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Abstract. MicroRNA (miR)‑126 is known to inhibit inflam‑
matory responses in various inflammatory‑related diseases, but 
its role during the cerebral ischemia/reperfusion (I/R) injury 
remains unknown. The present study aimed to examine the 
interaction between miR‑126 and RAB3A interacting protein 
(RAB3IP), and explore its potential protective effects during 
I/R  injury. The human neuroblastoma cell line SH‑SY5Y 
was cultured in an oxygen‑glucose deprivation/reoxygen‑
ation (OGD/R) environment to simulate I/R injury to assess 
miR‑126 expression and cell viability. SH‑SY5Y cells cultured 
in normal conditions were used as a negative control (NC) 
group. SH‑SY5Y cells were transfected with a miR‑126 
mimic or an NC mimic, then cultured in OGD/R conditions; 
in rescue experiments, SH‑SY5Y cells were co‑transfected 
with RAB3IP overexpression or NC plasmid together with 
mimic‑NC or mimic‑miR, and then maintained in an OGD/R 
environment to evaluate miR‑126, RAB3IP expression, cell 
viability and apoptosis. Cell viability was reduced in the Model 
group compared with the NC group, suggesting the successful 
construction of the OGD/R model. miR‑126 expression was 
downregulated in the Model group compared with the NC 
group. However, following transfection with mimic‑miR, 

cell viability increased compared with the mimic‑NC group. 
Annexin V and PI staining and Hoechst/PI assays also indi‑
cated that apoptosis was reduced in the mimic‑miR group 
compared with the mimic‑NC group. RAB3IP expression was 
reduced following mimic‑miR transfection. In rescue experi‑
ments, miR‑126 negatively regulated RAB3IP expression; by 
contrast, RAB3IP did not affect that of miR‑126. In addition, 
RAB3IP overexpression attenuated the protective effect of 
miR‑126 on OGD/R‑induced apoptosis. These findings suggest 
that miR‑126 protects against cerebral I/R injury by targeting 
RAB3IP.

Introduction

Ischemic brain injury is a serious neurological condition 
and the third most common cause of death worldwide (1‑3). 
Immediate restoration of blood flow is recommended as the 
standard treatment for brain ischemia, which not only delivers 
oxygen and transports nutrients to sustain aerobic metabolism 
and ATP generation, but also eliminates accumulated H+ ions 
to normalize extracellular pH (4‑7). However, ischemia/reper‑
fusion (I/R) may exacerbate the risk of brain tissue injury (8). 
Due, in part, to overconsumption of oxygen, intracellular 
Ca2+ overload or redistribution during the first minutes of 
reperfusion, cerebral I/R contributes to the destruction of the 
mitochondrial respiratory chain response, excessive produc‑
tion of pro‑inflammatory mediators in the damaged areas 
of the brain tissue, as well as massive deposition of Ca2+ 
ions in the pericytes, which further increases the damage to 
neurons (5). Despite significant improvements in timely reper‑
fusion strategies (such as advanced surgical equipment, as well 
as safe and effective antiplatelet and antithrombotic agents), 
effective therapy for the prevention of cerebral I/R injury is 
still lacking (9,10). Therefore, it is essential to examine the 
underlying mechanism of cerebral I/R injury, as this may 
help the development of prevention strategies for cerebral I/R 
injury.

Several microRNA (miRNA/miR) molecules are consid‑
ered important regulators of neuronal survival during cerebral 
I/R injury (11‑15). miR‑126 is a family of extensively studied 
miRNA molecules known to inhibit inflammatory responses in 

MicroRNA‑126 protects SH‑SY5Y cells from ischemia/reperfusion 
injury‑induced apoptosis by inhibiting RAB3IP
ZHUMEI SUN1*,  XU ZHAO2*,  MEIHANG ZHANG1,  NING LI2,  YANNING ZHAO3,  

CHANGXIANG CHEN3,  JIANMIN LI1,  YANJUAN GUO2  and  QIANG FENG4

1Department of Clinical Medicine, North China University of Science and Technology, Tangshan, Hubei 063210; 
2Department of Neurosurgery, Affiliated Hospital of North China University of Science and Technology, Tangshan, 

