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ABSTRACT
Cerebral ischemia-reperfusion injury imposes a clinical challenge for physicians in the wake of 
ischemic stroke. Meanwhile, recent evidence has come to light eliciting the neuroprotective 
function of SNHG16 in cerebrovascular diseases. Accordingly, the current study sought to analyze 
the regulatory mechanism of long non-coding RNA small nucleolar RNA host gene16 (SNHG16) in 
oxidative stress (OS) injury and cell inflammation. Firstly, models of oxygen-glucose deprivation 
and reoxygenation (OGD/R) were established in SK-N-SH cells. Cell proliferation and apoptosis 
were appraised using cell counting kit-8 and flow cytometry. Additionally, SNHG16, X-linked 
inhibitor of apoptosis protein (XIAP), microRNA (miR-421), reactive oxygen species (ROS), lactate 
dehydrogenase (LDH), malondialdehyde (MDA), superoxide dismutase (SOD), tumor necrosis 
factor -α, interleukin (IL)-1β, and IL-10 expression patterns were determined. In addition, we 
determined and validated the subcellular localization of SNHG16 and the binding relationships 
between SNHG16 and miR-421, and miR-421 and XIAP. It was found that SNHG16 was poorly- 
expressed in OGD/R-treated cells. On the other hand, SNHG16 over-expression enhanced cell 
proliferation, inhibited apoptosis, and alleviated OS and cell inflammation. Furthermore, SNHG16 
bound to miR-421 to facilitate the expression of XIAP. Up-regulation of miR-421 or down- 
regulation of XIAP could reverse the suppressive effects of SNHG16 on OS and cell inflammation. 
Collectively, our findings indicated that SNHG16 bound to miR-421 to facilitate XIAP expression, 
thus alleviating OS injury and inflammation in OGD/R-induced SK-N-SH cells.
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Introduction

Stroke remains one of the leading cerebrovascular 
diseases with high disability and mortality rates, 
negatively affecting the healthy lives of more than 
13 million people worldwide [1]. Moreover, 
ischemic stroke represents the major subtype of 
stroke, accounting for appropriately 80% of all 
cases, while resulting from obstruction of the 
blood clot and subsequent oxygen and glucose 
deficits [2,3]. Meanwhile, reperfusion signifies the 
process of increasing blood supply to ischemic 
lesions but associated with a series of secondary 
injuries, such as oxidative stress (OS), local inflam-
mation, and cell death, which is described as ische-
mia-reperfusion (I/R) injury [4]. The last few 
decades have greatly augmented our understand-
ing of the molecular mechanism of cerebral I/R 
injury and treatments, ranging from hypothermia 

therapy to therapies targeting inflammation, acti-
vated platelet receptors, and calcium influx, all of 
which exhibit neuroprotective efficacy to a certain 
extent [3]. Nevertheless, there are limitations to 
current clinical management regimens, and 
advanced therapeutics remains to be investigated.

Long non-coding RNAs (lncRNAs), a class of 
ncRNAs with a length of more than 200 nt, are 
known to confer a regulatory role in brain develop-
ment and I/R injury [5,6]. In a similar light, lncRNA 
small nuclear RNA host gene 16 (SNHG16), derived 
from chromosome 17q25.1, is well-documented for 
its oncogenic property in numerous types of malig-
nancies [7,8]. Furthermore, recent studies have 
uncovered the ability of SNHG16 to protect neurons 
from ketamine neurotoxicity [9], while also under-
going targeting by dexmedetomidine to exert 
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neuroprotective function [10]. What’s more, a prior 
study documented that SNHG16 was decreased in 
response to cerebral I/R injury, such that its supple-
mentation could potently suppress I/R injury-induced 
cell apoptosis [11]. However, the underlying regula-
tory role of SNHG16 in OS and inflammation post- 
cerebral I/R injury requires further exploration.

The well-established competing endogenous 
RNA (ceRNA) mechanism refers to a regulatory 
network, wherein lncRNAs regulate the expres-
sions of its downstream message RNA (mRNA) 
by sponging its target microRNAs (miRNA) [12]. 
Interestingly, SNHG16 was previously reported to 
function as a ceRNA in cerebral I/R injury via 
repression of miR-183 [13]. Furthermore, various 
miRNAs, representing short ncRNAs with a length 
of about 70 nt, are further involved in the epige-
netic regulation of cerebral I/R injury, such as 
miR-211 and miR-30 c-5p [14,15]. Another such 
miRNA, namely miR-421, was recently indicated 
to be capable of potentiating neurotoxicity and 
neuronal death in Parkinson’s Disease [16]. In 
addition, miR-421 is aberrantly expressed in cere-
bral I/R injury, and further associated with cell 
apoptosis and oxidative stress post-cerebral I/R 
injury [17]. Herein, initial database prediction 
and dual-luciferase reporter assay in the current 
study indicated that X-linked inhibitor-of- 
apoptosis protein (XIAP) served as a target of 
miR-421. XIAP is further regarded as an endogen-
ous inhibitor of caspases, which restricts the acti-
vation of pro-apoptosis proteins and the 
production of inflammasomes [18]. Additionally, 
XIAP has been indicated to play a suppressive role 
in infarct expansion, neurological dysfunction, and 
neuronal apoptosis, thereby participating in pre-
conditioning treatment of cerebral I/R injury 
[19,20]. Nonetheless, the crosstalk of SNHG16 
and miR-421/XIAP in cerebral I/R injury has not 
been reported at home or abroad.

Based on the preceding evidence, we hypothesized 
that SNHG16 acts as a ceRNA to regulate OS injury 
and inflammation post-cerebral I/R injury via mod-
ulation of the miR-421/XIAP axis. Accordingly, we 
established a cell model of oxygen-glucose depriva-
tion/reperfusion (OGD/R) to mimic the cerebral I/R 
injury. In this way, the current study sought to 
uncover the therapeutic value of SNHG16 in OGD/ 
R-induced OS injury and inflammation and provide 

novel targets for the efficacious treatment of post- 
cerebral I/R injury.

Methods and Materials

Ethics statement

The current study was carried out with the approval of 
the Ethics committee of Shanghai Tenth People’s 
Hospital.

