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Abstract. - OBJECTIVE: To investigate the
role and regulate the target of miRNA-411 on spi-
nal cord injury.

MATERIALS AND METHODS: The microglia
cultured in vitro was activated by lipopolysac-
charide (LPS) to express the inflammatory phe-
notype. The inflammatory response through miR-
NA-411 transfection in microglia was measured
to certain whether increased miRNA-411 sup-
pressed interleukin-18 (IL-18) level to attenuate
the inflammation amplification via downregulat-
ing JNK pathway. Furthermore, we established
spinal cord injury (SCI) model in SD rats and fur-
ther explored the glial inflammatory degree and
neurological recovery following miRNA-411 treat-
ment. Lastly, we estimated the hindlimbs func-
tion of SCI rats with miRNA-411 administration or
not within four weeks at post-SCI.

RESULTS: In vitro, miRNA-411 inhibited IL-18
expression and downregulated JNK pathway,
along with that inflammatory microglia were de-
clined. In SCI rats, we detected the decreased
amounts of inflammatory microglia and reduc-
tion of the inflammatory factors after miRNA-411
treatment. IL-18 and JNK pathway was also re-
strained resulted from increased miRNA-411. In
addition, apoptosis degree in injury site reduced
and survived axons were relatively multiple in
the miRNA-411 group compared with the SCI
group. The Basso-Beattie-Bresnahan (BBB) lo-
comotor scores of miRNA-411 treated rats were
superior to those in rats with no treatment.

CONCLUSIONS: MiRNA-411 increase amelio-
rates the inflammatory microglia-induced neu-
rological lesion and promotes neural recovery
by JNK pathway inhibition via negative target-
ing IL-18 in SCI.
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Introduction

Spinal cord injury (SCI) is one of the most
serious neurological diseases in the central ner-

vous system (CNS)'?, causing the destructive
impact of organicism®. Following injury, the
blood-spinal cord barrier (BSCB) is disrupted
so that hemocytes and leukocytes reach to the
lesion*. Accumulating leukocytes and cell de-
bris alter vasopermeability leading to infiltra-
tion®. Besides, resident microglia stimulate the
response to primary damage, which will recruit
increased microglia and astrocytes to the sur-
roundings of the damaged tissue epicenter®. As
a result of the disorder of neuroimmunology
and neuropathology, the aggravating neuroin-
flammatory action will provoke neurotoxicity
and neuroinhibition, eventually, the remained
neural tissue will be unable to compensate for
normal neurophysiological activities’. There-
fore, how to restrain inflammation following
SCI widely influences architectural repair and
functional remodeling of neuronetwork. MiR-
NAs are a group of non-coding RNA at length
of 22-24 nucleotides and play a necessary role
in the regulation of the biological procedures?®.
Evidently, there are various MiRNAs that occur
exceptional variation following SCI, which sig-
nifies that miRNAs crucially participate in SCI
pathogenesis’. MiRNA-411 has been reported
to an effective tumor target miRNA'; in fact,
decreased miRNA-411 enhanced bladder cancer
growth via targeting MLLT11". Autoregulatory
loop between miRNA-411 and MAPK path-
way promoted proliferation and differentiation
of rhabdomyosarcoma'?. Oncogenic microR-
NA-411 boosted lung carcinogenesis by nega-
tively targeting SPRY4 and TXNIP". However,
Most et al'* have demonstrated that miRNA-411
is a potential factor of neuromodulation. How
to regulate miRNA-411 content following SCI
maybe guide the neurologic recovery to an ad-
vantageous aspect. Interleukin-18 (IL-18) is one
of the IL-1 family as an inflammatory magnify-
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ing agent>'. Because of the pleiotropic nature
of IL-18, IL-18 receptor is expressed in various
types of malignant cells and normal cells in-
cluding natural killer cells (NK), macrophages,
T lymphocytes, and B lymphocytes, microglia,
astrocytes, and even neurons'™'®. The activity of
IL-18 is mainly involved in the organismal de-
fense processes, ranging from inflammatory en-
hancement and immune regulation against body
offenses to the tissue damage whose expression
is unrestricted, leading to the development of
the chronic inflammation'. Therefore, following
SCI, exploring a target that effectively regulates
IL-18 is crucial to the control of the neuroin-
flammatory levels. In the current study, we have
verified that as a promising target, miRNA-411
increase suppressed IL-18 expression and down-
regulated IL-18-induced JNK pathway. Of note,
SCI-induced neuroinflammation and apoptosis
were alleviated through miRNA-411 treatment.
Hence, hindlimbs functional recovery was im-
proved with miRNA-411 treatment.