Hubei 063000; 3Department of Nursing and Rehabilitation, North China University of Science and Technology, 
Tangshan, Hubei 063210; 4Department of Cardiology, Handan Central Hospital, Handan, Hubei 056001, P.R. China

Received June 9, 2021;  Accepted September 29, 2021

DOI: 10.3892/mmr.2021.12578

Correspondence to: Dr Zhumei Sun, Department of Clinical 
Medicine, North China University of Science and Technology, 
57 Jianshe South Road, Lubei, Tangshan, Hubei 063210, P.R. China
E‑mail: zhujichuo1870@163.com

Dr Xu Zhao, Department of Neurosurgery, Affiliated Hospital 
of North China University of Science and Technology, 73 Jianshe 
South Road, Lubei, Tangshan, Hubei 063000, P.R. China
E‑mail: xufei1488@163.com

*Contributed equally

Key words: microRNA‑126, Ras‑related protein RAB3A 
interacting protein, oxygen‑glucose deprivation/reoxygenation 
model, cerebral ischemia/reperfusion injury, cell viability, apoptosis



SUN et al:  miR‑126 AND RAB3IP IN CEREBRAL ISCHEMIA/REPERFUSION INJURY2

various inflammatory‑related diseases (16,17). In a Parkinson's 
disease model, miR‑126 markedly increased neuronal cell 
proliferation and reduced apoptosis by targeting Ras‑related 
protein RAB3A interacting protein (RAB3IP) (18). Moreover, 
this miRNA also interacts with various genes, including nuclear 
factor erythroid 2 like 2 (Nrf2), to attenuate I/R injury (19,20). 
Based on the aforementioned findings, it was hypothesized in 
the present study that miR‑126 may play a protective role in 
cerebral I/R injury by targeting RAB3IP. Therefore, the aim of 
the present study was to establish an oxygen‑glucose depriva‑
tion/reoxygenation (OGD/R) model to simulate cerebral I/R 
injury, in order to examine the interaction between miR‑126 
and RAB3IP and explore its potential protective effect during 
cerebral I/R injury.

Materials and methods

Cell culture. The human SH‑SY5Y neuroblastoma cell line was 
purchased from the American Type Culture Collection (ATCC; 
cat. no. CRL‑2266). The authenticity of the cells was confirmed 
using the Short Tandem Repeat assay report available at 
https://www.procell.com.cn/view/1401.html. The cell line was 
cultured according to the ATCC protocol. Briefly, cells were 
maintained in Eagle's Minimum Essential Medium (EMEM; 
cat. no. M4655; MilliporeSigma) supplemented with 10% FBS 
(cat. no. 12103C; MilliporeSigma) in a humidified incubator 
at 37˚C with 5% CO2. The 293T cells were also purchased 
from the ATCC and maintained in DMEM (cat. no. D0819; 
MilliporeSigma) supplemented with 10% FBS in a humidified 
incubator at 37˚C with 5% CO2. The 100 U/ml penicillin and 
100 µg/ml streptomycin (cat. no. 10378016; Gibco; Thermo 
Fisher Scientific, Inc.) were added in EMEM and DMEM.

Establishment of the OGD/R model. In order to simulate 
cerebral I/R injury in vitro, an OGD/R model was established 
as described previously (21‑24). Briefly, SH‑SY5Y cells were 
seeded in plates pre‑coated with poly‑L‑lysine (cat. no. P8920; 
MilliporeSigma) and incubated in glucose‑free EMEM under 
hypoxic conditions (1% O2; 5% CO2; 94% N2) at 37˚C for 4 h. 
The cells were then transferred to normal EMEM and main‑
tained in normal conditions (5% CO2; 95% air) at 37˚C for 48 h 
(Model group). SH‑SY5Y cells continuously maintained in 
normal EMEM under normal incubation conditions were used 
as a negative control (NC group). All subsequent experiments 
were conducted in three replicates.