Cell culture and transfection

Referring to previously published literature [21], SK- 
N-SH cells (ATCC, Manassas, VA, USA) were placed 
in Dulbecco’s modified Eagle medium (DMEM) 
(Invitrogen, Carlsbad, CA, USA) (containing 10% 
fetal bovine serum and 100 U/mL penicillin/strepto-
mycin) with humidified air of 37°C and 5% CO2 for 
48 h. Next, the SK-N-SH cells were seeded into 6-well 
plates at a density of 6 × 104 cells/cm2, followed by 
transfection with 2 μg pCDNA3.1-SNHG16 
(Genecopoeia, Guangzhou, China), 100 nM miR- 
421 mimic (Thermo Fisher Scientific, Waltham, 
MA, USA), 50 nM si-XIAP-1 and si-XIAP-2 
(Shanghai BGI Technology Co., LTD, Shanghai, 
China) and equal volumes of corresponding negative 
controls using the Lipofectamine 2000 reagent 
(Invitrogen, Carlsbad, CA, USA). Prior to OGD/R 
treatment, the cells were cultured for 48 consecutive 
h, and the transfection efficiency was analyzed by 
means of reverse transcription quantitative polymer-
ase chain reaction (qRT-PCR). Subsequently, the 
transfected cells were deprived of the normal med-
ium, rinsed with phosphate buffer saline (PBS) 3 
times, and cultured in serum/glucose-free DMEM. 
Afterward, the cells were placed in a hypoxic chamber 
(containing 95% N2 and 5% CO2) and then cultured 
under normal conditions for 12 h to induce OGD/R 
injury. Simultaneously, control cells were cultured at 
37°C with 5% CO2 in air without any special 
treatment.

Cell viability assay

In accordance with previously published literature 
[22], cell viability of the above-mentioned cells was 
assessed using cell counting kit-8 (CCK-8) (Dojindo 
Laboratories, Kumamoto, Japan). Briefly, the cell 
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suspension was seeded into 96-well plates (at a density 
of 5000 cells/well) and placed in a humidified incu-
bator at 37°C with 5% CO2 in air. At the 0 h, 24 h, 
36 h, 48 h, and 60 h time intervals, the plates were 
added with 10 μL CCK-8 solution, followed by 
1 h-incubation at 37°C. Afterward, the absorbance 
values at a wavelength of 450 nm were measured 
using a microplate reader (Dojindo Laboratories).

Flow cytometry

Referring to previously published literature [21], 
cell apoptosis of the above-mentioned cells was 
assessed using flow cytometry with the help of 
Annexin V/PI kits (Biouniquer, Beijing, China). 
Briefly, the cells were harvested and rinsed with 
precooled PBS twice. Next, the cells were resus-
pended in the binding buffer and stained with 
Annexin V-FITC and propidium iodide for 
30 min in conditions void of light at room tem-
perature. Flow cytometry was performed using the 
Coulter® EPICS XL instrument (Beckman Coulter, 
Fullerton, CA, USA). Apoptosis rate was analyzed 
with the Flowing version 2.5.1 software (Turku 
Bioscience, Turku, Finland) and Origin version 8 
software (OriginLab, Northampton, MA, USA).

Reactive oxygen species (ROS) production assay

Transfected cells were added with 10 μM DCFH-DA 
(Beyotime Institute of Biotechnology, Beijing, 
China), followed by immersion in a water bath at 
37°C for 30 min. In accordance with previously 
published literature [23], ROS activity was analyzed 
using the ImageJ version 6.0 software (National 
Institutes of Health, Bethesda, MD, USA). A total 
of 5 randomly selected wells were observed under 
a fluorescence microscope (Nikon, Tokyo, Japan).

Key protein activity assay

Referring to previously published literature [24], cell 
supernatants of different treatment groups were col-
lected. In accordance with the manufacturer’s pro-
tocol, lactate dehydrogenase (LDH) activity in cell 
supernatant was detected using LDH assay kits 
(ab102526, Abcam, Cambridge, UK), while malon-
dialdehyde (MDA) levels were measured using lipid 
peroxidation (MDA) assay kits (ab118970, Abcam) 

and superoxide dismutase (SOD) activity was mea-
sured using a SOD assay (500–100-K, R&D System, 
Inc., Minneapolis, MN, USA).

Enzyme-linked immunosorbent assay

In accordance with previously published literature 
[25], levels of tumor necrosis factor (TNA)-α and 
interleukin (IL)-1β were determined using TNF 
alpha Human ELISA kits (KHC3013, Thermo 
Fisher Scientific) and Human IL-1 beta Quantikine 
ELISA kits (201-LB, R&D SYSTEMS), respectively. 
Additionally, IL-10 levels were determined with IL- 
10 Human ELISA kits (Thermo Fisher Scientific) 
following the manufacturer’s instructions.

qRT-PCR

Referring to previously published literature [26], total 
RNA content was extracted from the above- 
mentioned cells using the TRlzol reagent 
(Invitrogen). The obtained RNA and miRNA were 
reverse-transcribed into the complementary DNA 
using iScript Cdna synthesis kits (Bio-Rad, Hercules, 
CA, USA) and TaqMan™ MicroRNA reverse tran-
scription kits (94,366,596, Thermo Fisher Scientific), 
respectively. Real-time quantitative PCR was subse-
quently performed using SYBR™ Green PCR 
(4,309,155, Thermo Fisher Scientific) and an ABI 
7500 fast real-time PCR system (ABI, Inc., Foster 
City, CA, USA). U6 and GAPDH were adopted as 
the endogenous controls, and the relative gene 
expression was measured using the 2−ΔΔCt method. 
Primers of qRT-PCR were shown in Table 1.

Bioinformatics analysis

Subcellular localization of SNHG16 was predicted 
using the LncATLAS website (http://lncatlas.crg. 
eu) [27]. Additionally, the downstream target 
miRNAs of lncRNA SNHG16 were analyzed with 
the help of the LncBase v.2 website (http://caro 
lina.imis.athena-innovation.gr/diana_tools/web/ 
index.php?r=lncbasev2%2Findex) [28] and the 
StarBase website (http://starbase.sysu.edu.cn/) 
[29]. Furthermore, the target genes of miR-421 
were analyzed using the TargetScan (http://www. 
targetscan.org/) [30], RNA22 (https://cm.jefferson. 
edu/rna22/Interactive/) [31], StarBase and 
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miRTarBase (http://mirtarbase.cuhk.edu.cn/php/ 
index.php) [32].

Nuclear/Cytosol fractionation assay

PARIS kits (AM1921, Thermo Fisher Scientific, 
Waltham, MA, USA) were adopted for the separa-
tion of nuclear and cytoplasmic components. 
Referring to previously published literature [33], 
SK-N-SH cells were collected, rinsed with PBS, 
and placed on ice. Subsequently, the cells were 
resuspended with an ice-cold cell fractionation 
buffer and cultured on ice for 10 min. Following 
centrifugation, the supernatant was discarded and 
the remaining part was nuclear particles. The 
TRIzol reagent (Invitrogen) was adopted for the 
extraction of nuclear and cytoplasmic RNA, and 
the M-MLV assay kits (28,025,013, Thermo Fisher 
Scientific) were utilized for reverse transcription. 
SNHG16 expression patterns in the nuclei and 
cytoplasm were detected using qRT-PCR, with 
serving GAPDH and U6 as controls.

