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MiR-137-5p alleviates inflammation
by upregulating IL-10R1 expression in rats
with spinal cord injury
Z.-C. LV1, X.-Y. CAO2, Y.-X. GUO3, X.-D. ZHANG4, J. DING1,
J. GENG1, K. FENG5, H. NIU1
Department of Spine Surgery, Luoyang Orthopedic Hospital of Henan Province, Zhengzhou, China
Orthopaedic Clinical Laboratory, Luoyang Orthopedic Hospital of Henan Province, Zhengzhou, China
3
Pingle Bone-Setting Laboratory, Luoyang Orthopedic Hospital of Henan Province, Zhengzhou, China
4
Department of Pain, Luoyang Orthopedic Hospital of Henan Province, Zhengzhou, China
5
Biochemical Laboratory, Orthopedic Institute of Henan Province, Luoyang, China
1
2

Abstract. – OBJECTIVE: This study aims to explore the potential functions of miR-137-5p and
interleukin-10R1 (IL-10R1) in mediating the immune inflammation after spinal cord injury (SCI).
MATERIALS AND METHODS: Firstly, primary microglia were isolated from the spinal cord
of newborn rats. Expression levels of miR-1375p and IL-10R1 in LPS-induced microglia were
determined by quantitative Real-time polymerase chain reaction (qRT-PCR). In addition,
mRNA expressions of Janus kinase (Jak1) and
signal transducer and activator of transcription
3 (STAT3) were also examined by qRT-PCR. SCI
model in rats was established and randomly assigned to three different groups: Sham group,
SCI group and miR-137-5p mimic group. Within
one week of spinal injury, relative levels of miR137-5p and IL-10R1 in rats of different groups
were detected by qRT-PCR. The mRNA levels of
JAK1, tyrosine kinase (Tyk2) and STAT3 in rats
were also measured. Moreover, protein expression of IL-1β, TNF-α and IL-6 in rats was measured by Western blotting. Finally, the improvement of locomotor function in three groups of
rats within 4 weeks via BBB rating scale.
RESULTS: Transfection of miR-137-5p mimics
upregulated relative levels of IL-10R1, JAK1 and
STAT3 in in vitro cultured microglia. Similarly, IL10R1/JAK1/STAT3 pathway was activated in rats
administrated with miR-137-5p mimics. Nevertheless, relative levels of classical inflammatory
stimulators IL-1β, TNF-α and IL-6 were downregulated accordingly by miR-137-5p overexpression. Moreover, miR-137-5p effectively improved
the locomotor function of rats after SCI.
CONCLUSIONS: MiR-137-5p exerts an anti-inflammatory response by upregulating IL-10R1,
thus improving locomotor function and alleviating spinal cord injury.
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Introduction
The morbidity rate of central nervous system
(CNS) injury, especially spinal cord injury (SCI),
has shown an increasing trend each year. It is
estimated that there are about 253,000 patients
suffering from SCI, and 11,000 newly onset each
year in the United States. The major reasons for
SCI include the gunshot penetrating wound and
violence in other forms (26%), non-penetrating
injuries caused by traffic accidents (38%), sporting accidents (7%) and falling (22%)1. Severe
neurological deficits and disability are secondary
injuries, leading to the loss of sensory and motor
ability (paraplegia or quadriplegia)2. In addition,
SCI will result in multiple organ dysfunction in a
long-term period. SCI has a great influence on the
physiological, psychological and social behaviors
of these patients, posing a huge economic burden
on families and society3. Therefore, researches
on its treatment are urgently needed to improve
the prognosis of affected people. The activation
of secondary immune inflammation at post-SCI
is a key-influencing factor for tissue damage4.
Effective control of post-SCI inflammation is a
breakthrough to minimize the adverse outcomes.
Interleukin-10 (IL-10) is the most important and
characteristic anti-inflammatory cytokine, which
inhibits inflammation by suppressing expressions
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of pro-inflammatory cytokines and activating
macrophages and microglia. IL-10 is capable of
limiting the expression of antigen to T cells, directly inhibiting T cells, and regulating the differentiation and proliferation of macrophages,
microglia, T cells and B cells5. The IL-10 family
forms the class II cytokine family, in which IL10 is the only member that can effectively inhibit
the production of pro-inflammatory cytokines6.
In CNS, IL-10 is produced after the activation
of microglia, and subsequently it inhibits the release of a variety of pro-inflammatory cytokines,
including IL-1α, IL-1β, IL-6, IL-12, IL-18 and
tumor necrosis factor (TNF)7. In particular, IL10 becomes a key regulator of inflammation due
to its inhibitory effect on the release of IL-1 and
TNF8. Its anti-inflammatory effect is activated
when IL-10 forms the homodimer-IL-10 receptor and in turn binds to the cell-binding receptor
structure. The receptor is a tetrameric complex
composed of two molecules of IL-10R1. IL-10R1
is a kind of protein with 80,000 kDa. It consists
227 amino acid residues in the extracellular domain, 21 residues in the transmembrane domain
and 322 amino acids in the intracellular domain.
IL-10 binds to IL-10R1 with a high affinity compared with that of IL-10R29. After IL-10 binds to
IL-10R1, two members of the Janus kinase family are activated at the tyrosine residues 446 and
496, namely the Janus kinase (Jak1) and tyrosine
kinase (Tyk2), thus activating the connection site
of signal transducer and activator of transcription
3 (STAT3)10. Subsequently, Jak1 and Tyk 2 phosphorylate STAT3 at the tyrosine residue 705 and
transport the dimer to the nucleus, thus mediating
target genes. Micro ribonucleic acids (miRNAs)
are a kind of endogenous small-fragment RNAs
with about 20-24 nucleotides in length, which
possess important regulatory effects in cells11.
Dysregulation and disorders of various miRNAs
occur after SCI. Some certain miRNAs may have
an extremely important influence on the survival or apoptosis of spinal cord cells after injury12.
Regulations on these miRNAs may be effective
interventions for controlling the secondary inflammation at post-SCI.

