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Background: Spinal cord injury (SCI) is a severe devastating condition associated with serious disability and neurologic def-
icits. Aberrant micro RNA (miRNA) expression has been related to a variety of central nervous system diseas-
es including SCI. In the present study, we aimed to discover the role of miR-129-5p on SCI.

Material/Methods: An acute SCI rat model was induced, following the modified Allen method. A total of 36 rats were random-
ly assigned into 4 groups (n=9 in every group): Sham group; Model group (SCl+saline); SCI+NC group; and
SCl+miR-129-5p group (100 nm solution, every 2 days). Basso-Beattie-Bresnahan (BBB) locomotor rating score
was carried out to determine functional recovery. TUNEL (terminal dUTP nick-end labeling) staining was used
to evaluate cell apoptosis. Hematoxylin and eosin staining was performed to assess the pathological state of
spinal cord. Furthermore, western blot assay was conducted to measure the calpainl and calpain2 expression.

Results: Our data suggested that the expression level of miR-129-5p was markedly reduced in rats after SCI. Then
miR-129-5p mimic was injected into the vertebral canal. We found that the SCl+miR-129-5p group had a high
score in the BBB test compared with the SCI+NC group and the Model group. The overexpression of miR-129-5p
obviously reduced tissue loss, damaged cells, and the number of TUNEL positive cells. Moreover, western
blot assay exhibited that overexpression of miR-129-5p decreased calpaini, calpain2, and cleaved caspase-3
expression.

Conclusions: Our findings suggested that overexpression of miR-129-5p improved neurological function by promoting func-
tional recovery, reducing tissue loss and cell apoptosis in rats in an SCI model, possibly through downregula-
tion of calpain1 and calpain2.
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Background

Spinal cord injury (SCl) is a severe devastating condition as-
sociated with serious disability and neurologic deficits, caus-
ing permanent disability to at least 180 000 people per year
worldwide [1], which brings a heavy financial and psychoso-
cial burden to individuals and their families. The proportion
of traumatic SCI from land transport is increasing especially in
developing countries due to the poor infrastructure and reg-
ulatory challenges of transportation [1]. SCl-induced clinical
symptoms, such as spasticity and mechanical allodynia, are
difficult to manage and harder to completely overcome [2,3].
Currently, there is no effective treatment for SCI, and treat-
ment is mostly limited to supportive measures. It is of great
importance to understand the progress of SCl and explore the
underlying molecular mechanism.

MicroRNAs (miRNAs) are a single-stranded non-coding RNA,
whose transcripts are about 20 nucleotides long. These small
RNAs contribute to the messenger RNA (mRNA) degradation or
transcriptional inhibition via binding directly to target mRNAs
by specificity [4], and are involved in about 30% of human
protein-coding genes regulation [5]. MiRNAs are also critical
regulators for the dynamic nature of both the development
and activity of the nervous system [6]. A growing body of evi-
dence has suggested that aberrant miRNA expression was re-
lated to a variety of central nervous system diseases including
SCI [7]. SCI affects miRNAs expression, and aberrant miRNA ex-
pression has also emerged as a key regulator of processes of
SCl such as inflammation, cell death, and regeneration [7,8].
The recent study disclosed that miR-129-5p expression was
obviously downregulated after spinal cord ischemia-reperfu-
sion (IR) [9]. Intrathecal pretreatment with miR-129-5p mimic
ameliorates neuroinflammation and blood-spinal cord barri-
er damage by downregulating HMGB1 expression and inhib-
iting TLR3-cytokine pathway activation [10]. These findings
suggest that miR-129-5p may provide the protective effect in
spinal cord IR. However, it still remains unclear as to the role
of miR-129-5p in acute SCI. Calpain, a Ca?*-activated ubiqui-
tous intracellular protease, perturbs the integrity and stabil-
ity of cells through the truncation of cytoskeletal and mem-
brane proteins activated after SCI. Besides, upregulation of
calpain promotes apoptosis by activating caspases, most no-
tably caspase-3. Moreover, TargetScan Human 7.1 (www.tar-
getscan.org) was carried out to find that calpainl is a poten-
tial target of miR-129-5p.