Dual-luciferase reporter assay

Referring to previously published literature [34], 
the wild type (WT) SNHG16 sequence or WT 
XIAP mRNA 3ʹUTR fragments containing the 
miR-421 binding sites were amplified and inserted 
into pmirGLO dual-luciferase miRNA target 
expression vectors (Promega, Madison, WI, USA) 
to construct pmirGLO-SNHG16-WT and 
pmirGLO-XIAP-WT vectors. Mutation (MUT) of 
SNHG16 or XIAP 3ʹUTR containing the miR-421 
binding sites was processed using a GeneArtTM 
site-directed mutagenesis system (A14604, 
Thermo Fisher Scientific). Subsequently, 
SNHG16-MUT or XIAP 3ʹUTR-MUT were 
inserted into the pmirGLO to construct pmirGLO- 
SNHG16-MUT and pmirGLO-XIAP-MUT. The 

aforementioned vectors and miR-421 mimic or 
mimic NC were co-transfected into SK-N-SH 
cells, followed by 48-h of incubation. Afterward, 
luciferase activity was measured using a dual- 
luciferase reporter determination system 
(Promega).

RNA pull-down assay

In accordance with previously published 
research [35], SK-N-SH cells (N = 6 × 106) 
were cultured at 37°C for 24 h, followed by 
transfection with biotinylated miR-421 and its 
control (Guangzhou RiboBio Co., Ltd, 
Guangzhou, China). Following OGD/R treat-
ment and 48-h of oxygen enrichment, total 
RNA content was extracted using the TRlzol 
reagent (Invitrogen). Subsequently, the biotiny-
lated RNA was absorbed with M-280 chain- 
typed magnetic beads (Invitrogen), and then 
the magnetic beads were rinsed with hypersa-
line buffer (containing 1% Triton X-100, 0.1% 
SDS, 20 mM Tris-HCl (pH 8.0), 2 mM ethylene 
diamine tetraacetic acid; 500 mM NaCl). Lastly, 
RNA expression patterns were detected using 
qRT-PCR.

Western blot assay

Referring to previously published literature 
[25], total protein content was extracted from 
the above-mentioned cells using Radio 
Immunoprecipitation Assay lysis containing 
protease and phosphatase inhibitors, and the 
concentration was quantified with the help of 
bicinchoninic acid protein detection kits 
(Nanjing Jiancheng Bioengineering Institute, 
Nanjing, Jiangsu, China). Subsequently, 50 μg 
protein was isolated in sodium dodecyl sulfate 
gel and transferred to polyvinylidene fluoride 
membranes. Next, the membranes were 
blockaded with Tris buffer containing 0.05% 
Tris Buffered Saline Tween and 5% skim milk 
and incubated with the primary antibodies 
XIAP (dilution ratio of 1:1000; ab21278; 
Abcam) and β-actin (dilution ratio of 1:5000; 
ab6276; Abcam) at 4°C overnight, followed by 
incubation with the secondary antibody IgG 
(dilution ratio of 1:5000; ab205719; Abcam) at 

Table 1. qPCR primers.
Gene Forward Primer (5ʹ-3ʹ) Reverse Primer (5ʹ-3ʹ)
LncRNA 

SNHG16
GCGTTCTTTTCGAGGTCGGCCG TGACGGTAGTTTCCCAAG

miR-421 GCCGAGCGCGGGUUAAUUACA CTCAACTGGTGTCGTGGA
XIAP CAAGAGAAGATGACTTTTAAC TTAAGACATAAAAATTT
U6 CTCGCTTCGGCAGCACAT AACGCTTCACGAATTTGCGT
GAPDH GCACCGTCAAGGCTGAGAAC TGGTGAAGACGCCAGTGGA
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Figure 1. SNHG16 was poorly expressed upon OGD/R and its overexpression attenuated OSI and cell inflammation post-OGD/R. The 
cerebral I/R cell model was established with normally cultured SK-N-SH cells as the control. a: SNHG16 expression detected via qRT- 
PCR; b: Cell proliferation assessed via CCK-8; c: Cell apoptosis assessed via flow cytometry; d: ROS level measured via fluorescence 
labeling; e-g: LDH, MAD, and SOD activities determined via corresponding assay kits; h: TNF-α, IL-1β, and IL-10 concentrations 
determined via ELISA. Cell experiments were performed 3 times independently and data were exhibited as mean ± SD. Data in 
figures A, C, D, E, F, and G were analyzed using one-way ANOVA and data in figures B and H were analyzed using two-way ANOVA, 
followed by Tukey’s multiple comparison test. * P < 0.05; ** P < 0.01; ***P < 0.001.
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room temperature for 1 h. The antigen/anti-
body complex was detected with an enhanced 
chemiluminescence reagent. The relative 
expression patterns of proteins were analyzed 
using the Image J software (National Institutes 
of Health, Bethesda, ML, USA).

Statistical analysis

Data analyses and graphing were processed using the 
SPSS21.0 statistical software (IBM Corp, Armonk, 
NY, USA) and GraphPad Prism 8.0 software 
(GraphPad Software Inc., San Diego, CA, USA). 
Measurement data were exhibited as mean ± standard 
deviation (SD) and conformed to normal distribution 
and homogeneity of variance. The t test was adopted 
for pairwise comparisons. One-way or two-way ana-
lysis of variance (ANOVA) was appointed for multi- 
group comparisons, followed by Tukey’s multiple 
comparison test for posttest data. P value was 

obtained from two-tailed tests, and a value of 
P < 0.05 was regarded statistically significant.

Results

The current study was initiated with the estab-
lishment of cerebral I/R cell models in SK-N-SH 
cells using OGD/R treatment and transfection 
with SNHG16 over-expression vector into SK- 
N-SH cells. Subsequent findings revealed that 
SNHG16 was poorly-expressed in OGD/ 
R-treated SK-N-SH cells, whereas SNHG16 over- 
expression alleviated OGD/R-induced OS injury 
and cell inflammation. Additionally, we explored 
the downstream mechanism of SNHG16 and 
found that SNHG16 as a ceRNA bound to 
miR-421 to up-regulate the expression of XIAP, 
thus alleviating OGD/R-induced OS injury and 
cell inflammation.

