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Abstract: Apoptosis of microglia is one of the most important pathophysiologic changes after spinal cord injury (SCI). 
Recently, microRNAs (miRNAs) have been reported to play a crucial role in the regulation of neuronal apoptosis. 
However, the exact role and underlying mechanisms of miRNAs in the regulation of microglial apoptosis remain 
unclear. We first performed miRNA microarray to analyze the miRNA expression patterns in a rat SCI model. The 
expression of microRNA-23b (miR-23b) in spinal cord after contusion SCI was determined by quantitative reverse 
transcriptase polymerase chain reaction (qRT-PCR). BV-2 cells were exposed to H2O2 conditions to establish an in 
vitro model of SCI. Then, the effects of miR-23b on the apoptosis were investigated through both gain- and loss-
of-function studies in this cellular model of SCI. Also, the expression of the main proteins in NF-κB signaling was 
assessed by Western Blot. Furthermore, bioinformatics analysis was used to predict the target of miR-23b in BV-2 
cells, which was validated with a dual-luciferase reporter assay, qRT-PCR, and Western blot analysis. The expression 
of TGF-β-activated kinase 1 binding protein 3 (TAB3) in cells was overexpressed by transfection with pcDNA-TAB3, 
and the effects of TAB3 overexpression on miR-23b-mediated apoptosis were detected. Here, we demonstrated 
that miR-23b was significantly down-regulated in SCI rat model. We also found that the expression level of phos-
phorylated p65 (p-p65) protein was increased in the SCI rat model. Subsequently, treatment of BV-2 cells with H2O2 
decreased the levels of miR-23b and activated NF-κB pathway in a dose dependent manner. Furthermore, over-
expression of miR-23b inhibited the BV-2 apoptosis and NF-κB activation, while miR-23b inhibition enhanced the 
apoptosis and NF-κB activation induced by H2O2. Moreover, our data showed TAB3, an upstream positive regulator 
of the NF-κB pathway, was proven to be a target of miR-23b in BV-2 cells. Most importantly, we demonstrated that 
overexpression of miR-23b attenuated the apoptosis by inhibiting the expression of TAB3. These findings suggested 
that miR-23b protected BV-2 cells from apoptosis by modulating the NF-κB pathway and could serve as a new strat-
egy for the treatment of SCI. 
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Introduction

Spinal cord injury (SCI) is a serious and dis-
abling condition resulting in severe movement 
dysfunction, muscle weakness and changes in 
sensation. Despite the great efforts that have 
been made, therapeutic advances for patients 
with SCI have been limited thus far [1]. 
Therefore, novel therapeutics for SCI are highly 
needed.

Microglia are one main type of cells present in 
the spinal cord, which constitute 5-20% of total 
glial cells in rodents, depending on the specific 
neuroanatomical region of the central nervous 
system (CNS). Emerging evidence has con-
firmed the critical role of microglia in the patho-

genesis of SCI through the release of pro-
inflammatory factors [2]. Recently, it has been 
reported that the apoptosis of microglia near 
the lesion is one of the most important patho-
physiologic changes after SCI [3]. An interesting 
finding was that the increased number of apop-
totic microglia in the injured spinal cord by 
approximately 40%, led to a reduced histologi-
cal and functional outcome after SCI [4]. The 
protection of microglia from apoptosis follow- 
ing SCI could, therefore, potentially lead to the 
amelioration of SCI [5]. However, the precise 
mechanisms of such apoptosis are not current-
ly fully understood.