Materials and Methods

Primary Microglia Extraction and Culture

We sacrificed 3 days-old neonatal rats in 75%
alcohol and removed the cerebral cortex in tryp-
sin in order to dissolve the organization. Then,
the obtained cells compound immigrated into
medium containing glutamine. Two weeks later,
the cells were put on a shaking bed to extract mi-
croglia at 37° C When purified microglia reached
to 95%, we collected and incubated them with
Dulbecco’s Modified Eagle’s Medium (DMEM;
Thermo Fisher Scientific, Waltham, MA, USA)
containing 10% defined fetal bovine serum (FBS;
Gibco, Rockville, MD, USA) and 1% double an-
tibiotics. When the confluence reached 90%, we
transfected miRNA-411 mimic into microglia,
and 100 ng/ml lipopolysaccharide (LPS) was
used to stimulate them.

Animals and Grouping

The Male Sprague Dawley (SD) rats aged at
six-weeks-old and weighted from 200g to 220g
were selected to establish the SCI model. The
Experimental Ethics have been approved by
the General Hospital of Heilongjiang General
Administration of Agriculture and Reclamation.
All animals were kept in a room with a constant
temperature at 22-25°C, humidity at 50%-60%
and 12/12h circadian rhythms. Available food
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and water were given to rats until they were
sacrificed. Three groups were needed in this
study. In the Sham group (n=8) was performed
a laminectomy. In the SCI group (n=8) was
established the SCI model, and we injected nor-
mal saline (NS). In the SCI+miRNA-411 mimic
group (n=8) was injected miRNA-411 mimic
following SCI.

Surgical Procedure of SCI

Briefly, the rats were injected with 10% chloral
hydrate for preoperative anesthesia. Following
skin antisepsis, the rats were cut an incision at
T10, and their muscles were bluntly dissected
until lamina was visible. Following laminectomy,
we impacted T10 spinal cord of rats with an Al-
len impactor. The hindlimbs extension and the
tail-flick reflex signified a successful modeling.
Artificial urination was performed twice a day
until the urination function returns to normal.

Real Time-Polymerase Chain Reaction
(GRT-PCR) and Western Blot

The total RNA was isolated from spinal cord
tissue or microglia with TRIzol reagent (Invi-
trogen, Carlsbad, CA, USA) according to the
manufacturer’s instructions. After that, RNA was
reverse transcribed to cDNA with PrimeScript™
RT Master Mix (Applied Biosystems, Foster City,
CA, USA). RT-PCR was performed to quantify
miRNA-411, JNK, and Glyceraldehyde phos-
phate dehydrogenase (GAPDH) mRNA expres-
sion levels. RT-PCR was conducted using SYBR
Green Master Mix (Applied Biosystems, Foster
City, CA, USA). GAPDH was used for normal-
ization. The primers used for RT-PCR are shown
in Table I. The relative mRNA expression levels
were calculated by the 222t methods.

The tissues and microglia cells were harvested
in radioimmunoprecipitation assay (RIPA; Beyo-
time, Shanghai, China) lysis buffer. The proteins
were isolated using a Nuclear/Cytosol Fraction-
ation Kit (Beyotime, Shanghai, China) according
to the manufacturer’s instructions. The protein
concentrations were measured with the enhanced
bicinchoninic acid (BCA) Protein Assay Kit (Be-
yotime, Shanghai, China). After blocking with
5% skim milk for 1 hour at room temperature
and probed overnight with anti-CD11b (Abcam,
Cambridge, CA, USA, 1:1000), anti-p-JNK (Ab-
cam, Cambridge, CA, USA, 1:1000), anti-JINK
(Abcam, Cambridge, CA, USA, 1:1000), anti-
NF-kB (Abcam, Cambridge, CA, USA, 1:1000),
anti-caspase-8 (Abcam, Cambridge, CA, USA,