Figure 2. SNHG16 inhibited miR-421 expression. a: Subcellular localization of SNHG16 predicted via the LncATLAS website (http:// 
lncatlas.crg.eu/); b: Subcellular localization of SNHG16 testified via the nuclear/Cytosol fractionation assay; c: Downstream miRNAs of 
SNHG16 predicted via the LncBase v.2 and Starbase websites, and the Venn diagram was plotted; d-e: The binding of SNHG16 and 
miR-421 verified via dual-luciferase reporter assay (d) and RNA pull-down assay (e); F: miR-421expression detected via qRT-PCR. Cell 
experiments were performed 3 times independently and data were exhibited as mean ± SD. Data in figure E were analyzed using 
t test. Data in figure F were analyzed using one-way ANOVA and data in figure D were analyzed using two-way ANOVA, followed by 
Tukey’s multiple comparison test. * P < 0.05; ** P < 0.01; ***P < 0.001.
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SNHG16 was poorly-expressed upon OGD/R and 
its overexpression attenuated OS injury and cell 
inflammation post-OGD/R

Existing evidence indicates that SNHG16 is weakly- 
expressed in cerebral I/R injury, whereas its overex-
pression could promote cell survival and inhibit apop-
tosis [11]. Accordingly, cerebral I/R cell models were 
established via OGD/R treatment in human neuro-
blastoma cells SK-N-SH. It was found that SNHG16 
expression levels were lower in OGD/R-treated cells 
compared to those in control cells (P < 0.05, 
Figure 1a). Presumably, SNHG16 plays a crucial role 
in the OGD/R injury of SK-N-SH cells. Following 
OGD/R treatment, SK-N-SH cell proliferation poten-
tial was abated (P < 0.05, Figure 1b), apoptosis rate 
was elevated (P < 0.05, Figure 1c), ROS, LDH and 
MDA levels were increased (P < 0.05, Figure 1d-f), 

SOD activity was diminished (P < 0.05, Figure 1g), 
TNF-α and IL-1β levels were augmented, while IL-10 
concentration was found to be decreased (P < 0.05, 
Figure 1h). To further confirm whether SNHG16 
could regulate OS injury and cell inflammation post- 
OGD/R, OGD/R-treated SK-N-SH cells were treated 
with pcDNA3.1-NC and pcDNA3.1-SNHG16 
(P < 0.05, Figure 1a). Altogether, the aforementioned 
findings indicated that SNHG16 overexpression atte-
nuated OGD/R-induced OS injury and cell inflam-
mation (P < 0.05, Figure 1b-h).

SNHG16 inhibited miR-421 expression

To further probe the molecular mechanism of 
SNHG16 in cerebral I/R injury, the LncATLAS 
website (http://lncatlas.crg.eu/) was utilized to 

Figure 3. miR-421 upregulation partly reversed the alleviating role of SNHG16 in OSI and cell inflammation post-OGD/R. miR-421 
mimic was transfected into oe-SNHG16-treated SK-N-SH cells with mimic NC as the control. a: The transfection efficiency of miR-421 
detected via qRT-PCR; b: ROS level measured via fluorescence labeling; c-e: LDH, MAD and SOD activities determined via 
corresponding assay kits; f: TNF-α, IL-1β, and IL-10 concentrations determined via ELISA. Cell experiments were performed 3 
times independently and data were exhibited as mean ± SD. Data in figures A, B, C, D, and E were analyzed using one-way 
ANOVA and data in figure F were analyzed using two-way ANOVA, followed by Tukey’s multiple comparison test. * P < 0.05; ** 
P < 0.01; ***P < 0.001.
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predict the subcellular localization of SNHG16, 
which indicated that SNHG16 was located in 
the cytoplasm (Figure 2a). Subsequent nuclear/ 
cytosol fractionation assay further confirmed 
that SNHG16 was primarily expressed in the 
cytoplasm (Figure 2b), suggesting that 
SNHG16 could potentially act as a ceRNA to 
play a role in cerebral I/R injury. Accordingly, 
downstream miRNAs of SNHG16 were pre-
dicted using the LncBase v.2 and StarBase web-
sites and their intersections were identified 

(Figure 2c). Then, we focused on miR-421. 
Prior research has evidenced that miR-421 is 
highly expressed in cerebral I/R injury, such 
that down-regulation of miR-421 can alleviate 
cerebral I/R injury [17]. Furthermore, the bind-
ing relationship of SNHG16 and miR-421 was 
validated by means of dual-luciferase reporter 
assay and RNA pull-down assay (P < 0.05, 
Figure 2d, e). It was observed that miR-421 
was up-regulated in OGD/R-treated cells, 
whereas SNHG16 over-expression diminished 

Figure 4. miR-421 inhibited XIAP expression. a: Downstream target genes of miR-421 predicted via the Starbase, TargetScan, RNA22 
and miRTarBase websites; b: The binding of miR-421 and XIAP testified via the dual-luciferase reporter assay; c: mRNA and protein 
levels of XIAP detected via qRT-PCR and Western blotting. Cell experiments were performed 3 times independently and data were 
exhibited as mean ± SD. Data in figure C were analyzed using one-way ANOVA and data in figure B were analyzed using two-way 
ANOVA, followed by Tukey’s multiple comparison test. * P < 0.05; ** P < 0.01; ***P < 0.001.

5028 X. CAO ET AL.



Figure 5. Silencing XIAP partly reversed the alleviating role of SNHG16 in OS injury and cell inflammation post-OGD/R. SK- 
N-SH cells were transfected with si-XIAP-1 and XIAP-2 with si-NC as the control. a: The transfection efficiency of si-XIAP-1 
and XIAP-2 detected via qRT-PCR and Western blotting; si-XIAP-1 with better transfection efficacy was selected to do joint 
experiments with oe-SHNG15; b: ROS level measured via fluorescence labeling; c-e: LDH, MAD, and SOD activities determined 
via corresponding assay kits; F: TNF-α, IL-1β, and IL-10 concentrations determined via ELISA. Cell experiments were 
performed 3 times independently and data were exhibited as mean ± SD. Data in figures A, B, C, D, and E were analyzed 
using one-way ANOVA, and data in figure F were analyzed using two-way ANOVA, followed by Tukey’s multiple comparison 
test. * P < 0.05; ** P < 0.01; ***P < 0.001.
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miR-421 expression levels in OGD/R-treated 
cells (P < 0.05, figure 2f). Together, these find-
ings indicated that SNHG16 could inhibit the 
expression of miR-421.

miR-421 up-regulation partly reversed the 
alleviating role of SNHG16 in OS injury and cell 
inflammation post-OGD/R

