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Abstract. - OBJECTIVE: We investigate
whether microRNA-27a-3p (miR-27a-3p) can in-
hibit the inflammatory response of spinal cord
injury by negatively regulating toll-like recep-
tor 4 (TLRA4).

PATIENTS AND METHODS: The quantitative
Real-time polymerase chain reaction (QRT-PCR)
assay was used to detect the expression of
miR-27a-3p and TLR4 in serum samples from
patients with spinal cord injury and in hydrogen
peroxide-treated C8-B4 and C8-D1A cells. Dual
luciferase reporter assays were used to detect
targeted binding of TLR4 to miR-27a-3p. The
protein expression of miR-27a-3p and TLR4 and
the two inflammatory factors, tumor necrosis
factor a (TNF-a) and interleukin 6 (IL-6), were all
detected by Western blot.

RESULTS: TLR4 expression was elevated and
miR-27a-3p was decreased in serum samples from
patients with spinal cord injury and in hydrogen
peroxide-treated C8-D1A and C8-B4 cells. Dual
luciferase reporter assays results demonstrated
that miR-27a-3p can bind to TLR4. Up-regulation
of miR-27a-3p can decrease the expression of
TNF-a and IL-6 and can also reduce TLR4 expres-
sion. After overexpression of TLR4, the expres-
sion of TNF-a and IL-6 were increased.

CONCLUSIONS: miR-27a-3p can inhibit the
inflammatory response of spinal cord injury by
negatively regulating TLR4.
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Introduction

Spinal cord injury (SCI) is one of the main caus-
es of disability'. Its pathophysiological process in-
cludes primary injury and secondary injury?. Sec-
ondary injury initially results in the recruitment of
a large number of peripheral inflammatory cells,
with a strong inflammatory response and subse-
quent glial cell death®*. After spinal cord injury,
there will be not only oxidative stress reaction, cell
necrosis and apoptosis, but also a large number of
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inflammatory mediators locally, leading to immu-
no-inflammatory reactions. The ability to control
or suppress the inflammatory response directly af-
fects the recovery of spinal cord injury.
MicroRNAs are small RNAs that act as a cru-
cial regulation role at the post-transcriptional level.
They are about 19 to 25 nucleotides in length and
can induce the formation of gene silencing complex-
es to cause degradation of the target gene mRNA
or interfere with its translation®. Recent studies have
demonstrated that microRNAs are closely related to
tumor diagnosis, radiotherapy and chemotherapy
tolerance, and prognostic testing®.
microRNA-27a-3p (miR-27a-3p) has been con-
firmed as one of the members involved in the
progression of various diseases. miR-27a-3p can
increase the sensitivity of acute myelogenous leu-
kemia TRAIL therapy by targeting the interference
of the expression of PLAGI1”. miR-27a-3p can also
inhibit the migration and invasion of fibroblast-like
synovial cells in patients with theumatoid arthritis
by inhibiting the expression of FSTL1 gene and in-
terfering with the transmission of toll-like receptor
4 (TLR4)/NFxB signaling pathway?®. In the latest
study have demonstrated that miR-27a-3p can al-
leviate mitral valve inflammation in valvular heart
disease’. The aim of this study was to investigate
whether miR-27a-3p has a similar effect on the in-
flammatory response to spinal cord injury.

Patients and Methods

Object and Sample Collection

Serum samples of SCI patients and non-SCI
serum samples from The Third Hospital of Hebei
Medical University from May 2016 to May 2017
were collected and stored in liquid nitrogen until
use. All cases were diagnosed according to ASIA
(2011). All patients participated in this study all
signed informed consent. This study was ap-
proved by the The Third Hospital of Hebei Medi-
cal University Research Ethics Committee.
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Cell Culture and Hydrogen Peroxide
Treatment

Murine astrocytes C8-D1A and C8-B4 were
purchased from American Type Culture Col-
lection (ATCC) (Manassas, VA, USA) and cul-
tured with Dulbecco’s modified eagle Medium
(DMEM) containing 10% (v/v) fetal bovine serum
(FBS) (Invitrogen, Carlsbad, CA, USA). All cells
were cultured in a 37°C incubator containing 5%
carbon dioxide. 10 uM hydrogen peroxide con-
centration (Sigma-Aldrich, St. Louis, MO, USA)
were added to cultured C8-D1A/C8-B4 cells for
12 h and then the cells were used for detection.