Materials and Methods
Culture of Primary Microglia
This study was approved by the Animal Ethics Committee of Luoyang Orthopedic Hospital
of Henan Province Animal Center. The newborn
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Sprague-Dawley (SD) rats were soaked into 75%
alcohol for 5 minutes and sacrificed. Rat brain was
harvested for extracting microglia. The extracted
single cells were inoculated in a Poly-L-lysine (0.1
mg/mL)-coated 75 cm2 culture flask supplied with
Dulbecco’s modified Eagle medium (DMEM)
(Gibco, Rockville, MD, USA) containing 10% fetal bovine serum (FBS) (Gibco, Rockville, MD,
USA) and 1% penicillin/streptomycin. Cells were
cultured in an incubator at 37°C for 14 days. The
culture flask was placed on a shaking bed (200
rpm for 3-4 hours) and the unadherent cells were
collected, that were microglia. Subsequently, microglia were cultured in a 6-well plate with 5×105/
mL and subjected to 100 ng/mL LPS (Solarbio,
Beijing, China) induction for 24 h.
Animals and Grouping
A total of 27 male Sprague Dawley (SD) rats
(280-320 g in weight and 6-8 weeks old) were
fed under normal ambient condition with 12
hours of light/dark cycle. They had free accesses to food and water. Rats were randomly assigned into three different groups: Sham group,
SCI group and miR-137-5p mimic group. Rats
in sham group were subjected to laminectomy
without any other special procedures. Rats in
SCI group were treated with the moderate spinal contusion and injected with normal saline.
After SCI procedures, rats in miR-137-5p mimic group were intrathecally injected with exogenous miR-137-5p mimics. All rats were fed
under normal conditions after the model was
accomplished.
Establishment of SCI Model in Rats
Rats were anesthetized by intraperitoneal injection of 10% chloral hydrate, and placed on
the operating table in the prone position. The
skin of the surgical site was disinfected with iodophor after removing the back hair. The skin,
fascia and deep muscle tissues were sequentially separated to expose the lamina. T9-T11 vertebral plates were removed to expose the dorsal
spinal cord. The instrument was aimed at the
dorsal midline of the spinal cord and struck the
dorsal spinal cord with an impactor (a 10 g iron
cudgel, 3.0 mm in diameter and 2 cm altitude).
Spinal cord ischemia, tail flick reflex, lower extremity extension, and secondary paralysis in
rats after spinal cord impact were considered
as successful establishment of the SCI model.
After the spinal cord strike, the operation area
was flushed with normal saline. The incision
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was sutured, and the site of the operation was
disinfected again with iodophor.

hanced chemiluminescence (ECL) (Thermo Fisher Scientific, Waltham, MA, USA).

Quantitative Real-Time Polymerase Chain
Reaction (qRT-PCR)
Cells or tissues were lysed using pre-cooled
TRIzol reagent (Invitrogen, Carlsbad, CA, USA)
and centrifuged after incubating with chloroform
and isopropanol and finally washed using ethanol.
The concentrations of extracted mRNAs were
determined. Primer sequences were as follows:
miR-137-5p F: 5′-TGACAGCGGTAGCAGAGGCAGAG-3′; miR-137-5p R: 5′-CCGCTGCCCGCCTGCCGCTGGTA-3′. IL-10R F: 5′-TTCCTGAGGCGTCCTGGTAAAATG-3′; IL-10R R:
5′-TCCTCATCAAGGAGGTCCATGTCC-3′.
JAK1 F: 5′-GGAGGAGCAGAATCCAGACAT-3′;
JAK1 R: 5′-TCAACCTTCCCAAAGTGACC-3′.
STAT3 F: 5′-CTGAGTGAGCGTGGGTGAT-3′;
STAT3 R: 5′-ACAGGCGGACAGAACATAGG-3′.
GAPDH F: 5′-ACAGCAACAGGGTGGTGGAC-3′; GAPDH R: 5′-TTTGAGGGTGCAGCGAACTT-3′.
The qualified mRNA was reversely transcribed
into the complementary deoxyribonucleic acid
(cDNA) with the reverse transcription kit, followed by qRT-PCR using SYBR Green Master
Mix (TaKaRa, Otsu, Shiga, Japan). Finally, relevant level of target gene was analyzed by the
2-∆∆CT method.