MIRNA-411 attenuates inflammatory damage and apoptosis following spinal cord injury

1:1000), anti-bcl-2 (Abcam, Cambridge, CA,
USA, 1:1000), and anti-GAPDH (Cell Signal-
ing Technology, Danvers, MA, USA, 1:1000).
After being washed with PBST, the membrane
was incubated with secondary antibody (Abcam,
Cambridge, CA, USA, 1:2000) for 2 h at room
temperature. The protein bands were visualized
and detected using the enhanced chemilumines-
cence system. GAPDH was used as the controls.

Immunofiluorescence

The spinal cord samples in each group were
washed three times with Phosphate-Buffered
Saline (PBS), fixed with 4% formaldehyde for 24
h at room temperature, and then dehydrated in
sucrose solution. The dehydrated samples were
embedded in paraffin and cut to sections (6 um).
The sections underwent rehydration, deparaf-
finage, antigen retrieval, and blocked with 5%
bovine serum albumin (BSA) for 1 h. Subse-
quently, the sections were incubated overnight
at 4°C with a primary antibody against CD11b
(Abcam, Cambridge, CA, USA, 1:500), IBA-1
(Abcam, Cambridge, CA, USA, 1:500) or cas-
pase-3 (Abcam, Cambridge, CA, USA, 1:500),
followed by Cy3-conjugated goat anti-rabbit
IgG antibody (Abcam, Cambridge, CA, USA,
1:200) for 2 h at room temperature. The nuclei
were counterstained with 4’°,6-diamidino-2-phe-
nylindole (DAPI; Beyotime, Shanghai, China,
1:500), and the sections were visualized using
a fluorescence microscope (Zeiss, Oberkochen,
Germany).

Basso-Beattie-Bresnahan (BBB)
Locomotor Rating Method

The locomotor function of rats hindlimbs was
estimated via BBB locomotor rating scale. The
rats were allowed to free the activities in an open
field within 5 minutes and two blinded research-
ers scored hindlimbs motor ability of every rat.
We recorded the scores at 1, 7,14, 21, 28 days
following SCI.

Statistical Analysis

All data are normality displayed by the means
+ standard deviations. The data compared be-
tween the two groups were analyzed using the
Student’s #-test. The comparison between mul-
tiple groups was done using One-way ANOVA
test followed by the post-hoc test (Least Signifi-
cant Difference). p-values <0.05 were considered
statistically significant.

Results

Inflammatory Inhibition in Microglia
Results From Increased MiRNA-411
Downregulating IL-18-Induced
JNK Pathway

To assure whether miRNA-411 increase in
microglia influences LPS-induced alteration of
inflammatory phenotype, we initially got through
miRNA-411 mimic transfection in microglia and
stimulated microglia using LPS. MiRNA-411 in
RNA level was visualized using RT-PCR tech-
nique, displaying that in LPS activated microglia
there was miRNA-411 a significant decrease,
but miRNA-411 mimic transfection remarkably
increased miRNA-411 expression (Figure 1A).
Then, the microglia inflammatory phenotype was
measured by Western blot, it was found that
miRNA-411 increase suppressed microglia stim-
ulation to the phenotype of inflammation (Fig-
ures 1B, 1C). Besides, 1L-18 level was detected
with ELISA assay, and we discovered that IL-18
expression in LPS activated microglia was ap-
parently elevated, however, following treatment
of miRNA-411 IL-18 content was prominently
reduced in microglia (Figure 1D). Notably, we
measured in Western blot result that JNK path-
way induced by IL-18, which was considered
as a pathway of the inflammatory development,
was inhibited following miRNA-411 treatment
(Figures 1E, 1F). Therefore, through in vitro cul-
tured microglia, we verified that the microglial
inflammatory level was inversely regulated by
a miRNA-411 increase by descending IL-18 ex-
pression to inhibit the INK pathway.