In the present study, we aimed to investigate the role of
miR-129-5p in SCI. We found the expression of miR-129-5p
was obviously decreased in a rat model of SCl induced by the
modified Allen’s weight drop apparatus. Then miR-129-5p mim-
ic was injected into the vertebral canal of rats. Overexpression
of miR-129-5p obviously improved neurological function by
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promoting functional recovery, reducing tissue loss and neu-
ronal apoptosis after SCI. Meanwhile, the expression of cas-
pase-3, calpainl, and calpain2 were significantly decreased.

Material and Methods

Animals and treatment

Thirty-six adult male Sprague-Dawley rats (weighing between
200 and 250 g), purchased from the Shanghai SLAC Laboratory
Animal Co. Ltd, were utilized and kept in a normal light cycle
with normal diet. After 4-hour deprivation of water and food,
intraperitoneal injection with ketamine (80 mg/kg) and xyla-
zine (40 mg/kg), a dorsal longitudinal incision was made to
expose spinal segment T9-T11. Then a laminectomy was per-
formed at T10, spinal cord contusions were induced using a
modified Allen’s weight drop apparatus (40 g-cm) to establish
a rat model of SCI. Rats of the Sham group received laminec-
tomy only. This study was carefully performed in accordance
with the National Institutes of Health Guide for the Care and
Use of Laboratory Animals (GB 14925-2001).

The animals were randomly assigned into 4 groups (n=9 in
every group): Sham group; Model group (SCl+saline); SCI+NC
group (100 nmol negative control mimic); SCl+miR-129-5p
group (100 nmol miR-129-5p mimic). For the SCI+NC group
and SCI+miR-129-5p group, intrathecal injections were re-
peatedly performed for every 2 days. 100 nmol of miR-129-5p
mimic and negative control mimic with Lipofectamine 2000
(Invitrogen, MA, USA) was injected into the vertebral canal of
rats after anesthetization to modulate in vivo miR-129-5p ex-
pression as previously described [10]. The sequences of mim-
ic are as follow:

miR-129-5p mimic: 5’-CUUUUUGCGGUCUGGGCUUGC-3’,
5’-AAGCCCAGACCGCAAAAAGUU-3’;

negative control mimic: 5’-UUCUCCGAACGUGUCACGUTT-3,
5’-ACGUGACACGUUCGGAGAATT-3.

At 12 hours, 3 days, and 14 days after BBB score, the spinal
cord tissues were excised for further experiments.

Hematoxylin and eosin (H&E) staining

At 12 hours, 3 days, and 14 days after BBB score, the rats
were anesthetized and per-fused transcardially with 200 mL
of phosphate-buffered saline (PBS) (0.1 mol/L, pH 7.4), fol-
lowed by 400 mL of PBS (pH 7.4) with 4% paraformaldehyde
(PFA). The injury epicenter (about 3-cm-long piece) was ex-
cised from the spinal cord and post-fixed in 4% PFA over-
night. Then fixed tissues were embedded in paraffin and seri-
ally sectioned into 4-pm thick coronal slices and stained with
Hematoxylin-Eosin/HE kit (Solarbio Science & Technology,
Beijing, China) following standard protocols.
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Basso, Beattie and Bresnahan (BBB) score

BBB score was used to evaluate the rats’ neurological func-
tion [11]. The BBB score criteria were divided into 21 scores
(0 for no observable hind limb movement and 21 for normal
locomotion). Scores from 0 to 7 (early stage of recovery), indi-
cated little or no hind limb movement of rats; scores from 8
to 13 (intermediate stage of recovery), indicated uncoordinat-
ed steps of rats; scores from 14 to 21 (late stage of recovery)
indicated coordination of forelimb and hind limb of rats. BBB
testing was performed at 12 hours, 1 day, 3 days, 7 days, and
14 days after spinal cord surgery.