Furthermore, oe-SNHG16-treated SK-N-SH cells 
were transfected with miR-421 mimic (P < 0.05, 
Figure 3a). Subsequent results showed that com-
pared with the oe-SNHG16 group, miR-421 up- 
regulation facilitated the production of ROS levels 
(P < 0.05, Figure 3b), enhanced the activity of 
LDH and MDA (P < 0.05, Figure 3c, d), reduced 
the SOD activity (P < 0.05, Figure 3e), elevated 
concentrations of TNF-α and IL-1β and dimin-
ished that of IL-10 (P < 0.05, figure 3f). 
Collectively, these findings indicated that miR- 
421 up-regulation reversed the alleviating role of 
SNHG16 in OS injury and cell inflammation post- 
OGD/R to some extent.

miR-421 inhibited XIAP expression

To further analyze the downstream mechanism of 
miR-421, we predicated the downstream target 
genes of miR-421through the StarBase, TargetScan, 

RNA22, and miRTarBase databases (Figure 4a). 
Subsequently, we focused our efforts on the XIAP 
gene. Interestingly, XIAP was previously demon-
strated to be weakly expressed in cerebral I/R, while 
its over-expression could protect murine neurons 
from cerebral I/R injury [20]. Herein, XIAP was iden-
tified as a downstream gene of miR-421 through the 
dual-luciferase reporter assay (P < 0.05, Figure 4b). 
Additionally, OGD/R treatment brought about 
marked suppression of XIAP expression in SK- 
N-SH cells, while the mRNA and protein levels of 
XIAP were augmented upon SNHG16 over- 
expression and reduced again upon miR-421 up- 
regulation (P < 0.05, Figure 4c). Together, these find-
ings indicated that miR-421 inhibited the expression 
of XIAP.

Silencing XIAP partly reversed the alleviating role 
of SNHG16 in OS injury and cell inflammation 
post-OGD/R

Lastly, in an effort to confirm the effects of XIAP 
on OS injury and cell inflammation post-OGD/R 
injury, SK-N-SH cells were transfected with si- 
XIAP-1 and si-XIAP-2 to down-regulate XIAP 
expression (P < 0.05, Figure 5a). Given the better 
transfection efficacy of si-XIAP-1, we selected si- 
XIAP-1 for the joint experiments with oe- 
SNHG16. Compared with the oe-SNHG16 group, 

Figure 6. Mechanism of SNHG16 in OS injury and cell inflammation post-OGD/R. SNHG16 comparatively bound to miR-421 to inhibit 
the binding of miR-421 and XIAP and to further facilitate XIAP expression, thereby attenuating OS injury and cell inflammation post- 
OGD/R.
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silencing XIAP promoted ROS levels (P < 0.05, 
Figure 5b), enhanced the activity of LDH and 
MDA (P < 0.05, Figure 5c, d), weakened the 
SOD activity (P < 0.05, Figure 5e), elevated con-
centrations of TNF-α and IL-1β and reduced those 
of IL-10 (P < 0.05, figure 5f). Collectively, the 
aforementioned findings indicated that silencing 
XIAP partly reversed the alleviating role of 
SNHG16 in OS injury and cell inflammation post- 
OGD/R.

Discussion

Cerebral I/R injury imposes a major clinical obsta-
cle for physicians in the wake of ischemic stroke 
and is further predominantly characterized by OS 
injury and inflammation [36]. Interestingly, there 
is a plethora of evidence implicating the ceRNA 
network comprising lncRNA, miRNA, and 
mRNA, in the pathogenesis of cerebral I/R injury 
[37,38]. Expanding our knowledge on the same, 
the current study evidenced that SNHG16 compe-
titively binds to miR-421 to promote XIAP tran-
scription, thereby alleviating OS and inflammation 
post-OGD/R.

Long non-coding RNAs (lncRNAs) are well- 
established to play a crucial role in the adverse 
outcomes associated with I/R injury, such as 
ischemic neuronal death, inflammation, OS injury, 
and neurological deficits [6]. Interestingly, one 
such lncRNA, namely SNHG11, was previously 
shown to be activated by OGD/R treatment, 
further leading to an increased apoptosis rate of 
neurons [39]. In addition, prior studies have docu-
mented reduced levels of SNHG16 in neurons with 
I/R injury, such that SNHG16 over-expression 
could suppress neuronal apoptosis after cerebral 
I/R injury [11]. Herein, we set out with the estab-
lishment of OGD/R cell models and found that 
SNHG16 was down-regulated upon modeling. 
Additionally, OGD/R injury is known to precipi-
tate both OS injury and inflammation, which are 
manifested by the over-production of ROS, LDH, 
MDA, TNF-α, and IL-1β and diminished release of 
SOD and IL-10 [40,41]. Consistently, our findings 
illustrated that OGD/R treatment brought about 
a reduction in cell proliferation, while strengthen-
ing apoptosis and inflammation and OS injury, as 
evidenced by increased ROS, LDH, MDA, TNF-α, 

and IL-1β and decreased contents of SOD and IL- 
10. Moreover, existing evidence suggests that 
SNHG16 down-regulation can facilitate hydrogen 
peroxide-mediated OS injury of human retinal 
microvascular endothelial cells via modulation of 
the miR-195/mitofusin 2 axis [42]. In a similar 
manner, SNHG16 possesses the ability to quench 
lipopolysaccharide-induced inflammation via 
sponging miR-15a/16 to promote Toll-like 
Receptor 4 [43]. Furthermore, prior studies have 
illustrated the innate potential of SNHG16 to sup-
press I/R injury-induced apoptosis of human brain 
microvascular endothelial cells [35], while also 
being capable of improving the survival rate of 
cardiomyocytes post-myocardial I/R injury [44]. 
In line with the aforementioned evidence, our 
findings indicated that over-expression of 
SNHG16 enhanced proliferation and inhibited 
apoptosis and inflammation, and OS injury caused 
by OGD/R treatment.

What’s more, new evidence has come to light 
illustrating that SNHG16 functions as a ceRNA 
to play roles in cerebral I/R injury by virtue of 
sponging its target miRNA [13]. Herein, with 
the help of online database prediction and 
nuclear/cytosol fractionation assay, we testified 
that SNHG16 was primarily located in the cyto-
plasm, underscoring that SNHG16 could indeed 
function as a ceRNA. Subsequently, we vali-
dated the binding relationship between miR- 
421 and SNHG16 via dual-luciferase reporter 
and RNA pull-down assays, such that miR-421 
was suppressed by over-expression of SNHG16. 
In addition, the study carried out by Dong et al. 
highlighted that miR-421 could enhance neuro-
toxicity and neuronal death in Parkinson’s 
Disease [16]. More importantly, miR-421 was 
previously found to be aberrantly expressed in 
cerebral I/R injury, while also being associated 
with cell apoptosis and OS post-cerebral I/R 
injury [17]. To further explore the role of 
miR-421 in cerebral I/R injury, we up- 
regulated miR-421 in OGD/R-treated cells in 
the oe-SNHG16 group and uncovered that 
miR-421 up-regulation resulted in enhanced 
OS injury and aggravated inflammation, as 
manifested by increased ROS, LDH, MDA, 
TNF-α, and IL-1β concentrations and decreased 
SOD and IL-10 levels. Accordingly, high 