MiRNA-411 Increase Alleviates
Glial Inflammatory Reaction by
Suppressing IL-18 Level in SCI

Further, we established SCI model in rats to
certain whether a variety of miRNA-411 level in-
fluences the extent of glial inflammation. Firstly,
we detected miRNA-411 levels using RT-PCR
within one week following SCI, finding that the
spinal cord trauma led to a miRNA-411 reduc-
tion, but miRNA-411 mimic treatment rescued
miRNA-411 decrease trend during the first week
after injury (Figure 2A). Moreover, to verify
whether miRNA-411 descending in SCI is as-
sociated with glial inflammation, we used im-
munofluorescence technique to reflect a range
of microglial activation. Inflammatory microglia
expressed high-level CD11b factor; hence, mi-
croglia underwent IBA-1 and CD11b co-staining
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Figure 1. Inflammatory inhibition in microglia results from increased miRNA-411 downregulating IL-18-induced JNK
pathway. A, The RNA level of miRNA-411 in NC, LPS, and miR-411 mimic+LPS group. B, The protein bands of CD11b and
GAPDH in NC, LPS, and miR-411 mimic+LPS group. C, Grey value analysis of CD11b in the three groups is considered
to be the statistical difference. D, IL-18 protein level in NC, LPS, and miR-411 mimic+LPS group. E, p-JNK, JNK, and
GAPDH protein bands in NC, LPS, and miR-411 mimic+LPS group. F, p-JNK levels in the three group exist statistic
difference.
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Figure 2. MiRNA-411 increase alleviates glial inflammatory reaction by suppressing IL-18 level in SCI. A, MiRNA-411
changes within a week post modeling in Sham, SCI, and SCI+miR-411 mimic group. B, CD11b and IBA-1 co-staining of
immunofluorescence at 3 days post-injury in SCI and SCI+miR-411 mimic group (magnification: 10x). C, Relative CD11b-
positive area in injury core is statistical significance between two groups. D, IL-18 protein difference in the three groups at 3
days following SCI. E, INK RNA level in the three groups at 3 days after SCIL.
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in the injured spinal cord to materialize image
(Figures 2B, 2C). According to the results, we
demonstrated that the area of the glial inflam-
mation was remarkably reduced via miRNA-411
mimic treatment. Meanwhile, we speculated that
miRNA-411 elevation similarly induced IL-18
restraining to conclude the glial inflammatory
inhibition in vivo. Therefore, we continued to
measure 1L-18 (Figure 2D) and its downstream
JNK pathway levels (Figure 2E) using ELISA
and RT-PCR. It was displayed that, following
miRNA-411 mimic treatment, IL-18 and JNK
RNA declined their expression in the injured
spinal cord. The all above consequences led us
to draw a conclusion that increased miRNA-411
attenuated the glial inflammation reaction via
inducing IL-18 and JNK pathway suppression in
vivo SCI model.

Accumulated MiRNA-411 Reduces
Apoptosis in Lesion by Inhibiting
Caspase System

Apoptosis induces the primary death of neu-
ral cells following SCI, and it also intimately re-
lates to the inflammation development. Hence,
we explored that increased miRNA-411 res-
cued cells simultaneously by weakening neural
apoptosis along with inflammatory restraining.

Through immunofluorescence staining, we vi-
sualized apoptosis key enzyme caspase-3 level
in injured epicenter at 7 days following SCI,
finding that miRNA-411 mimic administration
receded caspase-3 expression (Figures 3A, 3B).
Moreover, as the associated apoptosis activated
the target and enzyme system, NF-xB and cas-
pase-8 were detected with Western blot, and it
was discovered that caspase-8 and NF-kB were
decreased with miRNA-411 mimic treatment,
yet the bcl-2 level, an antagonist of apoptosis,
was inversely increased due to miRNA-411
increase (Figures 3C, 3D). Therefore, we drew
a conclusion that miRNA-411 accumulation
declined apoptosis development by inhibiting
caspase and NF-kB.