MicroRNAs (miRNAs) are a novel class of small 
non-coding RNAs (approximately 22-25 nt long) 
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that negatively regulate gene expression at the 
posttranscriptional level by combining with tar-
get mRNA in the 3’-untranslated region (3’-UTR) 
leading to either inhibition of translation or deg-
radation of mRNA [6]. Several miRNAs were 
found to contribute to the development of SCI. 
For example, miR-199b was downregulated in 
microglial cells separated from rat models of 
SCI and downregulation of miR-199 promoted 
an acute SCI [7]. In contrast, miR-21 was upreg-
ulated in spinal cords in rat with SCI, and treat-
ment with antagomir-miR-21 led to attenuated 
recovery in hindlimb motor function, increased 
lesion size, and decreased tissue sparing in 
rats, as well as increased apoptosis following 
SCI [8]. These studies provided novel insight to 
understand further the molecular mechanism 
of SCI-induced apoptosis following SCI. 

In this study, we explored the miRNA expres-
sion profile after SCI in rats. Furthermore, the 
correlation among miR-23b, nuclear factor 
(NF)-κB pathway and TAB3 was explored, there-
by elucidating the underlying mechanisms of 
miR-23b overexpression in the protection of 
microglia from apoptosis following SCI. It is 
anticipated that our study provides a future 
direction of treatments for SCI. 

Materials and methods

Animal preparation

Sprague-Dawley male adult rats, weighing 220-
250 g each, were purchased from the Animal 
Center (Chongqing Medical University, Chong- 
qing, China). All animals were housed in stan-
dard conditions of temperature and 12-h light/
dark cycle and fed with food and water. The 
Animal Care and Use Committee of Yongchuan 
Hospital Affiliated to Chongqing Medical Uni- 
versity approved all experiments in accordan- 
ce with the Declaration of the National Insti- 
tutes of Health Guide for Care and Use of La- 
boratory Animals (Publication No. 85-23, revis- 
ed 1985).

Spinal cord injury

Spinal cord injury was induced using a weight 
drop device as previously reported [9]. All ani-
mals were anaesthetized through intraperito-
neal injection of 4% sodium pentobarbital (40 
mg/kg, i.p.). An incision was made along the 
middle of the back, exposing the paravertebral 

muscles. A laminectomy was performed at the 
T9-T11 level, exposing the cord without damag-
ing the dura. The exposed dorsal surface of the 
cord was subjected to weight drop impact using 
a 10 g metal rod at a height of 25 mm. All mice 
were allowed to recover in a room maintained 
at 24±1°C during the experimental period.

MicroRNA expression profiling

miRNA profiling of spinal cord was performed 
with the miRCURYTM LNA Array v.16.0 (Agilent 
Technologies). Briefly, a 10-mm-long spinal 
cord around the lesion epicenter was harvest-
ed and fresh-frozen in liquid nitrogen. Total RNA 
was isolated with the miRNeasy mini kit 
(Qiagen, West Sussex, UK). The RNA quality and 
quantity were measured with a NanoDrop® 
spectrophotometer (ND-1000, Nanodrop Tech- 
nologies). The procedure and image processing 
method as described previously [10]. 

Cell culture and treatment

The immortalized murine BV-2 cell line was pur-
chased from the Chinese Academy of Medi- 
cal Science and cultured in DMEM/F12 (Hyc- 
lone, Waltham, MA, USA) supplemented with 
10% fetal bovine serum (Hyclone), 100 U ml-1 
penicillin and streptomycin in 25-cm2 culture 
flasks at 37°C in a humidified atmosphere with 
5% CO2.

Cells were treated with drugs (see below). H2O2 
(30% w/w solution; Sigma, St. Louis, MO, USA) 
was administered to the cells as a 100 mM 
solution in phosphate-buffered saline (PBS).

Quantitative reverse transcription-PCR (qRT-
PCR)