Behavioral Analysis
At day 1, 7, 14, 21 and 28 after SCI and miR137-5p administration, hindlimb motor function
was evaluated utilizing the Basso, Beattie, and
Bresnahan (BBB) rating scale. Behavioral analysis was performed by two researches independently with the locomotor score ranging from 0 to 21
points (0 point=no movement and 21 points= normal movement).

Western blot
The extracted spinal cord tissues were lysed
using the whole cell lysis buffer containing the
protease inhibitor at 4°C, and centrifuged at 4°C,
14,000 rpm for 15 min. Protein concentration was
determined with the bicinchoninic acid (BCA)
(Pierce, Rockford, IL, USA). Equal amount of
protein was separated via the 10% sodium dodecyl sulfate-polyacrylamide gel. The separated
protein was transferred onto a polyvinylidene
difluoride (PVDF) membrane (Millipore, Billerica, MA, USA). Subsequently, membranes were
sealed in 5% non-fat skim milk to block the binding of nonspecific antigens at room temperature
for 1 h. The membranes were washed 5 min by
Tris-buffered saline and Tween-20 (TBST) and
repeated for 3 times. The membranes were then
incubated overnight at 4°C with primary antibodies of IL-1β (1:200), TNF-α (1:500), IL-6 (1:1000)
and GAPDH (1:10000). After washing with TBST
for 3 times, with 10 min in each, the membranes
were incubated with corresponding secondary
antibodies. Band exposure was achieved by en-

Statistical Analysis
Data were analyzed using Statistical Product
and Service Solutions 18.0 software (SPSS Inc.,
Chicago, IL, USA) and expressed as mean ± SEM
(Standard Error of Mean) (` χ±s). Intergroup difference was analyzed by the t-test. p <0.05 was
considered as statistically significant.

Results
Downregulated miR-137-5p and
Inactivated IL-10R1/JAK1/STAT3
Pathway in LPS-Induced Microglial
IL-10R1/JAK1/STAT3 pathway is an important
signaling pathway in the inflammatory response.
Microglial transformed to typical inflammatory M1 cells after LPS induction. In this study,
we found that miR-137-5p was downregulated
in LPS-induced microglia, as well as IL-10R1
(Figure 1A). In addition, expressions of JAK1
and STAT3 in the downstream signal pathway
of IL-10R1 were inhibited (Figure 1B). The data
confirmed that the expression of miR-137-5p and
the activation of IL-10R1/JAK1/STAT3 pathway
were inhibited in LPS-induced microglia.
Upregulation of miR-137-5p Enhanced
the Effect of IL-10R1/JAK1/STAT3
Pathway in Microglia Inflammation
Here, we constructed miR-137-5p mimics and
qRT-PCR data that revealed that IL-10R1 level
was upregulated in microglia transfected with
miR-137-5p mimics (Figure 2A). Furthermore,
the IL-10R1/JAK1/STAT3 pathway was activated after miR-137-5p overexpression (Figure 2B).
These results suggested that overexpression of
miR-137-5p could effectively reinforce the activity of IL-10R1 in the process of microglia inflammation.
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Figure 1. Downregulated miR-137-5p and inactivated IL-10R1/JAK1/STAT3 pathway in LPS-induced microglia. A, Downregulated miR-137-5p and IL-10R1 in LPS-induced microglia. B, The mRNA levels of IL-10R1 and the downstream genes.

Downregulation of miR-137-5p and IL10R1 Alleviated Inflammation at Post-SCI
The activation of microglia after SCI is closely
related to secondary inflammation, which is a major regulator in the prognosis of neural function
remodeling. The level of miR-137-5p was gradually downregulated in spinal cord of SCI rats within
one week after injury, showing the minimum level at day 5 (Figure 3A). Accordingly, a prominent
decrease in the expressions of IL-10R1, JAK1 and
STAT3 was identified in SCI rats at day 5 (Figure 3B). In addition, inflammatory factors were
greatly upregulated at post-SCI at the protein levels (Figure 3C, 3D).