Transfection. miR‑126 mimic (mimic‑miR; 5'‑CAT​TAT​TAC​
TTT​TGG​TAC​GCG‑3') and mimic‑NC (cat.  no.  B04001) 
were purchased from Shanghai GenePharma Co., Ltd. 
Lipofectamine® 3000 (cat. no. L3000075; Invitrogen; Thermo 
Fisher Scientific, Inc.) was used to transfect 0.5 pM mimic‑miR 
and 0.5 pM mimic‑NC into 1x106 SH‑SY5Y cells according 
to the manufacturer's instructions. The transfected cells (24 h 
after transfection) were then subjected to OGD/R treatment. 
Untransfected SH‑SY5Y cells that underwent OGD/R treat‑
ment alone (Model group) were also used as a control. Each 
assay was only performed once, but with three wells.

Rescue experiments. RAB3IP overexpression plasmid 
(OE‑RAB3IP) and the OE‑NC plasmid (an empty vector) 

were generated using the pcDNA3.1 vector purchased from 
Shanghai GenePharma Co., Ltd. SH‑SY5Y cells (1x106) were 
co‑transfected with 0.8 µg OE‑NC or 0.8 µg OE‑RAB3IP 
vector, together with mimic‑NC or mimic‑miR using 
Lipofectamine® 3000 at 37˚C for 24 h. The transfected cells 
(24 h after transfection) were subjected to OGD/R treatment. 
Thus, the experiment involved the following four groups: 
i)  OE‑NC  +  mimic‑NC; ii)  OE‑RAB3IP  +  mimic‑NC; 
iii) OE‑NC + mimic‑miR; and iv) OE‑RAB3IP + mimic‑miR. 
Each assay was only performed once, but with three wells.

Reverse transcription‑quantitative PCR (RT‑qPCR). Total 
RNA of cells was extracted using TRIzol® (Invitrogen; Thermo 
Fisher Scientific, Inc.), then reverse transcribed into cDNA 
using the ReverTra Ace® qPCR RT kit (cat.  no. FSQ‑101; 
Toyobo Life Science) according to the kit's instruction. qPCR 
was carried out using SYBR® Green Realtime PCR Master 
Mix (cat. no. QPK‑20; Toyobo Life Science). The thermocy‑
cling conditions included an initial denaturation at 95˚C for 
5 min, followed by 40 cycles of 95˚C for 5 sec and 61˚C for 
30 sec. The primers sequences are presented in Table I. The 
expression levels of miR‑126 and RAB3IP were calculated 
using the 2‑ΔΔCq method (25). GAPDH (for mRNA) and U6 (for 
miRNA) served as internal references. Besides, the forward 
and reverse primers of miR‑126 were designed according to 
previous studies (26,27). Each assay was only performed once, 
but with three wells.

Western blot assay. Total protein of cells was extracted using 
RIPA lysis buffer (cat.  no.  R0278; MilliporeSigma). The 
BCA Assay Kit for Protein Determination (cat. no. BCA1; 
MilliporeSigma) was used to measure the protein concentra‑
tion. Subsequently, the protein samples (20 µg) were separated 
via 4‑20% SDS‑PAGE and subsequently transferred to PVDF 
membranes (cat.  no.  IPVH00010; MilliporeSigma). The 
membranes were then blocked with 5% skimmed milk for 2 h 
at 37˚C and incubated with the primary antibodies (Table II) 
overnight at 4˚C. Following the primary antibody incubation, 
the membranes were incubated with secondary antibodies 
(Table II) for 1.5 h at room temperature. The visualization of 
the protein bands was performed using Pierce™ ECL Plus 
Western Blotting Substrate (cat. no. 32132X3; Thermo Fisher 
Scientific, Inc.) with exposure on X‑ray film (cat. no. 1753185; 
Kodak). GAPDH was used as the internal reference. Each assay 
was only performed once, but with three wells. The protein 
bands were analyzed using ImageJ 1.8.0 software (National 
Institutes of Health).

Cell Counting Kit‑8 (CCK‑8) assay. A volume of 10 µl CCK‑8 
solution (cat. no. CK04; Dojindo Laboratories, Inc.) and 90 µl 
RPMI‑1640 medium were added to the cells in each plate, 
which were then incubated at 37˚C with 5% CO2 for 2 h. The 
absorbance was measured using a microplate reader. Each 
assay was only performed once, but with three wells.