Total RNA from 10 mm spinal cord tissues and 
cells was isolated using TRIzol (Invitrogen, CA) 
according to manufacturer’s instructions. After 
reverse transcription, cDNA was amplified by 
using SYBR-Green Premix (Takara, Otsu, Japan). 
The expressions of miR-23b and TAB3 in tissue 
and cells were, respectively, normalized to the 
expression of U6 and GAPDH. qRT-PCR was 
performed using the Applied Biosystems 7900 
Fast Real-Time PCR system (Applied Biosy- 
stems). The data were analyzed by delta Ct 
method. The sequences of primers were pur-
chased from Guangzhou RiboBio Co. Ltd: TAB3 
forward 5’-CAGCCCACAGCTTGATATTC-3’ and re- 
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verse 5’-CATGACTTTGCCCGAGTTAG-3’; GAPDH 
forward, 5’-GAAGATGGTGATGGGATTTC-3’, and 
reverse, 5’-GAAGGTGAAGGTCGGAGT-3’; miR-
23b forward, 5’-TGACCTGAAACATACACGGGA-3’ 
and reverse, 5’-GTGCAGGGTCCGAGGT-3’; U6 
forward, 5’-AAAGACCTGTACGCCAACAC-3’ and 
reverse, 5’-GTCATACTCCTGCTTGCTGAT-3’.

Transfection

The miR-23b mimics, miR-23b inhibitor and 
negative control [11] were synthesized by 
GenePharma (Shanghai, China). The open read-
ing frame (ORF) of human TAB3 without the 
3’-UTR was generated by PCR amplification  
and then cloned into the mammalian expres-
sion vector pcDNA 3.1 (Invitrogen; Life Tech- 
nologies). Cell transfection was performed us- 
ing Lipofectamine 2000 (Invitrogen, Carlsbad, 
CA, USA) according to the manufacturer’s 
instructions. 

Detection of cell apoptosis 

Flow cytometry was used to detect the effect  
of miR-23b on cell apoptosis. 24 h after trans-
fection, cells were harvested, washed with ice-
cold PBS and re-suspended in 500 μl of bind- 
ing buffer. After the density of the cells was 
adjusted to 5 × 105/ml, cells were incubat- 
ed with 5 μl Annexin V and 5 μl propidium iodi- 
de [12] (BD Biosciences) at room temperature 
in the dark for 15 min. Apoptotic BV-2 cells 
were quantified by flow cytometry (BD Bio- 
sciences).

Western blot

Western blot was performed as previously 
described [11]. The membranes were blotted 
with rabbit primary antibody against TAB3 and 
p-p65 (1:1000, Santa Cruz, CA, USA) or β-actin 
(1:2000, Santa Cruz, CA, USA) for overnight at 

Figure 1. Downregulation of miR-23b and activation of NF-κB were observed in rats with SCI. A. Heatmap of normal-
ized expression levels of miRNAs in spinal cord in rats (n=2) with SCI and normal spinal cord in rats (n=2). Green 
indicates low expression levels; red indicates high expression levels. B. qRT-PCR was performed to determine the 
expression levels of miR-23b in spinal cord in rats (n=10) with SCI and normal spinal cord in rats (n=10). P < 0.01 
vs. Normal group. C. Western Blot was used to detect the protein level of p-p65 in spinal cord in rats (n=3 with SCI 
and normal spinal cord in rats (n=3). Data represent the mean ± SD of three independent experiments. **P < 0.01 
compared with Normal-1 or Normal-2.
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4°C, followed by incubation with goat anti-rab-
bit IgG-HRP secondary antibody (1:2000, Santa 
Cruz, CA, USA) at room temperature for 1 h, and 
then visualized by using an enhanced chemilu-
minescence detection method (Thermo Scien- 
tific). Relative intensities were determined with 
a PhosphorImager and ImageQuant (Amersham 
Biosciences, Piscataway, NJ, USA) software 
analysis.

Luciferase assays

A cDNA fragment of the TAB3 3’-UTR mRNA 
containing the seed sequence of the miR-
23b-binding site or a mutated binding site was 
cloned into the pmirGLO dual-luciferase vector 
(Promega, Madison, WI, USA). The dual-lucifer-
ase vector was co-transfected with miR- 
23b mimics, miR-23b inhibitor or NC into 
HEK293T cells (2.0 × 104) grown in a 96-well 
plate. Cells were harvested 48 h after transfec-
tion for luciferase assay using a luciferase 
assay kit (Promega) according to the manufac-
turer’s protocol. Transfection was repeated in 
triplicate.