MIiRNA-411 Increase Improves
Hindlimbs Locomotor Recovery
Following SCI in Rats

Locomotor functional recovery was evaluated
via BBB motor rating scale. The rats in each
group were accepted to hindlimbs motor evalua-
tion at 1, 7, 14, 21, 28 days, respectively. Accord-
ing to the scores, we made an analysis and exhib-
ited the results in Figure 4. The Sham group took
almost normal scores for four weeks, while the
SCI group and miRNA-411 mimic group stayed
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Figure 3. Accumulated miRNA-411 reduces the apoptosis in the lesion by inhibiting the caspase system. A, Caspase-3
images of immunofluorescence in SCI and SCI+miR-411 mimic group at 7 days post-SCI (magnification: 10x). B, The relative
caspase-3-positive area in injury site is statistical significance between two groups. C, NF-kB, caspase-8, and bcl-2 protein
bands in the three group at 7 days post-injury. D, The protein difference among groups is statistical significance.
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Figure 4. MiRNA-411 increase improves the hindlimbs
locomotor recovery following SCI in rats. BBB scores
among groups at 1, 7, 14, 21, 28 days following SCI.

originally at a low level and the motor recovery
remarkably improved at 7 days at post-SCI. Im-
portantly, miRNA-411 mimic treatment signifi-
cantly promoted recovery compared with that in
the SCI group from 7 days to 28 days. Therefore,
miRNA-411 increase following SCI could effec-
tively accelerate the locomotor recovery in rats.

Discussion

SCI-induced destructive inflammatory damage
is considered to dominate the secondary injury in
the pathological development, in which microglia
undergo inflammatory activation and mediate
the apoptosis procedure*®?. Resident microglia
activation seen as a critical process for response
to trauma induces neural tissue and structure
disruption by releasing nitric oxide and secreting
pro-inflammatory cytokines?**. The secondary
damage following SCI is associated with the
alteration of the microglial inflammatory type,
including the synthesis of the neurotoxic sub-
stances and a release of the inflammatory media-
tors?. Besides, a crop of pathological alterations
was subject to the modulation of microglial in-
flammation, such as cytomembrane peroxidation,
neurons loss, and demyelination change®. Due to
the complicated mechanism of SCI, inflamma-
tion and apoptosis are widely thought as specific
features during its process.
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MiRNAs aberrant variations following SCI have
been demonstrated to be involved in a series of
biological events including astrocytic glial scar,
anti-apoptosis*’, and neutrophils expression®. Gong
et al® have suggested that miRNA-411 elevation is
in favor of functional recovery via down-regulating
FasL following SCI in rats and miRNA-411 can reg-
ulate [L-18 expression in tumor®’. Hence, we made a
hypothesis, the suppression of IL-18 in SCI-induced
glial inflammation attributed to miRNA-411 in-
crease maybe minimizes the inflammatory sig-
naling pathway and state. Besides, we speculated
whether miRNA-411 treatment could have a signifi-
cant effect on apoptosis. Until now, miRNA-411 has
been reported to a significative regulatory target in
various tumor diseases; however, its potential thera-
peutic value in neurology has been seldom probed
yet. Therefore, we explored how does miRNA-411
work, following SCIL.

In the current study, between SCI+miRNA-411
mimic group and SCI group, it is evident to notice
that an increased miRNA-411 is accompanied with
improved neural recovery. We discovered that miR-
NA-411 mimic treatment both in vitro and in vivo
inhibits microglia-induced inflammatory reaction
via inversely regulating 1L.-18 and its downstream
JNK pathway. Moreover, apoptosis is another fac-
tor leading to neural loss following SCI. Hence, the
suppression of the apoptosis in injured spinal cord
tissue may also promote neurologic recovery and
attenuate secondary damage. We firstly verified
miRNA-411 effect in the inflammatory inhibition.
Considering the connection between inflammation
and apoptosis, we continued to probe whether in-
creased miRNA-411 both exerts an anti-apoptosis
role in SCL Scholars have suggested that NF-xB is
involved in the modulation of apoptosis because of
excessive inflammation. Likewise, our researches
make favorable support to the perspective that NF-
kB is restrained by increased miRNA-411 expres-
sion. Thus, bcl-2 level is enhanced, but the caspase
system is crippled. Prospectively, miRNA-411 is
exactly a promising target that induces glial inflam-
matory inhibition and anti-apoptosis reaction by
influencing IL-18 and JNK pathway in SCL

Conclusions

It has been demonstrated in this work that
miRNA-411 can be an effective factor that works
by inhibiting glial inflammation and cell apopto-
sis via downregulation of [L-18 and JNK pathway
to alleviate SCI.
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