Cell cycle assay. The Cell Cycle Assay kit (cat. no. C543; 
Dojindo Laboratories, Inc.) was used to analyze cell 
cycle progression. The cells were harvested, counted and 
re‑suspended in PBS (cat. no. 806552; MilliporeSigma), then 
fixed with 70% ethanol (cat. no. A500737; Sangon Biotech 
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Co., Ltd.) at 4˚C overnight. After discarding the ethanol, the 
cells were stained with working solution at 4˚C for 1 h in the 
dark. The cells were then analyzed using a FACSCalibur flow 
cytometer (BD Biosciences). The data were analyzed using 
FlowJo 7.6 software (BD Biosciences). Each assay was only 
performed once, but with three wells.

Lactate dehydrogenase activity (LDH) assay. The LDH assay 
was performed using the LDH Assay Kit‑WST (cat. no. CK12; 
Dojindo Laboratories, Inc.). A volume of 100  µl working 
solution was added and incubated with the cells in the dark 
for 20 min. Subsequently, 50 µl working solution was added. 
The absorbance was then measured using a microplate reader 
at 490 nm. Each assay was only performed once, but with 
three wells.

Annexin V (AV)/propidium iodide (PI) assay. Apoptosis 
was evaluated using an AV‑FITC Apoptosis Detection kit 
(cat.  no.  4830‑01‑K; R&D Systems, Inc.). The cells were 
resuspended in 100 µl binding buffer, then incubated with 
5 µl AV and 5 µl PI for 15 min at room temperature in the 
dark. Apoptotic cells were analyzed using a FACSCalibur flow 
cytometer (BD Biosciences). The data were analyzed with 
FlowJo 7.6 software (BD Biosciences), and the percent of late 
or early + late apoptosis cells was assessed. Each assay was 
only performed once, but with three wells.

Hoechst/PI assay. Hoechst/PI assay was performed to assess 
cell apoptosis. The culture medium was discarded, and PBS 

was added to the wells. Subsequently, 1 µl Hoechst 33342 
(cat. no. B2261; MilliporeSigma) and 1 µl PI (cat. no. P4864; 
MilliporeSigma) were added to each well and incubated at 4˚C 
for 20 min. An inverted fluorescence microscope (Olympus 
Corporation) was used to determine the percentage of apop‑
totic cells. Each assay was only performed once, but with three 
wells.

Luciferase activity assay. The fragments of the RAB3IP 3' 
untranslated region (UTR) containing the wild‑type (WT) 
miR‑126 binding sites (RAB3IP‑WT) or mutant (MT) binding 
sites (RAB3IP‑MT; synthesized by Sangon Biotech Co., 
Ltd.) were cloned into the pmirGLO vector (cat. no. E1330; 
Promega Corporation). The 293T cells were seeded in 24‑well 
plates (5x104  cells/well) and cultured to 80% confluence. 
Subsequently, 100 ng RAB3IP‑WT or RAB3IP‑MT luciferase 
vector and 50 nM mimic‑miR or mimic‑NC were co‑trans‑
fected into 293T cells for 48 h using Lipofectamine 3000. 
The Dual‑Luciferase Reporter Assay system (cat. no. E1910; 
Promega Corporation) was used to measure relative luciferase 
reporter activity. Luciferase activity was normalized to Renilla 
luciferase activity. Each assay was only performed once, but 
with three wells.

Statistical analysis. SPSS 26.0 (IBM Corp.) was used for data 
analysis. The data are presented as the mean ± standard devia‑
tion. Comparisons between two groups were carried out using 
an unpaired Student's t‑test. Multi‑group comparisons were 
performed using a one‑way ANOVA followed by a Tukey's 

Table I. Primer sequences.

Gene	 Forward primer (5'→3')	 Reverse primer (5'→3')

miR‑126	 ACACTCCAGCTGGGCATTATTACTTTTGGT	 TGTCGTGGAGTCGGCAATTC
RAB3IP	 GTGTCATCTACCGGCCACAC	 CCCTCTGAGCTTTTGCGAGT
U6	 CGCTTCGGCAGCACATATACTA	 ATGGAACGCTTCACGAATTTGC
GAPDH	 GACCACAGTCCATGCCATCAC	 ACGCCTGCTTCACCACCTT

miR, microRNA; RAB3IP, Ras‑related protein RAB3A interacting protein.