Caspase-3 activity assay

Activity of caspase-3 was performed as previ-
ously described [13]. Briefly, keratinocytes 
were lysed and re-suspended in 50 μl of ice-
cold cell lysis buffer for 30 min. Caspase-3 
activity was determined using a Caspase-3 
activity kit (Beyotime). Caspase-3 activity was 
quantified in the samples with a microplate 

miR-23b was downregulated in spinal cord in 
rats after SCI

To profile the expression of miRNAs after SCI, 
we first established the animal model of SCI 
using a weight drop device on the dorsal spinal 
cord via a two-level T9-T11 laminectomy in 
accordance with previous descriptions [14]  
and then a miRNA microarray was performed in 
spinal cord in rats after SCI. Our data reveal- 
ed that compared with the normal group, 25 
miRNAs were upregulated and 25 miRNAs  
were downregulated (Figure 1A). Among th- 
ese aberrantly expressed miRNAs, miR-23b 
was one of miRNAs being most significan- 
tly downregulated. Recently, a study perform- 
ed by Im et al. showed that miR-23b was 
decreased in injured spinal cord of SCI rats  
and played a crucial role in the amelioration  
of SCI by repressing inflammation [15]. Thus, 
we chose miR-23b for further study. MiR- 
23b expression levels were also confirmed by 
qRT-PCR in injured spinal cord of the rats  
with SCI (Figure 1B). Recently, several studies 
have reported that inhibition of the activa- 
tion of NF-κB pathway could lead to spinal  
cord tissue repair and improved motor func- 
tion after SCI [16, 17]. Thus, we test the pro- 
tein expression level of phosphorylated p65 
(p-p65), an important mediator of NF-κB ac- 
tivation using Western blot. Consistent with a 
previous study [7], we observed a remarkably 
elevated p-p65 protein level in injured spinal 
cord of the rats with SCI (Figure 1C). These 
results indicated that miR-23b might be 

Figure 2. Downregulation of miR-23b and activation of NF-κB in H2O2 treated 
BV-2 cells. BV-2 cells were treated with different concentrations of H2O2 (50, 
100, 200 and 400 μM) for 48 h. A. qRT-PCR was performed to determine 
the expression levels of miR-23b in H2O2 treated BV-2 cells. B. Western blot 
was used to detect the protein level of p-p65 in H2O2 treated BV-2 cells. Data 
represent the mean ± SD of three independent experiments. *P < 0.05, **P 
< 0.01 compared with Control group.

spectrophotometer (Biotek) at 
an absorbance of 405 nm. 

Statistical analysis

Statistical analysis was per-
formed using GraphPad Pri- 
sm 5.0 (GraphPad Software, 
Inc., San Diego, CA, USA). Di- 
fferences were analyzed with 
the Student’s t-test between 
two groups or with one-way 
ANOVA among four groups. A 
p-value of less than 0.05 was 
considered statistically signi- 
ficant.

Results
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involved in the development of SCI through 
NF-κB pathway.

Downregulation of miR-23b and activation of 
NF-κB in H2O2 treated BV-2 cells

It is well known that the apoptosis of microglia 
is an important feature of SCI [3, 18]. Because 
reactive oxygen species (ROS), such as H2O2, 
superoxide anion, and hydroxyl radicals can 
activate various pathways of apoptosis, we 
treated murine BV-2 cells with H2O2 to generate 
a cellular model of SCI for detection of the role 
of miR-23b in the apoptosis. First, we employed 
different concentrations of H2O2 (50, 100, 200 
and 400 μM) to activate BV-2 cells, which have 
been widely used to explore the pathologic  
factors after SCI as it is reported to share  
many characteristics with primary microglia 