Terminal dUTP nick-end labeling (TUNEL) staining

Cell apoptosis was calculated by using the terminal dUTP nick-
end labeling (TUNEL) Assay Kit (Yeasen, Shanghai, China) fol-
lowing the manufacturer’s instructions. The localized green flu-
orescence of apoptotic cells was observed under fluorescence
microscopy (Axiovert 100M, Zeiss, Oberkochen, Germany) at
400x magnification. The results were expressed as average
number of TUNEL-positive cells per field in each group. Data
were collected from 3 independent experiments.

Western blot analysis

The protein was extracted from spinal cord tissues using a ra-
dioimmunoprecipitation assay (RIPA) lysis buffer kit (BioTek,
Winooski, VT, USA), and equal amount of protein extrac-
tions were separated by 10% sodium dodecyl sulphate-poly-
acrylamide gel electrophoresis (SDS-PAGE) and transferred
onto polyvinylidene difluoride (PVDF) membranes (Millipore
Corporation, Billerica, MA, USA). Blots from spinal cord sam-
ples were incubated with 5% skimmed milk at room temper-
ature for 1 hour. Membranes were incubated with the primary
antibodies overnight at 4°C, followed by secondary antibod-
ies incubation for 2 hours at room temperature. Peroxidase
activity was visualized with an electrochemiluminescent (ECL)
detection reagent (Millipore). The antibodies used were list-
ed as follow: anti-calpain-1 (sc-271313, Santa Cruz, 1: 500),
anti-calpain-2 (sc-373966, Santa Cruz, 1: 500), anti-GAPDH
(sc-47724, Santa Cruz, 1: 1000), m-IgGk BP-HRP (sc-516102,
Santa Cruz, 1: 10 000).

Reverse transcription-quantitative polymerase chain
reaction (RT-qPCR)

Total RNA was isolated with TRIzol (Invitrogen; Thermo Fisher
Scientific, Inc.) according to the supplier’s protocols. The first-
strand cDNA was obtained using the TagMan MicroRNA Reverse
Transcription Kit (Takara, Dalian, China) with special stem-loop
primers. RT-qPCR was carried out using a Perfect Real Time
SYBR Premix Ex Taq Kit (Takara). All procedures were performed
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Figure 1. The expression of miR-129-5p was decreased in SCI
rats. RT-qPCR was performed to detect the expression
of miR-129-5p at 12h, 3d and 14d following spinal cord
surgery. *** P<0.001 versus Sham; ### P<0.001 versus
SCI+NC. miRNA — microRNA; SCI — spinal cord injury;
RT-gPCR - real-time quantitative polymerase chain
reaction; NC — negative control mimic.

according to the protocols of the corresponding manufacturer.
U6 was used as control for the expression of miRNA. The re-
action conditions for PCR included an initial denaturation of
3 minute at 95°C, followed by 40 cycles of 95°C for 30 sec-
onds, 60°C for 30 seconds. The relative expressions of miRNA
were analyzed by the 2722% method. Independent experiments
were repeated 3 times.

Statistical analysis

GraphPad Prism version 6 (GraphPad Prism version 6.0, Inc.,
La Jolla, CA, USA) was used to analyze the statistical data. Data
was expressed as mean + standard deviation. Significant dif-
ferences were analyzed using Student’s t-test or analysis of
variance (ANOVA). P<0.05 was considered to indicate a signif-
icant difference.

Results

The expression of miR-129-5p was decreased in SCI rats

RT-qPCR assay was conducted to measure the level of
miR-129-5p after BBB locomotor rating score at 12 hours,
3 days, and 14 days following spinal cord surgery. The re-
sults showed that the expression of miR-129-5p in the in-
jured group significantly reduced from 12 hours after SCI
compared with the Sham group (Figure 1). In order to further
explore the role of this miRNA in SCI, miR-129-5p mimic was
injected into the vertebral canal of rats after anesthetization
every 2 days (Figure 1).
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Figure 2. Overexpression of miR-129-5p improved functional
recovery in rats after SCI. BBB locomotor rating
score was performed to assess functional recovery
of rats’ hind limbs at 12 hours, 1 day, 3 days,
7 days, and 14 days following spinal cord surgery.
*** P<0.001 versus Sham; # P<0.05, ## P<0.001 versus
SCI+NC. miRNA — microRNA; SCI - spinal cord injury;
BBB — Basso-Beattie-Bresnahan; NC — negative control
mimic.