Table II. Antibodies used in western blotting.

A, Primary antibody

Antibody	 Supplier	 Cat. no.	 Dilution

Rabbit polyclonal against RAB3IP	 Invitrogen; Thermo Fisher Scientific, Inc.	 PA5‑96927	 1:500
Rabbit monoclonal against GAPDH	 Abcam	 ab181602	 1:5,000

B, Secondary antibody

Antibody	 Supplier	 Cat. no.	 Dilution

HRP‑labeled goat anti‑rabbit IgG (H+L)	 Abcam	 ab6721	 1:10,000

RAB3IP, Ras‑related protein RAB3A interacting protein.
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post hoc test. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Cell viability and miR‑126 expression in the OGD/R model. 
Cell viability was reduced in the Model group compared 
with the NC group (P<0.01), suggesting that the construc‑
tion of the OGD/R model was successful (Fig. 1A). After 
the establishment of the OGD/R model, RT‑qPCR was 
performed to detect miR‑126 expression. The results indi‑
cated that miR‑126 expression levels were downregulated 
in the Model group compared with the NC group (P<0.01; 
Fig. 1B).

miR‑126 regulates cell viability and apoptosis during cerebral 
I/R injury. After transfection with the mimic‑miR, miR‑126 
expression increased compared with the mimic‑NC group 
(P<0.001). There was no difference in miR‑126 expression 
between the Model and the mimic‑NC groups (P>0.05; 
Fig. 2A). These data demonstrated successful transfection.

AV/PI assays demonstrated that apoptosis was signifi‑
cantly reduced in the mimic‑miR group compared with the 
mimic‑NC group (P<0.001). There was no difference in 
apoptosis between the Model and the mimic‑NC groups 
(P>0.05; Fig. 2B and C). Moreover, cell viability was signifi‑
cantly increased in the mimic‑miR group compared with the 
mimic‑NC group (P<0.01), but remained similar between 
the Model and the mimic‑NC groups (P>0.05; Fig.  2D). 

Figure 1. Successful establishment of the oxygen‑glucose deprivation/reoxygenation model, demonstrating increased miR‑126 expression. (A) Relative cell 
viability and (B) miR‑126 expression levels were determined using Cell Counting Kit‑8 assays and reverse transcription‑quantitative PCR, respectively. n=3. 
The data were analyzed using unpaired Student's t‑tests. **P<0.01. NC, negative control; miR‑126, microRNA‑126.

Figure 2. Effect of miR‑126 on cell viability and apoptosis during cerebral ischemia/reperfusion injury. (A) miR‑126 expression levels were determined using 
reverse transcription‑quantitative PCR. (B and C) Apoptosis was examined using AV/PI staining. (D) Cell viability was determined using Cell Counting Kit‑8 
assays. (E and F) Apoptosis was examined using Hoechst/PI staining. The mimic‑NC was used as the NC for mimic‑miR transfection. Untransfected cells 
subjected to oxygen‑glucose deprivation/reoxygenation were also used as an additional control (Model group). n=3. The data were analyzed using one‑way 
ANOVA followed by Tukey's post hoc test. **P<0.01, ***P<0.001. NC, negative control; miR, microRNA; NS, not significant; AV, Annexin V; PI, propidium 
iodide.
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Additionally, Hoechst/PI assays confirmed that apoptosis 
was reduced following mimic‑miR transfection (P<0.01), but 
was similar in the Model and mimic‑NC groups (P>0.05; 
Fig. 2E and F).

miR‑126 downregulates RAB3IP expression during cerebral 
I/R injury. The mRNA (P<0.01) and protein expression levels 
of RAB3IP were downregulated in the mimic‑miR group 
compared with the mimic‑NC group, but similar between the 
Model and the mimic‑NC groups (P>0.05; Fig. 3A and B).