Cells Transfection

The cells in log phase with better vitality were
selected and transfected according to Lipofect-
amine 2000 instructions (Invitrogen, Carlsbad,
CA, USA). miR-27a-3p NC, mimics, inhibitor and
TLR4 overexpression plasmids and the negative
control were transfected into cells, respectively.
The culture medium was changed 6 h after trans-
fection.

RNA Extraction and Quantitative
Real-Time Polymerase Chain Reaction
(GRT-PCR)

The total RNAs of the cells were extract-
ed using the TRIzol kit (Invitrogen, Carlsbad,
CA, USA), then reverse-transcribed into com-
plementary DNAs (cDNAs). The cDNAs were
diluted with RNase-containing deionized wa-
ter and adjusted to a final concentration of
3 ng/uL. Quantitative PCR procedures were
performed according to the SYBR Green PCR
Kit (TaKaRa, Otsu, Shiga, Japan) instructions
and the total reaction system was 10 pL. The
qRT-PCR parameters were: pre-denaturation
at 95°C for 15 min, denaturation at 94°C for 15
s, 55°C for 30 s, extension at 72°C for 30 s, and
40 cycles. Primer sequences were as follow-
ing: TNF-a (F: 5-CCACGTCGTAGCAG-
CAAACCACCAAG-3’,R: 5-CAGGTACAT-
GGGCTCCTCATACC-3); IL-6 (F: 5°-TG-
TATGAACAACGATGATGCACTT-3",
R: 5-ACTCTGGCTTTGTCTTTCTTGT-
TATCT-3’); U6 (F: 5°- CGCTTCGGCAG-
CACATATAC-3’, R: 5-TTCACGAATTTG-
CGTGTCAT-3"), GAPDH (F: 5-GGAATC-
CACTGGCGTCTTCA-3’, R: 5-GGTTCAC-
GCCCATCACAAAC-3), miR-27a-3p (F:
5>-CCCAAGCTTACTGTGAAACTGTGAAAC-
GTGAAACTGTGAAACTGTGAAACTGT-
GAATCTAGAGC-3’,R: 5’>-GCTCTAGATTTCA-

CAGTTTCACAGTTTCACAGTTTCA-
CAGTTTCACAGTAAGCTTGGG-3), TLR4
(F: 5-ACCTGTCCCTGAACCCTATGAA-3* R:
5’-CTTCTAAACCAGCCAGACCTTG-3’)

Serum RNA Extraction

0.25 mL of serum and 2-8 pL of Polyacryl
Carrier were added to 0.75 mL of TRI Reagent
BD, then 0.2 mL of chloroform was added. After
shaken for 15 seconds, the serum were incubated
for 2-5 min, and centrifuged at 12000 g for 15 min
at 4°C. After centrifugation, the aqueous com-
plex was transferred to another centrifuge tube.
Isopropanol was added to the mixture to extract
RNAs. After the gel-like or white RNA was cen-
trifuged, a precipitate formed at the bottom of the
tube. Ethanol was added and the RNA precipitate
was mixed and washed. The ethanol solution was
removed after centrifugation and the RNA was
dried in air for 5 min. The RNA was dissolved
and collected at -80°C until use.

microRNA Reverse Transcription and
qRT-PCR

The reverse transcription product was diluted
with RNase-containing deionized water and ad-
justed to a final concentration of 3 ng/uL. Quanti-
tative PCR procedures were performed according
to the SYBR Green PCR Kit instructions and the
total reaction system was 10 pL. The qRT-PCR
parameters were: pre-denaturation at 95°C for 15
min, denaturation at 94°C for 15 s, 55°C for 30 s,
extension at 72°C for 30 s, and 40 cycles.