BIOENGINEERED 5031



expressions of miR-421 were previously asso-
ciated with aggravated lung inflammation in 
bronchopulmonary dysplasia and increased 
risk of inflammation in patients with metabolic 
syndrome [45,46]. On the other hand, another 
research revealed that depletion of miR-421 
could alleviate hypoxia/reoxygenation-induced 
OS via up-regulation of Sirtuin-3 [47]. 
Moreover, miR-421 can further potentiate 
autophagy and apoptosis of cardiomyocytes, 
consequently aggravating myocardial I/R injury, 
which is also in accordance with our findings 
[48]. In lieu of these findings, it would be 
plausible to suggest that that miR-421 up- 
regulation could reverse the protecting role of 
SNHG16 against OS injury and inflammation in 
OGD/R-induced SK-N-SH cells.

Furthermore, we investigated the downstream 
mechanism of miR-421. Following database pre-
diction and intersections, we focused our efforts 
on the expression and role of XIAP. Interestingly, 
XIAP is poorly-expressed in ischemic brain tissues, 
while also conferring a suppressive role on infarct 
expansion, neurological dysfunction, and neuronal 
apoptosis post-cerebral I/R injury [19,20,49]. The 
results of qRT-PCR in our study further revealed 
that mRNA levels of XIAP were diminished upon 
OGD/R treatment, elevated upon SNHG16 over- 
expression, and down-regulated again as a result of 
miR-421 up-regulation. To further evaluate the 
role of XIAP in cerebral I/R injury, we silenced 
XIAP in OGD/R-treated cells in the oe-SNHG16 
group and documented that silencing XIAP coun-
tered the protective role of SNHG16 against OS 
injury and inflammation, as indicated by increased 
ROS, LDH, MDA, TNF-α, and IL-1β concentra-
tion and decreased SOD and IL-10 levels. On the 
contrary, over-expression of XIAP was previously 
correlated with neuroprotective effects, including 
improving neuronal angiogenesis and suppressing 
apoptosis, inflammation, and OS [50,51]. 
Consistently, there is much evidence to indicate 
that XIAP over-expression inhibits mitochondrial 
ROS production, thus protecting cells from OS 
injury [52]. Moreover, the alleviating role of 
XIAP in cerebral I/R injury is also in line with its 
role in intestinal and myocardial I/R injuries 
[53,54]. Taken in conjunction, the aforementioned 
findings and evidence indicate that silencing XIAP 

reverses the protecting role of SNHG16 against OS 
injury and inflammation post-OGD/R injury. To 
the best of our knowledge, our study is the first-of- 
its-kind to uncover the novel ceRNA mechanism 
of SNHG16 miR-421/XIAP in cerebral I/R injury.

Conclusions

In summary, the current study validated the role of 
SNHG16 in OGD/R-treated cells via regulation of the 
miR-421/XIAP axis (Figure 6). However, we solely 
explored the downstream mechanism of SNHG16 
with the focuses on miR-421 and XIAP, while failing 
to discuss other downstream targets of SNHG16. 
Additionally, our study failed to investigate the 
upstream mechanism of SNHG16 and its effects in 
animal and clinical models. To augment the transition 
of this theory into clinical application, it would be 
prudent to explore more downstream targets and 
carry out animal experiments in combination with 
clinical analyses in future studies.

Research highlights

● SNHG16 is poorly expressed in OGD/ 
R-treated cells.

● SNHG16 over-expression suppresses OS and 
cell inflammation in OGD/R-treated cells.

● SNHG16 competitively binds to miR-421 to 
promote XIAP expression.

● miR-421 up-regulation reverses the protect-
ing role of SNHG1 in OGD/R-treated cells.

● SNHG16 alleviates OS and cell inflammation 
via the miR-421/XIAP axis.

Author contributions

XC and JM validation, research, resources, SL and XC data 
reviewing, and writing, JM and SL review and editing. All 
authors read and approved the final manuscript.

Availability of Data and Materials

The data and materials that support this study are available 
from the corresponding author upon reasonable request.

Disclosure statement

No potential conflict of interest was reported by the author(s).

5032 X. CAO ET AL.



Funding

The author(s) reported there is no funding associated with 
the work featured in this article.

ORCID

Shaohua Li http://orcid.org/0000-0002-9359-5714

References

[1] Liao S, Apaijai N, Chattipakorn N, et al. The possible 
roles of necroptosis during cerebral ischemia and 
ischemia/reperfusion injury. Arch Biochem Biophys. 
2020;695(108629):108629.

[2] Stegner D, Klaus V, Nieswandt B. Platelets as modulators 
of cerebral ischemia/reperfusion injury. Front Immunol. 
2019;10(2505). DOI:10.3389/fimmu.2019.02505

[3] Yang J, Chen M, Cao RY, et al. The role of circular RNAs in 
cerebral ischemic diseases: ischemic stroke and cerebral 
ischemia/reperfusion injury. Adv Exp Med Biol. 
2018;1087(309–25). DOI:10.1007/978-981-13-1426-1_25

[4] Wu MY, Yiang GT, Liao WT, et al. Current mechan-
istic concepts in ischemia and reperfusion injury. Cell 
Physiol Biochem. 2018;46(4):1650–1667.

[5] Ang CE, Trevino AE, Chang HY. Diverse lncRNA 
mechanisms in brain development and disease. Curr 
Opin Genet Dev. 2020;65(4):42–46.

[6] Ghafouri-Fard S, Shoorei H, Taheri M. Non-coding 
RNAs participate in the ischemia-reperfusion injury. 
Biomed Pharmacother. 2020;129(110419):110419.

[7] Gong CY, Tang R, Nan W, et al. Role of SNHG16 in 
human cancer. Clin Chim Acta. 2020;503(175):175–180.

[8] Xiao Y, Xiao T, Ou W, et al. LncRNA SNHG16 as 
a potential biomarker and therapeutic target in human 
cancers. Biomark Res. 2020;8(1). DOI:10.1186/s40364- 
020-00221-4

[9] Pang X, Su Z, Sun Y, et al. Long noncoding RNA 
SNHG16 reduced ketamine-induced neurotoxicity in 
human embryonic stem cell-derived neurons. J Chem 
Neuroanat. 2018;94(39):39–45.