Expression of RAB3IP following transfection. Following 
transfection, RAB3IP expression increased in the OE‑RAB3IP 
group compared with the OE‑NC group (P<0.001). No 
difference in RAB3IP expression was observed between the 
Model and the OE‑NC groups (P>0.05; Fig. S1). These data 
demonstrated successful transfection.

miR‑126 regulates cell viability, apoptosis and cell cycle 
progression during cerebral I/R injury via RAB3IP. In 
order to determine whether miR‑126 exerted neuroprotec‑
tive effects during cerebral I/R injury via RAB3IP, rescue 
experiments were carried out. The mRNA (P<0.001) and 
protein expression levels of RAB3IP were upregulated 
in the OE‑RAB3IP  +  mimic‑NC group compared with 
the OE‑NC  +  mimic‑NC group (P<0.001), as well as in 
the OE‑RAB3IP  +  mimic‑miR group compared with the 
OE‑NC + mimic‑miR group (P<0.01; Fig. 4A and B). However, 
there was no difference in miR‑126 expression between the 
OE‑RAB3IP  +  mimic‑NC and the OE‑NC  +  mimic‑NC 
groups, nor between the OE‑RAB3IP + mimic‑miR and the 
OE‑NC + mimic‑miR groups (both P>0.05; Fig. 4C).

Cell viability was reduced in the OE‑RAB3IP + mimic‑NC 
group compared with the OE‑NC + mimic‑NC group (P<0.001), 
as well as in the OE‑RAB3IP + mimic‑miR group compared 
with the OE‑NC + mimic‑miR group (P<0.001; Fig. 4D).

Furthermore, AV/PI assays suggested that apoptosis was 
significantly increased in the OE‑RAB3IP + mimic‑NC group 
compared with the OE‑NC + mimic‑NC group (P<0.01), as 
well as in the OE‑RAB3IP + mimic‑miR group compared 
with the OE‑NC + mimic‑miR group (P<0.05; Fig. 4E and F). 

Hoechst/PI staining also confirmed these findings 
(Fig. 4G and H).

Cell cycle progression was also analyzed. The number of 
cells in the G0/G1 phase was reduced following mimic‑miR 
transfection compared with the mimic‑NC group (P<0.05). 
By contrast, the number of cells in the S phase increased 
following transfection with the mimic‑miR (P<0.05). 
However, there was no difference in the number of cells 
in the G2 phase (P>0.05; Fig.  S2A  and  B). Moreover, 
the number of cells in the G0/G1 phase was increased 
in the OE‑RAB3IP  +  mimic‑NC group compared with 
the OE‑NC  +  mimic‑NC group (P<0.05), as well as in 
the OE‑RAB3IP + mimic‑miR group compared with the 
OE‑NC  +  mimic‑miR group (P<0.05). The number of 
cells in the S phase was reduced following co‑transfection 
with OE‑RAB3IP  +  mimic‑NC compared with the 
OE‑NC  +  mimic‑NC group (P<0.05). This was also the 
case in the OE‑RAB3IP + mimic‑miR group compared with 
the OE‑NC + mimic‑miR group (P<0.05). There was no 
difference in the number of cells in the G2 phase between 
these groups (all P>0.05; Fig. S2C and D).

Moreover, LDH assays were also carried out, and the 
results demonstrated that LDH release was increased in 
the Model group compared with the NC group, suggesting 
successful construction of the OGD/R model (P<0.01; 
Fig.  S3A). In addition, LDH release was reduced in 
the mimic‑miR group compared with the mimic‑NC 
group (P<0.01), but similar between the Model and 
mimic‑NC groups (P>0.05; Fig.  S3B). Additionally, 
LDH release was increased following co‑transfection 
with OE‑RAB3IP  +  mimic‑NC compared with the 
OE‑NC + mimic‑NC group (P<0.01). This was also true for 
OE‑RAB3IP + mimic‑miR transfection compared with the 
OE‑NC + mimic‑miR group (P<0.01; Fig. S3C).

