence of post-stroke depres-

sion
[28-34]

. Numerous studies have verified NMDA recep-

tor antagonists as an effective treatment for depression 

and post-stroke depression
[35-40]

. However, because of 

severe complications, for example, muscle relaxation, 

ataxia, and learning and memory impairments, the use of 

common anti-NMDA receptor drugs is restricted clinically. 

Thus, more and more researchers are investigating 

NMDA receptor antagonists that selectively affect its 

subunits, such as Grin2A or Grin2B. Our luciferase assay 

results show that transfection of miR-137 mimic causes 

decreased fluorescence intensities in 3′UTR segments 

containing wild-type Grin2A, but was not affected by 

Figure 4  Grin2A prevents miR-137 behavioral effects in 
rats with post-stroke depression.  

(A) Open field test. Locomotor and rearing activities in 3 
minutes were significantly lower in the agomir-137 + 
Grin2A group, than in the agomir-137 + vector and 

agomir-137 groups. 

(B) Sucrose consumption percentage was significantly 
lower in the agomir-137 + Grin2A group, than in the 

agomir-137 + vector and agomir-137 groups. Sucrose 
consumption percentage (%) = sucrose consumption/ 
(sucrose + plain water consumption) × 100%. 

Data are expressed as mean ± SD. Six rats were used in 
each group. Intergroup comparisons were performed 
using one-way analysis of variance. aP < 0.05, vs. agomir- 
137 + Grin2A group. 
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3′UTRs containing mutant miR-137 binding sites. More-

over, in PC12 cells, western blots show decreased Grin2A 

protein levels with miR-137 overexpression, but increased 

levels with inhibition of miR-137 expression, suggesting 

miR-137 suppresses mRNA translation by binding to the 

3′UTR of Grin2A. Overall, our results suggest that 

miR-137 inhibits Grin2A protein synthesis at the 

post-transcriptional level, and also that miR-137 could be 

used as a selective NMDA receptor antagonist for the 

treatment of depression or post-stroke depression.  

 

Grin2A is a downstream target of miR-137, but its in-

volvement in the antidepressive effect of miR-137 re-

quired further confirmation. Therefore, we injected both 

Grin2A and agomir-137 into brain ventricles of rats with 

post-stroke depression to investigate the relationship 

between Grin2A and agomir-137 in the pathogenesis of 

post-stroke depression. Our results show significantly 

lower rearing and locomotor activities in rats with Grin2A 

and agomir-137 overexpression than in negative control 

(agomir-137 + vector) and agomir-137 groups. This 

suggests that Grin2A overexpression prevents the anti-

depressive effect of miR-137, and indirectly confirms 

Grin2A as an important downstream target in mediating 

miR-137 antidepressive effects.  

 

In summary, miR-137 levels are noticeably downregu-

lated in peripheral blood and brain in a rat model of 

post-stroke depression. In addition, miR-137 overex-

pression in the brain improves behavioral changes in 

post-stroke depression rats. Furthermore, we show that 

miR-137 exerts its anti-post-stroke depression effect by 

suppressing Grin2A expression at the 

post-transcriptional level. Our study provides a potential 

therapeutic target for post-stroke depression, and in-

creases our knowledge of its pathogenesis. 

 

 

MATERIALS AND METHODS 

 

Design 

A randomized, controlled molecular biology study.  

 

Time and setting  

Experiments were performed at the Laboratory of Pa-

thology, Shandong University, China from April to Sep-

tember 2012.  

 

Materials  

Animals  

A total of 31 pathogen-free healthy male Sprague-Dawley 

rats aged 8–10 weeks and weighing 280–340 g were 

supplied by the Animal Experiment Center of Shandong 

University in China (Animal license No. SCXK (Lu) 

2003-0002). The animals were housed in separate cages 

at 21 ± 2°C with relative humidity of 30–35% in a 12-hour 

light/dark cycle, and allowed free access to full-nutrient 

food and water. No difference in exposure factors in-

cluding weight, age and feeding were observed in any 

group. Protocols were conducted in accordance with the 

Guidance Suggestions for the Care and Use of Labora-

tory Animals, published by the Ministry of Science and 

Technology of China
[41]

.  

 

Cells and plasmids  

HEK-293 (Invitrogen, Carlsbad, CA, USA) and PC12 (Bos-

ter, Wuhan, Hubei Province, China) cells were obtained.  

 

Agomir-137, Agomir-NC, miR-137 mimic and miR-137 inhi-

bitor were from Ribobio (Guangzhou, Guangdon Province, 

China. Lentiviral-CMV-Grin2A and -control plasmids were 

synthesized by Genechem (Shanghai, China).  