[10] Wang L, Liu W, Zhang Y, et al. Dexmedetomidine had 
neuroprotective effects on hippocampal neuronal cells via 
targeting lncRNA SHNG16 mediated microRNA-10b-5p/ 
BDNF axis. Mol Cell Biochem. 2020;469(1–2):41–51.

[11] Pan H, Zhao F, Yang Y, et al. Overexpression of long 
non-coding RNA SNHG16 against cerebral 
ischemia-reperfusion injury through miR-106b-5p/ 
LIMK1 axis. Life Sci. 2020;254(117778):117778.

[12] Zhang R, Wang J, Liu B, et al. Differentially expressed 
lncRNAs, miRNAs and mRNAs with associated ceRNA 
networks in a mouse model of myocardial ischemia/ 
reperfusion injury. Mol Med Rep. 2020;22(3):39–45.

[13] An ZW, Chen C, Wang CW, et al. SNHG16 regulated 
cerebral ischemia/reperfusion injury via sponging 

miR-183. J Biol Regul Homeost Agents. 2020;34 
(4):2487–2495.

[14] Liu W, Miao Y, Zhang L, et al. MiR-211 protects 
cerebral ischemia/reperfusion injury by inhibiting cell 
apoptosis. Bioengineered. 2020;11(1):189–200.

[15] Su G, Qu Y, Li G, et al. Sevoflurane protects against 
cerebral ischemia/reperfusion injury via microrna-30c- 
5p modulating homeodomain-interacting protein 
kinase 1. Bioengineered. 2021;12(2):11858–11871.

[16] Dong Y, Xiong J, Ji L, et al. MiR-421 aggravates neurotoxi-
city and promotes cell death in parkinson’s disease models 
by directly targeting MEF2D. Neurochem Res. 2021;46 
(2):299–308.

[17] Yue Y, Zhao H, Yue Y, et al. Downregulation of 
Microrna-421 relieves cerebral ischemia/reperfusion 
injuries: involvement of anti-apoptotic and antioxidant 
activities. Neuromolecular Med. 2020;22(3):411–419.

[18] Vucic D. XIAP at the crossroads of cell death and 
inflammation. Oncotarget. 2018;9(44):27319–27320.

[19] Wang SD, Fu YY, Han XY, et al. Hyperbaric oxygen pre-
conditioning protects against cerebral ischemia/reperfu-
sion injury by inhibiting mitochondrial apoptosis and 
energy metabolism disturbance. Neurochem Res. 2021;46 
(4):866–877.

[20] Zhang Y, Shan Z, Zhao Y, et al. Sevoflurane prevents 
miR-181a-induced cerebral ischemia/reperfusion 
injury. Chem Biol Interact. 2019;308(332):332–338.

[21] Zhou X, Su S, Li S, et al. MicroRNA-146a 
down-regulation correlates with neuroprotection and 
targets pro-apoptotic genes in cerebral ischemic injury 
in vitro. Brain Res. 2016;1648(Pt A):136–143.

[22] Zhao Y, Xu J. Sanggenon C ameliorates cerebral 
ischemia-reperfusion injury by inhibiting inflammation 
and oxidative stress through regulating RhoA-ROCK 
signaling. Inflammation. 2020;43(4):1476–1487.

[23] Zhang H, Xia J, Hu Q, et al. Long noncoding RNA 
XIST promotes cerebral ischemia/reperfusion injury by 
modulating miR27a3p/FOXO3 signaling. Mol Med 
Rep. 2021;24(2). DOI:10.3892/mmr.2021.12205

[24] Hu X, Liu B, Wu P, et al. LncRNA Oprm1 overexpres-
sion attenuates myocardial ischemia/reperfusion injury 
by increasing endogenous hydrogen sulfide via Oprm1/ 
miR-30b-5p/CSE axis. Life Sci. 2020;254:117699.

[25] Ma C, Wang X, Xu T, et al. Qingkailing injection 
ameliorates cerebral ischemia-reperfusion injury 
and modulates the AMPK/NLRP3 inflammasome 
signalling pathway. BMC Complement Altern 
Med. 2019;19(1):320.

[26] Ruan ZF, Xie M, Gui SJ, et al. MiR-370 accelerated 
cerebral ischemia reperfusion injury via targeting 
SIRT6 and regulating Nrf2/ARE signal pathway. 
Kaohsiung J Med Sci. 2020;36(9):741–749.

[27] Mas-Ponte D, Carlevaro-Fita J, Palumbo E, et al. 
LncATLAS database for subcellular localization of 
long noncoding RNAs. RNA. 2017;23(7):1080–1087.

[28] Paraskevopoulou MD, Georgakilas G, Kostoulas N, et al. 
DIANA-LncBase: experimentally verified and 

BIOENGINEERED 5033

https://doi.org/10.3389/fimmu.2019.02505
https://doi.org/10.1007/978-981-13-1426-1_25
https://doi.org/10.1186/s40364-020-00221-4
https://doi.org/10.1186/s40364-020-00221-4
https://doi.org/10.3892/mmr.2021.12205


computationally predicted microRNA targets on long 
non-coding RNAs. Nucleic Acids Res. 2013;41(D1): 
D239–45.

[29] Li JH, Liu S, Zhou H, et al. starBase v2.0: decoding 
miRNA-ceRNA, miRNA-ncRNA and protein-RNA 
interaction networks from large-scale CLIP-Seq data. 
Nucleic Acids Res. 2014;42(D1):D92–7.

[30] Agarwal V, Bell GW, Nam JW, et al. Predicting effec-
tive microRNA target sites in mammalian mRNAs. 
Elife. 2015;4. DOI:10.7554/eLife.05005.

[31] Loher P, Rigoutsos I. Interactive exploration of RNA22 
microRNA target predictions. Bioinformatics. 2012;28 
(24):3322–3323.

[32] Hsu SD, Lin FM, Wu WY, et al. miRTarBase: a database 
curates experimentally validated microRNA-target 
interactions. Nucleic Acids Res. 2011;39(suppl_1):D163–9.

[33] Al Rahim M, Thatipamula S, Hossain MA. Critical role of 
neuronal pentraxin 1 in mitochondria-mediated 
hypoxic-ischemic neuronal injury. Neurobiol Dis. 
2013;50(59):59–68.

[34] Zhang S, Sun WC, Liang ZD, et al. LncRNA SNHG4 
attenuates inflammatory responses by sponging 
miR-449c-5p and Up-Regulating STAT6 in microglial 
during cerebral ischemia-reperfusion injury. Drug Des 
Devel Ther. 2020;14(3683):3683–3695.