Overexpression of miR-137-5p
Upregulated IL-10R1 and its
Downstream Genes
SCI rats were subjected to intrathecal administration of miR-137-5p mimics to upregulate in
vivo expression of miR-137-5p. Upregulated miR137-5p was observed within one week after SCI
(Figure 4A). Moreover, mRNA levels of IL-10R1,
JAK1 and STAT3 were elevated at day 5 after SCI
(Figure 4B). Notably, relative levels of pro-inflammatory factors were sharply reduced in SCI
rats administrated with miR-137-5p mimics at day
5 (Figure 4C, 4D).

Figure 2. Overexpression of miR-137-5p activated IL-10R1/JAK1/STAT3 pathway in microglia. A, Transfection of miR-1375p mimics upregulated miR-137-5p and IL-10R1. B, Relative expressions of JAK1 and STAT3 were significantly upregulated
after transfection of miR-137-5p mimics.
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Figure 3. Downregulation of miR-137-5p and IL-10R1 levels mediated inflammatory factors at post-SCI. A, MiR-137-5p
expression significantly decreased one week after SCI. B, Expressions of IL10R1, JAK1 and STAT3 markedly downregulated
at day 5 after SCI. C, Protein levels of IL-1 β, TNF- α and IL-6 significantly decreased at day 5 after SCI. D, The difference of
protein level was statistically significant after gray value analysis.

Overexpression of miR-137-5p Enhanced
the Recovery of Locomotor Function
in SCI Rats
Locomotor function of rats was evaluated at
the fourth week according to BBB rating scale.
The results indicated that the locomotor function
of rats in sham group was almost normal. The
score of rats in SCI group was very low, and there
was no obvious recovery during the 4 weeks.
However, the locomotor function score of rats administrated with miR-137-5p mimics exhibited a
distinguished increase within 4 weeks after SCI
(Figure 5). These results suggested that overexpression of miR-137-5p promoted the recovery of
locomotor function after SCI.

Discussion
Neurological dysfunction, motor and sensory
disturbance after SCI severely affect the longterm life quality of affected people13. Effective
therapeutic measures are urgently required to
improve the clinical outcomes. Dysregulation of

SCI-relevant miRNAs has a crucial influence on
the stability of the spinal cord function14. These
certain miRNAs may indicate the prognosis of
SCI. It is reported that miR-494 promotes functional recovery and inhibits neuronal apoptosis
in SCI rats through regulating the PTEN/AKT/
mTOR pathway15. IL-1β aggravates the progression of SCI through inducing the activation of
NF-κB and up-regulating miR-37216. Moreover,
miR-17-5p can induce the astrocyte proliferation
after SCI17. Therefore, we believed that certain
miRNAs participate in the reconstruction of
nervous system and motor function recovery
at post-SCI. IL-10, a classical anti-inflammatory factor, regulates the inflammatory response
mainly through binding to IL-10R1. IL-10 not
only controls the release of pro-inflammatory
cytokines and effectors, but also upregulates
the expressions of anti-inflammatory proteins,
including the IL-1 receptor antagonist (IL-1RA)
and soluble TNF receptors18. Besides, the destructive activity of matrix metalloproteinase
(MMP) is inhibited through upregulating tissue
inhibitors of MMPs and inhibiting the produc4555
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Figure 4. Overexpression of miR-137-5p upregulated IL-10R1 and its downstream genes. A, Overexpression of miR-137-5p
significantly increased the level of miR-137-5p in spinal cord within one week after spinal cord injury. B, IL-10R1/JAK1/STAT3
pathway was activated at day 5 after SCI. C, Expressions of pro-inflammatory factors were downregulated at day 5 after SCI. D,
The differences of pro-inflammatory factors levels were statistically significant according to the gray value analysis.

croglia 20. In this study, the correlation between
miR-137-5p and IL-10R1 was observed. MiR137-5p was downregulated after SCI. Overexpression of miR-137-5p upregulated IL-10R1,
thus exerting anti-inflammatory effect in SCI
rats. Moreover, in vivo administration of miR137-5p mimics in SCI rats markedly improved
their motor function. This study provides a new
direction for the SCI treatment. Prevention and
alleviation of secondary inflammation at postSCI are beneficial to the long-term reconstruction of neural structure.

Conclusions
Figure 5. Overexpression of miR-137-5p improved the recovery of locomotor function in SCI rates. According to BBB
rating scale, the recovery of locomotor function in rats administrated with miR-137-5p mimics at day after SCI.

We indicated that MiR-137-5p exerts an anti-inflammatory response by upregulating IL-10R1,
thus alleviating spinal cord injury and improving
motor function.

tion of MMP-2 and MMP-919. IL-10 can also effectively reduce the release of superoxide anion
(O2-) and nitric oxide (NO) in macrophages/mi-
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