activity of caspase-3 were significantly reduced 
in the miR-23b mimics + H2O2 group compared 
with H2O2 + mimics NC group. In contrast, the 
apoptosis and the activity of caspase-3 were 
significantly increased in the miR-23b inhibitor 
+ H2O2 group compared with H2O2 + inhibitor NC 
group. (Figure 3D, 3E). A recent study revealed 
miR-23b could activate the NF-κB pathway by 
targeting TAB2, TAB3 and IKK-α [20]. Therefore, 
to further illustrate whether miR-23b modu-
lates the NF-κB pathway in the BV-2 cells treat-
ed with H2O2, we examined the expression of 
p-p65 using Western blot. As shown in Figure 
3C, 3F, overexpression of miR-23b significantly 
attenuated the expression of p-p65, whereas 
inhibition of miR-23b increased the expression 
of p-p65. These data suggest that miR-23b 
could attenuate the microglia apoptosis 
through suppressing NF-κB activation.

Figure 3. Overexpression of miR-23b attenuated microglial apoptosis by 
suppressing NF-κB activation. The BV-2 cells were transfected with miR-23b 
mimics and mimics NC following H2O2 treatment for 48 h. (A) The apoptosis 
portion of BV-2 cells was measured by flow cytometry assay. (B) The activity 
of caspase-3 was measured by a caspase-3 activity kit. (C) The protein level 
of p-p65 was determined by Western Blot. The BV-2 cells were transfected 
with miR-23 inhibitor or inhibitor NC following H2O2 treatment for 48 h. Then, 
the apoptosis portion of BV-2 cells was measured by flow cytometry assay 
(D), the activity of caspase-3 was measured by a caspase-3 activity kit (E) 
and the protein level of p-p65 was determined by Western Blot (F) respec-
tively. Western Blot. Data represent the mean ± SD of three independent 
experiments. *P < 0.05, **P < 0.01 compared with control group. ##P < 0.01 
compared with H2O2 + mimics NC or H2O2 + inhibitor NC.

[19]. Consistent with the re- 
sults in injured spinal cord of 
the rats with SCI, the level of 
miR-23b was significantly re- 
duced in BV-2 cells after H2O2 
treatment in a dose-depen-
dent manner (Figure 2A). Si- 
milarly, the protein level of 
p-p65 was also higher in BV-2 
cells after H2O2 treatment in  
a dose dependent manner 
(Figure 2B). These data sug-
gest that miR-23b may affect 
the apoptosis through regula-
tion of NF-κB pathway in H2O2 
induced cell model of SCI.

Overexpression of miR-23b 
attenuated the microglia 
apoptosis through suppress-
ing NF-κB activation

Given the important role of 
microglial apoptosis in the 
pathogenesis of SCI, we as- 
sess the role of miR-23b on 
the microglia apoptosis. The 
BV-2 cells were transfected 
with miR-23b mimics, miR-
23b inhibitor and the corre-
sponding scramble control fol-
lowing H2O2 treatment, then, 
the apoptosis and the activi- 
ty of caspase-3 were mea-
sured. As shown in Figure 3A, 
3B, the apoptosis and the 
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TAB3 was a direct target of miR-23b

Recently, a study from Zhu et al. showed that 
miR-23b suppressed NF-κB activation by tar-
geting TAB3, and, consequently, represses au- 
toimmune inflammation [20]. Thus, we sought 
to determine whether miR-23b also inhibit 
NF-κB pathway by targeting TAB3 in our cell 
model. First, two publicly available databases 
TargetScan and miRanda were used to predict 
the potential downstream targets of miR-23b. 
As suggested in Figure 4A, the complementary 
sequence of miR-23b was found in the 3’-UTR 
of TAB3 mRNA. To test whether that miR-23b 
could directly target 3’-UTR of TAB3, a lucifer-
ase reporter assay was performed. The results 
showed that overexpression of miR-23b signifi-
cantly decreased the luciferase activity of TAB3 
with wt 3’-UTR, whereas knockdown of miR-23b 
increased the luciferase activity of TAB3 with wt 
3’-UTR (Figure 4B). Likewise, cells co-transfect-