L u ci fera se  repor ter  a s sa y.  T he  sequences  of 
RAB3IP‑WT, RAB3IP‑MT and miR‑126 are presented 
in Fig.  5A. Relative luciferase activity was decreased in 
the RAB3IP‑WT  +  mimic‑miR group compared with the 
RAB3IP‑WT + mimic‑NC group (P<0.01). However, there 
was no difference in the relative luciferase activity between 

Figure 3. Effect of miR‑126 on RAB3IP expression during cerebral ischemia/reperfusion injury. RAB3IP (A) mRNA and (B) protein expression levels were 
determined using reverse transcription‑quantitative PCR and western blotting, respectively. n=3. The data were analyzed using one‑way ANOVA followed by 
Tukey's post hoc test. **P<0.01. NC, negative control; NS, not significant; RAB3IP, Ras‑related protein RAB3A interacting protein; miR, microRNA.
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RAB3IP‑MT + mimic‑miR and the RAB3IP‑MT + mimic‑NC 
groups (P>0.05; Fig. 5B).

Discussion

To the best of our knowledge, the findings of the present study 
demonstrated for the first time that miR‑126 could reduce the 

effects of OGD/R in SH‑SY5Y cells by targeting RAB3IP. 
These findings may improve our understanding of the patho‑
genesis of cerebral I/R injury and provide novel insights into 
the treatment of this condition.

miR‑126 is a well‑characterized miRNA that plays a crucial 
role in a range of pathological processes, including several 
inflammatory diseases. For example, this miRNA interacts 

Figure 4. miR‑126 regulates cell viability and apoptosis during cerebral ischemia/reperfusion injury via RAB3IP. RAB3IP (A) mRNA and (B) protein expres‑
sion levels were determined using reverse transcription‑quantitative PCR and western blotting, respectively. (C) miR‑126 expression levels. (D) Cell viability. 
(E‑H) Apoptosis was determined using AV/PI and Hoechst/PI assays. n=3. The data were analyzed using one‑way ANOVA followed by Tukey's post hoc 
test. *P<0.05, **P<0.01, ***P<0.001. NS, not significant; RAB3IP, Ras‑related protein RAB3A interacting protein; miR, microRNA; OE, overexpression; NC, 
negative control; AV, Annexin V; PI, propidium iodide.

Figure 5. Dual‑luciferase reporter assays. (A) Sequences of RAB3IP‑WT, ‑MT and miR‑126. (B) Relative luciferase activity in different groups. n=3. The data 
were analyzed using unpaired Student's t‑tests. **P<0.01. NS, not significant; RAB3IP, Ras‑related protein RAB3A interacting protein; miR, microRNA; NC, 
negative control; WT, wild‑type; MT, mutant.
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with the Akt/Rac family small GTPase 1 signaling pathway to 
inhibit inflammatory responses during sepsis (16). Moreover, 
miR‑126 inhibits stromal cell‑derived factor‑1 (SDF‑1) α 
and C‑C motif chemokine ligand 2 expression to inhibit 
the recruitment of inflammatory monocytes into the tumor 
stroma, thereby suppressing breast cancer metastasis  (17). 
Furthermore, miR‑126 targets TNF receptor associated factor 
6 to reduce the expression of pro‑inflammatory cytokines in 
human gingival fibroblasts under high‑glucose conditions (28). 
In addition to its inhibitory function in various inflammatory 
diseases, miR‑126 also serves a role in neuroregulation in 
several nervous system diseases. For example, miR‑126 targets 
RAB3IP to increase 1‑methyl‑4‑phenylpyridine‑induced 
SH‑SY5Y neuronal cell proliferation and reduce apoptosis in 
a model of Parkinson's disease (18). In addition, miR‑126 regu‑
lates the SDF‑1/C‑X‑C chemokine receptor (CXCR)7 pathway 
to promote post‑stroke angiogenesis of endothelial progenitor 
cell transplantation (29).