Western Blot

Cell lysates containing the protease inhibitor
phenylmethylsulfonyl fluoride (PMSF) (Beyo-
time, Shanghai, China) were added to lyse cells
on ice. The lysate was collected and aspirated
with centrifuging at 12000 r/min for 20 min. The
supernatant was taken and the concentration of
total protein was measured by the bicinchoninic
acid (BCA) assay (Pierce, Rockford, IL, USA).
50 pg of total protein were taken from samples
for sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE). After finished, the
membrane was blocked with skim milk for 2
hours and eluted with Tris-buffered saline and
Tween 20 (TBST) 6 times for 10 min. The spe-
cific primary antibodies were added and blocked
the membrane overnight. The secondary antibody
was incubated the next day after the membrane
was washed with TBST. Finally, the membrane
was exposured.
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Dual Luciferase Reporter Assay

The 3° UTR sequence of TLR4 was download-
ed from the NCBI website to construct the TLR4
wild-type sequence TLR4 WT 3 UTR and the
mutant sequence TLR4 MUT 3’ UTR. Cells were
subsequently plated and co-transfected with 50
pmol/L miR-27a-3p mimics and 80 ng TLR4 mu-
tant plasmids. Negative controls were set. After
48 hours of transfection, the fluorescence intensi-
ty was measured.

Statistical Analysis

Statistical Product and Service Solutions
(SPSS) 19.0 statistical software (IBM, Armonk,
NY, USA) was used for analysis. Measurement
data were analyzed by t-test. Data were expressed
as meantstandard deviation. The difference was
statistically significant at p<0.05.

Results

Decreased Expression of miR-27a-3p
and Increased Expression of TLR4
in Patients with SC/

We first detected the expression of miR-27a-
3p in peripheral serum samples of SCI patients
and non-SCI patients by qRT-PCR. We found
that the expression of miR-27a-3p in peripheral
blood of SCI patients was strikingly lower than
that of non-SCI patients (Figure 1A). And serum
TLR4 expression was increased in SCI patients
(Figure 1B). We also found that low expression of
miR-27a-3p in hydrogen peroxide-treated C8-B4
and C8-DIA cells (Figure 1C). In order to reveal
the protein expression of TLR4 in these samples,
we used Western blot to detect the expression of
TLR4. We found that TLR4 expression was higher
in peripheral blood of SCI patients comparing to
controls (Figure 1D, 1E). The expression of TLR4
mRNA and proteins were significantly increased
in rat glial cells treated with hydrogen peroxide
(Figure 1F-1H). Finally, we overexpressed and
knocked out miR-27a-3p at the cellular level, re-
spectively. RT-PCR detected the expected trans-
fection effect in both C8-B4 and C8-DIA cells
(Figure 11).

Overexpression of miR-27a-3p Reduced
Inflammatory Factor Expression

In order to study the role of miR-27a-3p in
hydrogen peroxide-treated C8-B4 and C8-D1A
cells, we overexpressed miR-27a-3p in cells to ob-
serve the expression of inflammatory cytokines
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IL6 and TNF-a. The results demonstrated that
TNF-a and IL6 mRNA expression was strikingly
downregulated (Figure 2A, 2D). Western blot ex-
periments demonstrated that after overexpression
of miR-27a-3p, the protein levels of inflammato-
ry cytokines TNF-a and IL6 were significantly
down-regulated in both cells (Figure 2B-C, 2E-
F). Based on the findings, we speculate that miR-
27a-3p can reduce the expression of inflammatory
factors.

miR-27a-3p can Bind to TLR4
and Reduce TLR4 Expression

Further, we explored the relationship between
miR-27a-3p and TLR4. The results demonstrated
that TLR4 expression was strikingly down-regu-
lated after overexpression of miR-27a-3p, while
the expression of TLR4 was down-regulated when
miR-27a-3p were knocked out. The protein result
was same as mRNA outcome (Figure 3B, 3C). We
then used online bioinformatics tools to predict
the presence of the miR-27a-3p binding region in
the 3’UTR region of We used online bioinformat-
ics tools to predict the presence of the miR-27a-
3p base pair binding region in the TLR4 3’UTR
region (Figure 3D). We explored the relationship
between miR-27a-3p and TLR4 by Dual Reporter
Luciferase Assay. miR-27a-3p-mimcs bind tightly
to wild-type TLR4, with a decrease in luciferase
activity (Figure 3E, 3F). We conclude that miR-
27a-3p and TLR4 can target binding.