[35] Teng H, Li M, Qian L, et al. Long noncoding RNA 
SNHG16 inhibits the oxygenglucose deprivation and 
reoxygenationinduced apoptosis in human brain 
microvascular endothelial cells by regulating 
miR15a5p/bcl2. Mol Med Rep. 2020;22(4):59–68.

[36] Liu H, Wu X, Luo J, et al. Adiponectin peptide alleviates 
oxidative stress and NLRP3 inflammasome activation after 
cerebral ischemia-reperfusion injury by regulating AMPK/ 
GSK-3beta. Exp Neurol. 2020;329(4):113302.

[37] Lu Y, Han Y, He J, et al. LncRNA FOXD3-AS1 knock-
down protects against cerebral ischemia/reperfusion injury 
via miR-765/BCL2L13 axis. Biomed Pharmacother. 
2020;132(110778):110778.

[38] Wei R, Zhang L, Hu W, et al. Long non-coding RNA 
AK038897 aggravates cerebral ischemia/reperfusion 
injury via acting as a ceRNA for miR-26a-5p to target 
DAPK1. Exp Neurol. 2019;314(100):100–110.

[39] Chen Y, Fan Z, Wu Q. Dexmedetomidine improves 
oxygen-glucose deprivation/reoxygenation (OGD/R) - 
induced neurological injury through regulating SNHG11/ 
miR-324-3p/VEGFA axis. Bioengineered. 2021;12 
(1):4794–4804.

[40] Geng Y, Chen Y, Sun W, et al. Electroacupuncture 
Ameliorates cerebral I/R-induced inflammation 
through DOR-BDNF/TrkB pathway. Evid Based 
Complement Alternat Med. 2020;2020(3495836):1–15.

[41] Zhao L, Qi Y, Xu L, et al. Corrigendum to “MicroRNA- 
140-5p aggravates doxorubicin-induced cardiotoxicity by 
promoting myocardial oxidative stress via targeting Nrf2 
and Sirt2” [Redox Biol. 15 (2018) 284-296]. Redox Biol. 
2019;26(101289). DOI:10.1016/j.redox.2019.101289

[42] Zhang R, Ma X, Jiang L, et al. Decreased lncRNA 
SNHG16 accelerates oxidative stress induced patholo-
gical angiogenesis in human retinal microvascular 
endothelial cells by regulating miR-195/mfn2 axis. 
Curr Pharm Des. 2021;27(27):3047–3060.

[43] Wang W, Lou C, Gao J, et al. Corrigendum to 
“LncRNA SNHG16 reverses the effects of miR-15a/16 
on LPS-induced inflammatory pathway” [Biomed. 
Pharmacother. 106 (2018) 1661-1667]. Biomed 
Pharmacother. 2021;133(110894):110894.

[44] Yang L, Lu Y, Ming J, et al. SNHG16 accelerates the 
proliferation of primary cardiomyocytes by target-
ing miRNA-770-5p. Exp Ther Med. 2020;20 
(4):3221–3227.

[45] Braga AA, Bortolin RH, Graciano-Saldarriaga ME, 
et al. High serum miR-421 is associated with metabolic 
dysregulation and inflammation in patients with meta-
bolic syndrome. Epigenomics. 2021;13(6):423–436.

[46] Yuan HS, Xiong DQ, Huang F, et al. MicroRNA- 
421 inhibition alleviates bronchopulmonary dyspla-
sia in a mouse model via targeting Fgf10. J Cell 
Biochem. 2019;120(10):16876–16887.

[47] Liu Y, Qian XM, He QC, et al. MiR-421 inhibition 
protects H9c2 cells against hypoxia/reoxygenation-in-
duced oxidative stress and apoptosis by targeting Sirt3. 
Perfusion. 2020;35(3):255–262.

[48] Zhang CL, Long TY, Bi SS, et al. CircPAN3 ameliorates 
myocardial ischaemia/reperfusion injury by targeting 
miR-421/Pink1 axis-mediated autophagy suppression. 
Lab Invest. 2021;101(1):89–103.

[49] Xiang RP, Zhou MJ, Cui R, et al. Effects of different 
degrees of carotid artery stenosis on the expression of 
XIAP and smac in the ischemic penumbra of rats with 
cerebral ischemia-reperfusion. J Stroke Cerebrovasc 
Dis. 2021;30(2):105516.

[50] Deng W, Fan C, Zhao Y, et al. MicroRNA-130a reg-
ulates neurological deficit and angiogenesis in rats with 
ischaemic stroke by targeting XIAP. J Cell Mol Med. 
2020;24(18):10987–11000.

[51] Saito A, Hayashi T, Okuno S, et al. Oxidative stress is 
associated with XIAP and Smac/DIABLO signaling 
pathways in mouse brains after transient focal cerebral 
ischemia. Stroke. 2004;35(6):1443–1448.

[52] Prajapati P, Gohel D, Shinde A, et al. TRIM32 regulates 
mitochondrial mediated ROS levels and sensitizes the oxi-
dative stress induced cell death. Cell Signal. 2020;76 
(109777):109777.

[53] He X, Zheng Y, Liu S, et al. MiR-146a protects small 
intestine against ischemia/reperfusion injury by 
down-regulating TLR4/TRAF6/NF-kappaB pathway. 
J Cell Physiol. 2018;233(3):105516–105588.

[54] Zhou Y, Long MY, Chen ZQ, et al. Downregulation of 
miR-181a-5p alleviates oxidative stress and inflamma-
tion in coronary microembolization-induced myocar-
dial damage by directly targeting XIAP. J Geriatr 
Cardiol. 2021;18(6):426–439.

5034 X. CAO ET AL.

https://doi.org/10.7554/eLife.05005
https://doi.org/10.1016/j.redox.2019.101289

	Abstract
	Introduction
	Methods and Materials
	Ethics statement
	Cell culture and transfection
	Cell viability assay
	Flow cytometry
	Reactive oxygen species (ROS) production assay
	Key protein activity assay
	Enzyme-linked immunosorbent assay
	qRT-PCR
	Bioinformatics analysis
	Nuclear/Cytosol fractionation assay
	Dual-luciferase reporter assay
	RNA pull-down assay
	Western blot assay
	Statistical analysis

	Results
	SNHG16 was poorly-expressed upon OGD/R and its overexpression attenuated OS injury and cell inflammation post-OGD/R
	SNHG16 inhibited miR-421 expression
	miR-421 up-regulation partly reversed the alleviating role of SNHG16 in OS injury and cell inflammation post-OGD/R
	miR-421 inhibited XIAP expression
	Silencing XIAP partly reversed the alleviating role of SNHG16 in OS injury and cell inflammation post-OGD/R

	Discussion
	Conclusions
	Research highlights
	Author contributions
	Availability of Data and Materials
	Disclosure statement
	Funding
	References