ed with miR-23b mimics, miR-23b inhibitor, and 
TAB3-mut-3’UTR showed no obvious change in 
their luciferase activity (Figure 4B). We further 
examined whether miR-23b could modulate the 
expression of TAB3 in BV-2 cells. The results of 
qRT-PCR and Western blot showed that overex-
pression of miR-23b significantly reduced the 
expressions of TAB3 at protein and mRNA lev-
els, whereas inhibition of miR-23b promoted 
the expressions of TAB3 at mRNA and protein 
levels (Figure 4C, 4D). Taken together, these 
data indicate that miR-23b modulates the 
NF-κB pathway by targeting TAB3 in BV-2 cells. 

Overexpression of TAB3 reversed the inhibitory 
effects of miR-23b on the apoptosis of BV-2 
cells 

To further investigate whether miR-23b reduc-
es the apoptosis of microglia via TAB3, BV-2 
cells were first co-transfected with miR-23b 

Figure 4. TAB3 was a direct target of miR-23b. A. The putative binding site of miR-23b and TAB3 is shown. B. Lucifer-
ase assay of HEK293 cells co-transfected with firefly luciferase constructs containing the TAB3 wild-type or mutated 
3’-UTRs and miR-23b mimics, mimics NC, miR-23b inhibitor or inhibitor NC. **P < 0.01 vs. mimics NC, ##P < 0.01 vs. 
inhibitor NC. C. The mRNA expression level of TAB3 after transfection with miR-23b mimic or miR-23b inhibitor was 
measured by qRT-PCR. **P < 0.01 vs. mimics NC, inhibitor or Blank. D. The protein expression level of TAB3 after 
transfection with miR-23b mimic or miR-23b inhibitor was measured by western blot. Data represent the mean ± 
SD of three independent experiments. **P < 0.01 vs. mimics NC, ##P < 0.01 vs. inhibitor NC. 
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mimic and pcDNA-TAB3 plasmids, following 
H2O2 treatment. The apoptosis and the activity 
of caspase-3 were measured by flow cytometry 
assay and a caspase activity kit. As shown in 
Figure 5A, 5B, overexpression of TAB3 reversed 
the inhibitory effects of miR-23b mimics on the 
apoptosis and the activity of caspase-3 in H2O2 
treated BV-2 cells. These data indicated that 
miR-23b attenuated the apoptosis of BV-2 cells 
induced by H2O2 via targeting TAB3. 

Discussion

In the present study, we found that low expres-
sion of miR-23b and activation of NF-κB were 
observed in rat after SCI. Moreover, miR-23b 
showed a protective role in H2O2-induced apop-
tosis in BV2 cells by targeting TAB3/NF-κB 
pathway. Our findings implicate that miR-23b/
TAB3/NF-κB axis may reveal ideal therapeutic 
targets for SCI treatment.

A large body of evidence has indicated that 
alteration of miRNAs may be involved in the 
progression of a variety of neurological diseas-
es including SCI [21, 22]. Wei et al. showed that 
miR-146a could suppress the inflammation 
induced by SCI through downregulating TNF 
receptor-associated factor 6 (TRAF6) and IL-1 

on SCI, we treated murine BV-2 cells with H2O2 
to generate a cellular model of SCI. According 
to our data, miR-23b expression was reduced 
by the H2O2 treatment in a dose-dependent 
manner. Moreover, overexpression of miR-23b 
significantly suppressed the apoptosis induced 
by SCI, whereas inhibition of miR-23b enhanced 
the apoptosis induced by SCI. These data indi-
cated that downregulation of miR-23b may con-
tribute to the progression of SCI.