Overexpression of miR-129-5p improved neurological
function in SCI rats

The BBB locomotor test was performed to assess neurological
function of rats’ hind limbs. We found that the SCl+miR-129-5p
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group exhibited functional recovery at 1 day, and the effect im-
proved with time increased lasted until the 14 days after SCI,
compared with the SCI+NC group (Figure 2). However, there
was no significant difference between the SCI+NC group and
Model group. The results of H&E staining demonstrated that
SClinduced and histological changes of cells including neuro-
nal swelling and shrunken neurons with darkly stained, con-
densed nuclei (Figure 3). Meanwhile, the tissue loss and irreg-
ularly arranged were widely observed in SCI+NC group and
Model group (Figure 3). While in SCl+miR-129-5p group, the
number of damaged cells was markedly decreased, and the
morphology of the injured segments showed reduced diame-
ters with the formation of cavities (Figure 3). TUNEL staining
was performed to assess cell apoptosis. The results showed
that in SCI+NC and Model groups, positive cells were mark-
edly increased and widely distributed, compared with Sham
group (Figure 4). Compared with the SCI+NC group, overex-
pression of miR-129-5p dramatically reduced the number of
TUNEL-positive neurons (Figure 4).

Overexpression of miR-129-5p decreased caspase-3,
calpainl, and calpain2 expression

To further investigate the potential mechanism of protec-
tive effect of miR-129-5p on SCI, western bolt assay was per-
formed. The results of western bolt assays showed that the ex-
pression of cleaved caspase-3, calpainl, and calpain2 protein

SCHNC SCI+miR-129-5p

e

Figure 3. Overexpression of miR-129-5p reduce tissue loss and damaged cells. H&E staining was performed to assess histological
changes at 12h, 3d and 14d following spinal cord surgery. H&E — hematoxylin and eosin.
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Figure 4. Overexpression of miR-129-5p reduce cell apoptosis. TUNEL staining was performed at 12 hours (A), 3 days (B), and
14 days (C) following spinal cord surgery. ** P<0.01, *** P<0.001 versus Sham; #* P<0.01, ##* P<0.001 versus SCI+NC.
TUNEL - terminal dUTP nick-end labeling; SCI — spinal cord injury; NC — negative control mimic.

were significantly increased after injury. While, upregulation of
miR-129-5p markedly decreased cleaved caspase-3, calpainl,
and calpain2 expression (Figure 5). Besides, an inverse rela-
tionship between calpain1 (r=—0.6490) or calpain2 (r=—0.6534)
expression and miR-129-5p were observed in spinal cord tis-
sues (Figure 6).

Discussion

In recent years, the role of miRNAs in SCI has been highlighted
due to their potential in diagnosis and treatment. In present
study, we found that the level of miR-129-5p was obviously re-
duced with the injury time increased. Then miR-129-5p mimic
was injected into the vertebral canal of rats after anesthetiza-
tion. Overexpression of miR-129-5p obviously improved neu-
rological function by promoting functional recovery, reducing
tissue loss and neuronal apoptosis after SCI. In follow-up ex-
periments, upregulation of miR-129-5p significantly decreased
caspase-3, calpainl, and calpain2 expression. Importantly,
through data analysis, we found an inverse correlation be-
tween calpainl or calpain2 expression with miR-129-5p in
spinal cord tissues. These results imply that the expression of
miR-129-5p was markedly reduced after SCI. And overexpres-
sion of miR-129-5p promoted functional recovery, inhibited
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tissue loss and cell apoptosis in rats after SCI, possibly through
downregulation of calpainl and calpain2.