Furthermore, miR‑126 has emerged as a critical 
regulatory molecule during I/R injury. For example, hema‑
topoietic miR‑126 is related to stromal cell‑derived factor 
1/CXCR4‑dependent vasculogenic progenitor cell mobiliza‑
tion to promote vascular integrity, thereby protecting against 
renal I/R injury  (30). In addition, miR‑126 promotes Nrf2 
expression to reduce oxidative stress and renal I/R injury (19). 
miR‑126 also decreases oxidative stress and apoptosis from 
myocardial I/R injury by targeting epidermal growth factor 
receptor feedback inhibitor 1  (20). Despite the protective 
effect of miR‑126 against I/R injury in several organs, limited 
evidence is available regarding its role during cerebral I/R 
injury. As miR‑126 can inhibit inflammation in neuronal cells, 
it was hypothesized that miR‑126 may exert a protective role in 
cerebral I/R injury. In the present study, an OGD/R model was 
established in order to simulate cerebral I/R injury in vitro. 
miR‑126 expression was downregulated in the OGD/R model. 
It is possible that miR‑16 binds to several genes to decrease 
oxidative stress and reduce miR‑126 expression. In order to 
further explore the effect of miR‑126 on cell viability and 
apoptosis during cerebral I/R injury, miR‑126 mimic trans‑
fection was carried out in SH‑SY5Y cells, which were then 
subjected to OGD/R treatment. The results demonstrated that 
miR‑126 could promote cell viability during OGD/R, whilst 
inhibiting apoptosis. This suggested that miR‑126 could protect 
SH‑SY5Y cells in this model of I/R injury. The probable 
explanations were that: i) miR‑126 could interact with multiple 
genes and pathways to promote cell viability and suppress 
apoptosis (19,31); ii) miR‑126 increased cell viability following 
OGD/R, but decreased apoptosis by targeting several genes 
(including RAB31P), which subsequently contributed to its 
the inhibitory effect on I/R injury; and iii) miR‑126 regulated 
several genes and interacted with multiple signaling pathways 
to inhibit the inflammatory response, thereby decreasing 
inflammatory‑induced neuronal injury and exerting neuropro‑
tective effects during cerebral I/R injury (16,17).

RAB3IP, also known as Rabin 8, is a Rab‑specific guanine 
nucleotide exchange factor (GEF) and a major activator of 
Rab proteins, which is directly regulated by Rab11 and is 
involved in multiple biological processes, including neuronal 
development (32). For example, a previous study suggested 
that RAB3IP regulates nerve growth factor‑induced neurite 

outgrowth by interacting with Rab8, Rab10, Rab11 or through 
a GEF‑independent mechanism (33). Another study demon‑
strated that RAB3IP was predominantly enriched in the Golgi 
apparatus in soma and proximal dendrites, where it regulates 
Rab8 function to form and/or deliver post‑Golgi vesicles to 
the dendritic membrane, thereby promoting synapse develop‑
ment and increasing spine head diameter (34). In addition, 
RAB3IP inhibits cell proliferation, but promotes apoptosis 
in Parkinson's disease (21). Considering the important role 
of RAB3IP in neuronal development, it was hypothesized 
in the present study that miR‑126 targeted RAB3IP to exert 
beneficial effects on neuronal cells during cerebral I/R injury.

In order to validate this hypothesis, rescue experiments 
were performed, which revealed that miR‑126 attenuated 
the OGD/R‑induced cell apoptosis, possibly via RAB3IP. 
Moreover, in a dual‑luciferase reporter assay, miR‑126 was 
shown to interact with RAB3IP. Thus, miR‑126 might regu‑
late the protein expression of RAB3IP by directly binding to 
RAB3IP mRNA, thereby regulating cell viability, apoptosis 
and cell cycle progression in the present cerebral I/R injury 
model (Fig.  S4). Although the present study focused on 
exploring the underlying mechanism of miR‑126/RAB3IP 
modulation of cellular function after cerebral I/R injury, addi‑
tional in vivo experiments are needed to validate the findings. 
When detecting cell viability using CCK‑8 and MTT assays, 
cell proliferation may affect the accuracy of the results of cell 
viability. However, an LDH assay was used to overcome this 
limitation.

In conclusion, miR‑126 protected against I/R‑induced 
cerebral injury by targeting RAB3IP. These findings offer a 
novel perspective for the underlying mechanism of cerebral 
I/R injury and may provide valuable insight for the develop‑
ment of potential prevention strategies against cerebral I/R 
injury.
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