TLR4 can Attenuate the Inhibitory Effect
of miR-27a-3p on Inflammation

We further confirmed the relationship between
TLR4 and miR-27a-3p by recovery experiments.
After overexpression of miR-27a-3p, the protein
expression of inflammatory cytokines TNF-o and
IL6 were significantly down-regulated. Overex-
pression of TLR4 also partially reversed the in-
hibitory effect of miR-27a-3p on inflammatory
responses (Figure 4A-B).

Discussion

Spinal cord injury (SCI) is a disease with high
incidence, mortality, disability, and high treat-
ment costs'®!2. Spinal cord injuries are caused by
traumatic and other violent factors, and lead to
deep venous thrombosis, sexual dysfunction and
other serious complications'. The incidence rate
has been rising year by year. There are 10,000
new cases in the United States each year', and
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Figure 1. miR-27a-3p was lowly expressed and TLR4 was highly expressed in patients with spinal cord injury. A, miR-27a-3p
was lowly expressed in the peripheral blood of patients with spinal cord injury. B, TLR4 was highly expressed in the peripheral
blood of patients with spinal cord injury. C, Hydrogen peroxide treatment significantly decreased the expression of miR-27a-3p
in rat glial cells. D, and E, TLR4 protein was highly expressed in the peripheral blood of patients with spinal cord injury. F, After
treatment with hydrogen peroxide, TLR4 expression was significantly up-regulated in rat glial cells. G, and H, The expression
of TLR4 protein was significantly up-regulated in rat glial cells after treated with hydrogen peroxide. I, The corresponding cell

changes after overexpression or knockout of miR-27a-3p.

the number of newly-increased cases in China
is also more than 60,000 each year, which plac-
es a heavy burden on the society'>'®. The pri-
mary injury of spinal cord injury is determined
by the torsional forces, compression forces,
and the degree of nerve transection that were
sustained at the time of the injury. In the later
stages, secondary injury will further aggravate
the condition, including associated blood-spi-
nal spinal cord barrier disorders, ischemic ede-
ma, inflammatory reactions, lipid peroxidation,
free radical production, impaired ion pathways,
axonal demyelination, neuronal apoptosis, and

cicatrix, etc.'”®. The inflammatory cytokines
can be expressed early after SCI, and induce
the corresponding inflammatory cells to invade
the damaged spinal cord to generate secondary
inflammatory reactions and aggravate the dam-
age of damaged spinal cord"”?°. TNF-a and IL6
are the two inflammatory cytokines that act as a
crucial role in this progress.

MicroRNAs are a class of 20 to 25 nucleotide
non-coding single-stranded RNAs that regulate
the expression of specific genes at the post-tran-
scriptional level. MicroRNAs were first discov-
ered in the nematode (Cenorhadbitis elegans),
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Figure 2. MicroRNA-27a can reduce the expression of inflammatory factors. A, After overexpression of miR-27a-3p in C8-D1A
cells, the expression of inflammatory cytokines TNF-a and IL6 mRNA were significantly down-regulated. B, and C, After C8-
DIA cells overexpressed miR-27a-3p, the expression of inflammatory cytokines TNF-a and IL6 were significantly down-regulat-
ed. D, After overexpression of miR-27a-3p in C8-B4 cells, the mRNA expression of TNF-o and IL6 were significantly down-reg-
ulated. E, and F, After overexpression of miR-27a-3p in C8-B4 cells, the protein expression of TNF-a and IL6 were significantly
down-regulated.
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Figure 3. miR-27a-3p can reduce TLR4 expression. A, After overexpression of miR-27a-3p, TLR4 mRNA expression were
significantly down-regulated. Interfering with miR-27a-3p, TLR4 mRNA expression were significantly up-regulated. B, and C,
After overexpression of miR-27a-3p, TLR4 protein expression were significantly down-regulated, and TLR4 protein expression
were significantly up-regulated after miR-27a-3p interference. D, miR-27a-3p can bind to TLR4 3’-UTR region. E, and F, The
luciferase activity of miR-27a-3p-mimes+TLR4 WT groups was significantly reduced.
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Figure 4. TLR4 can reverse the effects of miR-27a-3p in mitigating the inflammatory response. A, and B, After overexpression
of miR-27a-3p, the expression of inflammatory cytokines was significantly down-regulated. Overexpression of TLR4 significant-

ly increased the expression of inflammatory factors.