SCI affects miRNAs expression, and aberrant expression of
miRNAs is closely associated with various secondary injury re-
sponses including inflammation, oxidative stress, and apopto-
sis [7]. A growing body of evidence has suggested that various
miRNAs are dysregulated in SCI animal models. For example,
miR-137 is downregulated in rats after SCI, overexpression of
miR-137 reduce the inflammation level, apoptosis and oxida-
tive stress of the secondary injury responses [12,13]. Juan et al.
compared miRNA levels between the Mexican axolotl salaman-
der (Ambystoma mexicanum) and rat following spinal cord in-
jury. MiR-125b was chosen for further study, and the authors
found that miR-125b was essential for functional recovery,
and it guides correct regeneration of axons through the le-
sion site via direct downstream target Sema4D in axolotls [14].
MiR-129-5p acts as a tumor suppressor and has been widely
studied in different cancer including colon cancer [15], non-
small cell lung cancer [16], bone cancer [17], and breast can-
cer [18]. However, the role of miR-129-5p in the acute SCI still
remains unclear. A recent study suggested that miR-129-5p
expression was obviously downregulated after spinal cord IR.
Moreover, increasing miR-129-5p levels played a protective
role against IR [10]. Consistent with the previous study, in the
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Figure 5. Overexpression of miR-129-5p decreased caspase-3, calpaini, and calpain2 expression. Western blot assay was conducted to
detect the protein expression of caspase-3, calpainl, and calpain2. * P<0.05, *** P<0.001 versus Sham; #* P<0.05, ## P<0.001
versus SCI+NC. SCI - spinal cord injury; NC — negative control mimic.

present study, the expression of miR-129-5p showed a rapid
~40% reduction at 12 hours after injury, which was found to
decrease until 14 days. Thereby, miR-129-5p, might be a prom-
ising biomarker of the development of SCI. And the functional
assays have demonstrated that miR-129-5p provided the pro-
tective effect of the spinal cord injury in rats, so it could be a
potentially therapeutic target against SCI. Moreover, western
blot assays showed that the expression of calpain1, calpain2,
and cleaved caspase-3 were decreased after overexpression

of miR-129-5p. Calpain, which activated by aberrant Ca** ho-
meostasis following SCl, has been shown to play a crucial role
in the pathophysiology of SCI [19]. Administration of specific
inhibitors of calpain has provided significant neuroprotection
in experimental animal models of SCI [20]. Yu et al. demon-
strated that calpain1 knockdown significantly reduced patho-
logical damage and improved total tissue sparing through pre-
injury intraspinal administration of LV-CAPN1shRNA [21]. Our
data showed that overexpression of miR-129-5p significantly
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Figure 6. The inverse correlation between calpainl (r=-0.6490, P<0.001) (A) or calpain2 (r=—0.6534, P<0.001) (B) expression with

miR-129-5p.

reduced the levels of calpainl, calpain2, and caspase-3. And
there was an inverse correlation between calpainl or calpain2
expression with miR-129-5p in spinal cord tissues, indicating
that overexpression of miR-129-5p exerted the functions like-
ly through the negative-regulation of calpainl and calpain2.

Due to the serious situation of SCI, researcher have been focus-
ing more and more attention on SCl therapy, and made some
progress in basic research and/or clinical trials [22]. For exam-
ple, Yan X et al. found that botulinum toxin A, derived from
Clostridium botulinum, might be an effective therapeutic op-
tion for SCl-induced spasticity in clinical trials [23]. Wu Y et al.
reported a therapeutic effect of Erbin inhibitor on spinal cord
contusion in mice [24]. Besides, with the advancement in bio-
technology, cell therapy using cell transplantation is also un-
der investigation for SCl treatment [2,22]. Nevertheless, more
efforts should be devoted to diagnosis, therapy, and progno-
sis to improve the living environment of SCI patients. In this
study, we discovered a novel protective miRNA against SCI.
The role of miR-129-5p in acute SCI was first reported in our
study. Besides, we disclosed the potential molecular mecha-
nism of improved acute SCI by miR-129-5p overexpression. The
relation of miR-129-5p and calpain was also first disclosed in
this study, laying a foundation for the further exploration con-
cerning on miR-129-5p, calpainl, and calpain2 in acute SCI,
even other relative diseases, and providing a new diagnosed
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