NF-κB is an important factor of inflammatory 
processes and autoimmune diseases which 
consists of homo- and heterodimers of differ-
ent Rel family proteins (p65, RelB, c-Rel, p52, 
and p50). Recently, NF-κB has been proved to 
be involved in SCI [18]. For example, Zhou et al. 
found that the protein level of IKKβ and p-p65 
were dramatically elevated in activated microg-
lia [7]. Lu et al. found that targeting IKK/NF- 
κB pathway improved the recovery of locomo- 
tor function by reducing the infiltration of in- 
flammatory cells and apoptosis after SCI in rats 
[16]. However, the molecular regulation me- 
chanism of NF-κB pathway in SCI remains 
unclear. Our results are in agreement with 
those of previous studies, which reported that 
p-p65 was elevated in the spinal cord of SCI 
rats and in ROS-induced BV-2 cells. Moreover, 

Figure 5. Overexpression of TAB3 reversed the inhibitory effects of miR-23b 
on microglial apoptosis in H2O2 treated BV-2 cells. The BV-2 cells were co-
transfected with miR-23b mimics, pcDNA-TAB3, or the corresponding scram-
bled control following H2O2 treatment for 48 h. A. The apoptosis portion of 
BV-2 cells was measured by flow cytometry assay. B. The activity of caspase-3 
was measured by a caspase-3 activity kit. Data represent the mean ± SD of 
three independent experiments. **P < 0.01 vs. H2O2 alone group, ##P < 0.01 
vs. H2O2 + miR-23b mimics.

receptor-associated kinase 1 
(IRAK1) expression [23]. Zhou 
et al. found that upregulation 
of miR-494 improved func-
tional recovery, reduced tis-
sue damage, and inhibited 
apoptotic cell death induced 
by SCI in rats [24], indicating 
its protective role after SCI. 
These studies suggest that 
alteration of miRNAs after SCI 
may be involved in the patho-
genesis of SCI. Therefore, we 
used the miRNA microarray to 
determine the miRNA level in 
SCI rat model and found a 
large set of miRNAs were 
abnormally expressed in in- 
jured spinal cord compared 
with sham group. Among 
them, miR-23b was one of the 
miRNAs that was most signifi-
cantly downregulated and its 
expression was further con-
firmed by qRT-PCR analysis. 
To explore the miR-23b effect 
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we also found that overexpression of miR-23b 
significantly suppressed the protein expres- 
sion of p-p65, while inhibition of miR-23b  
promoted the expression of p-p65, indicat- 
ing that miR-23b protects microglia from apop-
tosis after SCI through suppressing NF-κB 
pathway. 

TAB3 is a transforming growth factor-β-ac- 
tivated kinase 1 (TAK1) binding protein, and 
plays a crucial role in the activation of the  
NF-κB pathway [25, 26]. Kanayama et al. 
showed that TAB3 could activate the NF-κB 
pathway through binding to polyubiquitin ch- 
ains [26]. Recently, it has been reported that 
miR-23b suppresses IL-17-, tumor necrosis  
factor α (TNF-α)- or IL-1β-induced NF-κB activa-
tion via TAB3 [20]. Based on these results,  
we supposed that miR-23b also inhibited NF- 
κB pathway by targeting TAB3 in microglia cell. 
As expected, our data showed that miR-23b 
inhibited the protein and mRNA levels for  
TAB3 by targeting its 3’-UTR in BV-2 cells. Th- 
ese data indicate that miR-23b regulates the 
NF-κB pathway via inhibiting TAB3 level after 
SCI. More importantly, we found that over- 
expression of TAB3 could reverse the inhibi- 
tory effects of miR-23b overexpression on  
the apoptosis in H2O2 treated BV-2 cells. Our 
findings suggest that miR-23b inhibits the 
NF-κB activation via targeting TAB3 and,  
consequently, attenuated the apoptosis after 
SCI. 

In summary, our study confirms that miR-23b 
inhibited NF-κB activation by targeting TAB3 
and subsequently attenuated the apoptosis of 
microglia induced by SCI, revealing its protec-
tive effects. Our results further indicate that 
targeting miR-23b/TAB3/NF-κB axis may be 
useful in the treatment of SCI. 
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