 

Methods  

Establishment of a rat model of post-stroke 

depression  

Stroke was established by middle cerebral artery occlu-

sion
[42]

. Rats were subcutaneously anesthetized with 

ketamine (100 mg/kg), xylazine (2.5 mg/kg) and ace-

promazine (2.5 mg/kg) (Jinan Wanxingda Chemical Co., 

Ltd., Jinan, Shandong Province, China), and fixed in the 

supine position. Incisions were made in the neck, and the 

left common carotid, external carotid and internal carotid 

arteries were dissociated. Small incisions were made in 

the proximal end of the common carotid artery using eye 

scissors, and a 0.26 mm-diameter fishing line with a 

blunt end inserted, reaching the origin of the middle ce-

rebral artery through the internal carotid artery. Blood 

flow through the middle cerebral artery was blocked for 2 

hours. The fishing line was then removed, the external 

carotid artery ligated, and the incision sutured. After re-

gaining consciousness, rats were housed at 20–25°C 

and allowed free access to food and water.  

 

Two days after model establishment, rats that scored ≥ 1 

and < 4 according to Longa’s criteria
[43]

 were selected. In 

accordance with the method of Willner
[44]

, rats underwent 

chronic mild stress to induce post-stroke depression. 

Rats received tail-clamping for 1 minute, water depriva-

tion for 24 hours, fasting for 24 hours, a high temperature 

environment for 5 minutes (45°C), swimming in ice water 

for 5 minutes (4°C), day and night inversion (24 hours) 

and weaving for 30 minutes at 160 times/min. The seven 

stimuli were given respectively from Monday to Sunday 
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in order, for a total of 3 weeks i.e., each stimulus was 

given three times during induction. All rats were housed 

in separate cages.  

 

Lentivirus plasmid injection into brain ventricles  

Following the method as described previously
[20]

, lentivirus 

plasmid was injected into brain ventricles 48 hours prior to 

establishment of the stroke model. After disinfection with 

75% alcohol, a 2.5 cm-long sagittal incision was made 

along the midline to expose the skull. The syringe insertion 

coordinate was labeled on the skull (0.3 mm anterior, 3.6 

mm ventral and 1.1 mm left of the anterior fontanelle
[45]

), 

followed by drilling. Cerebral dura mater was pierced with 

a needle and a cannula inserted into the left lateral ven-

tricle. Using a microsyringe pump, appropriate concen-

trations of reagents were injected, specifically, 10 nmol 

agomir-137 or agomir-NC (dissolved in 10 μL PBS), and 

10 μL 10
8
 TU/mL LV-CMV-Grin2A or LV-CMV-control 

plasmids. In the agomir-137 + Grin2A and agomir-137 + 

vector groups, plasmids were injected first, followed by 

agomir. Head skin was sutured, and rats were kept in an 

incubator at 37°C for 60 minutes. Subsequently, rats 

were maintained at 22°C in individual cages with free 

access to food and water.  

 

Behavioral tests 

Open field test: in accordance with Wang et al 
[46]

, rats 

were placed in an open-field box under quiet conditions. 

The frequency of crossing the square was used to de-

termine locomotor activity. Four claws entering the 

square scored 1. The frequency of rearing determined 

rearing activity. Two forelimbs from the ground once 

scored 1. Each rat was measured three times for 3 mi-

nutes each time and the average value calculated.  

 

Sucrose preference test: after 20 hours of water depriva-

tion and fasting, all rats were administered with bottles of 

1% sucrose water and plain water. The sucrose con-

sumption percentage within 1 hour was calculated as: 

sucrose consumption percentage (%) = sucrose con-

sumption / (sucrose + plain water consumption) × 100%.  

 

Quantitative real-time PCR 

In accordance with Duan et al
 [47]

, PCR was performed to 

determine miR-137 expression in the brain and peri-

pheral blood of rats with post-stroke depression. Total 

RNA was extracted using Trizol (Sigma-Aldrich, St. Louis, 

MO, USA), and cDNA synthesized using EasyScript 

First- Strand cDNA Synthesis SuperMix (TransGen Bio-

tech, Beijing, China). In brief, 2.5 μL cDNA and 1 μL 

specific primer (RiboBio) were added to TransStart
TM

 

SYBR Green qPCR Supermix (TransGen Biotech). 

Quantitative real-time PCR was performed to determine 

miR-137 levels. PCR Detector (ABI, Beijing, China) was 

used to measure SYBR Green fluorescence intensity. 

The miRNA molecule, U6, served as an internal refer-

ence.  