an endogenous small RNA that regulates the
translation of specific proteins through RNA-
RNA interactions?. Pathophysiological changes
caused by spinal cord injury, such as apoptosis,
inflammation, astrogliosis, etc., are also closely
regulated by the expression of specific genes.
MicroRNA is one of the important regulatory
molecules and also a new target for therapeutic
interventions that promote repair and regenera-
tion. The changes in microRNA expression after
SCI and the role of specific microRNA mole-
cules are not yet reported. Abnormal expression
of microRNAs may play a role in spinal cord
injury and may be a potential target for thera-
peutic intervention after spinal cord injury?®’.
Bioinformatics analysis revealed that these al-
tered microRNAs influence key processes in the
pathophysiology of spinal cord injury, including
inflammation and apoptosis®. Up to now, stud-
ies have demonstrated that microRNAs up-reg-
ulated after spinal cord injury, including mi-
croRNA-124, microRNA-129, and microRNA-1,
etc.?*. In hepatoma, miR-27a-3p can down-regu-
late the expression of VE-cadherin, inhibit the
occurrence of EMT, and thus inhibit the migra-
tion and invasion of hepatoma cells®>. miR-27a-
3p can also inhibit the metastasis of tumor cells
by targeting the YAPI in oral squamous cell car-
cinoma and inhibiting the occurrence of EMT?S.
In the valvular disease, miR-27a-3p can relieve
mitral valve inflammation’.

Toll-like receptor 4 (TLR4) is the earliest
found member of the Toll-like receptors (TLRs)
family, and is closely related to the inflamma-
tory response. Toll-like receptors are a type of
pattern recognition receptors that regulate im-
mune responses and inflammatory responses
in vivo. They can recognize multiple pathogen-
ic molecules and influence the differentiation,
maturation of immune cells and the activa-

tion of inflammatory cells through regulating
downstream signal transduction. TLR4 is the
most closely related member of the TLRs fam-
ily with inflammatory responses. It can acti-
vate the transcription factor NF-xB through a
downstream MyD88-dependent pathway or a
non-MyD88-dependent pathway. Activated NF-
kB can translocate into the nucleus and then reg-
ulate the expression of a variety of inflammatory
mediators?’. Recent studies have demonstrated
that in addition to the classical pathway, TLR4
can also form intracellular signal transduction
with microRNA that form the TLR4/microR-
NA signaling axis. The axis is widely involved
in various pathophysiological processes?*-°. The
inflammatory reaction that occurs after spinal
cord injury is a pathological link that causes sec-
ondary damage. TLR4 is an significant recog-
nition receptor that regulates the inflammatory
response in vivo’l,

In this study, we found that compared with
normal people, the expression of miR-27a-3p in
peripheral blood of SCI patients was decreased,
and the expression of TLR4 was up-regulated.
The same results were obtained in cells treated
with hydrogen peroxide. After overexpression of
miR-27a-3p, we observed that TLR4 expression
was remarkedly down-regulated, and the expres-
sion of TNF-a and IL6 were also reduced. Com-
paring to the group that overexpressed miR-27a-
3p only, over-expression of miR-27a-3p and TLR4
in cells increased the expression of inflammatory
factors, indicating that overexpression of TLR4
can reverse the inhibitory effect of miR-27a-3p
on inflammatory responses. By dual luciferase
report assay, we found that miR-27a-3p can bind
to TLR4. In conclusion, we found that overex-
pression of miR-27a-3p inhibited inflammatory
responses after spinal cord injury by reducing
TLR4 expression
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Conclusions

The expression of miR-27a-3p decreased after
spinal cord injury. Overexpression of miR-27a-3p
can reduce the expression of TLR4, thus inhibiting
the inflammatory response after spinal cord injury.
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