 

Luciferase assay 

To investigate the mechanism underlying miR-137 beha-

vioral improvements in rats with post-stroke depression, 

potential miR-137 targets were identified using the da-

tabases, Targetscan (http://www.targetscan.org/) and 

miRBase (www.mirbase.org). To determine if the identi-

fied sequence downregulates Grin2A mRNA translation 

following miR-137 binding, Grin2A 3′UTRs containing the 

target site (Grin2A-3′UTR-wt) or a mutated site 

(Grin2A-3′UTR-mut), were constructed in a luciferase 

reporter system. Subsequently, miR-137 and either luci-

ferase empty vector or Grin2A-3′UTR-wt or Grin2A- 

3′UTR-mut plasmids were co-transfected into HEK-293 

cells
[47]

. HEK-293 cells were incubated in RPMI 1640 

medium (Gibco, Carlsbad, CA, USA) containing 10% 

fetal bovine serum (Thermo, Waltham, MA, USA) at 37°C 

in an incubator containing 5% CO2. Full-length Grin2A 

3′UTR containing the miR-137 binding site, was PCR 

amplified and cloned into HindIII and SacI sites of the 

pMIR-REPORT miRNA expression reporter vector (Am-

bion, Inc., Shanghai, China). The resulting vector was 

named Grin2A-3′UTR-wt. A point mutation of Grin2A- 

3’UTR-wt was identified using the Easy Mutagenesis 

System (TransGen Biotech) and subcloned also, with the 

resulting vector named Grin2A-3′UTR-mut. HEK 293T 

cells were seeded into 24-well plates and divided into 

three groups. Empty vector (400 ng) was added to the 

control group, Grin2A-3′UTR-wt plasmid (400 ng) to the 

wild-type group, and Grin2A-3′UTR-mut plasmid (400 ng) 

to the mutation group. Plasmids and miR-137 were 

transfected using Lipofectamine 2000 (Invitrogen, 

Carlsbad, CA, USA), and 20 ng pRL-TK (RiboBio) was 

added as an internal reference. Within each group, pa-

rallel wells were used for the addition of mimic-NC (Ri-

boBio), a negative control for miR-137 mimic (miR-con). 

After 36 hours of transfection, the fluorescence intensity 

of cells was measured using the Dual-Luciferase Re-

porter Assay System (Promega, Madison, WI, USA).  

 

Western blot assay  

PC12 cells were seeded into 24-well plates and divided 

into five groups. The control group received conven-

tional culture. MiR-137 mimic was added to the 

miR-137 transfection and negative control (mimic-NC) 

groups. MiR-137 inhibitor was added to the miR-137 

inhibitor and inhibitor negative control (inhibitor-NC) 
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groups. Following 48 hours of transfection, PC12 cells 

were collected, centrifuged and lysed with lysis buffer 

for 30 minutes. Protein concentrations were measured 

using the BCA method
[48]

. Each lysate underwent so-

dium dodecyl sulphate-poly-acrylamide gel electropho-

resis on 10% discontinuous gels (Boster), and then wet 

transferred onto the membrane. Membranes were 

blocked with 5% skimmed milk for 2 hours, washed six 

times in Tris-buffered saline with Tween-20 (Boster)  

(10 minutes each wash), and incubated with rabbit anti- 

Grin2A or glyceraldehyde-3-phosphate dehydrogenase 

(GAPDH) polyclonal antibody IgG (1:200; Santa Cruz 

Biotechnology, Santa Cruz, CA, USA) at 4°C overnight. 

The next day, membranes were rinsed six times in Tris- 

buffered saline with Tween-20 (10 minutes each wash), 

incubated with horseradish peroxidase-labeled goat 

anti-rabbit polyclonal antibody IgM (1:2 000; Santa Cruz 

Biotechnology) at room temperature for 2 hours, fol-

lowed by enhanced chemiluminescence. GAPDH 

served as an internal reference. 

 

Statistical analysis  

Data were analyzed using SPSS 17.0 for Windows 

(SPSS, Chicago, IL, USA), and expressed as mean ± SD. 

Differences among multiple groups were compared using 

analysis of variance. Differences between two groups 

were compared using two-sample t-tests (α = 0.05).  

 

Research background: MiRNAs likely play an important role in 

the occurrence and development of depression, and can be 

used as potential targets for treatment of depression.  

Research frontiers: Studies have shown that miR-137 ex-

pression is downregulated in the brain from depression patients 

with suicidal behavior. Moreover, miR-137 expression is also 

downregulated in peripheral blood from stroke patients.  

Clinical significance: Detection of a gene involved in a rat 

model of post-stroke depression identifies a potential therapeu-

tic target for post-stroke depression in the clinic.  

Academic terminology: MicroRNAs (miRNA) are a class of 

single-stranded small non-coding RNA molecules that bind to 

3′UTR regions, suppressing their translation and resulting in 

biological effects.  

Peer review: There are many studies concerning post-stroke 

depression in rats, but few at the gene level. Our study verifies 

that miR-137 reflects a regulatory direction of post-stroke de-

pression by inhibiting Grin2A expression. 
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