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Highlights

>miR-124 was significantly increased in M2-polarized
microglia. >Transfection of miR-124 mimics decreased proinflammatory
cytokine secretion. >miR-124 decreased brain levels of C/EBP-a and
significantly reduced brain injury in ICH mice.



Abstract

Microglia mediated inflammation contributes to intracerebral hemorrhage
(ICH) induced secondary injury. Activated microglia has dual functions as
pro-inflammatory (M1) and anti-inflammatory (M2) factors in brain injury
and repair. MiR-124 is a potent anti-inflammatory agent which affects
microglia after brain injury. However, the potential of modulating the
M1/M2 polarization of microglia after ICH has not been reported. In this
experiment, we detected the effect of miR-124 on the M1/M2 polarization
state. In addition, the ability miR-124 to subsequently impacted neurological
deficit and cerebral water content of ICH mice were studied. Furthermore,
the relationship between miR-124 and C/EBP-a target was detected. We
found that miR-124 significantly increased in Mz2-polarized microglia.
Transduction of miR-124 mimics decreased proinflammatory cytokine levels.
A coculture model of microglia and neuron indicated that M2-polarized
microglia protected neuron damage. Furthermore, miR-124 banded to the
3-untranslated region of C/EBP-a and downregulated its protein levels. In
vivo, infusion of miR-124 decreased brain levels of C/EBP-a and
significantly reduced brain injury in ICH mice. Thus, miR-124 ameliorated
ICH-induced inflammatory injury by modulating microglia polarization
toward the M2 phenotype via C/EBP-a. MiR-124 regulatory mechanisms

also might represent new therapeutic strategy in ICH.
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Introduction

Intracerebral hemorrhage (ICH) is a serious problem to people's health
and quality of life, and accounts for 10%-15% of strokes[1-3]. Although
people took the treatment such as hemostatic, dehydration, and surgery, the
neurofunction after ICH is still difficult to recover[4-6]. Numerous studies
demonstrate that inflammation mediated secondary injury contributes to
neuro-defect after intracerebral hemorrhage. Inflammation associated signals
cause microglia activation, permeability of the endothelial cells, and release
of inflammatory mediators, leading to neuron death and brain damage[7-9].

Microglia is one of the inflammatory cells in the central nervous system
(CNS). Microglia in the central nervous system plays a diverse role through
different polarization. Related evidence suggest that microglia polarizes into
two main states, namely classically activated M1 and alternatively activated
M2[10-12]. Classical M1 activation is related with proinflammatory
molecule induction, while alternative M2 activation is associated with
neuroprotective roles[13-15].

MiRNAs are important non-coding small RNAs, modulate gene
expression through the transcription regulation function, involving the life
stages of growth, development and death[16-18]. It has been found that
miRNAs could regulate the gene transcription and their associated signaling
pathway expression level, which involved in polarization of
microglia[19-21]. Related evidence showed that miR-124, the most abundant
microRNA in the brain, could not only regulate neuron differentiation and
microglia development, but also polarize macrophages and microglia
towards the M2 phenotype in ischemic stroke and experimental autoimmune
encephalomyelitis (EAE) models[21-23].

However, the exact mechanism of miR-124 to regulate M1/M2



polarization in ICH has not been identified. In the current study, we detect
the miR-124 levels, and further explore the potential role in ICH. We
expect miR-124 may provide new insights into the understanding of cerebral

protection and act as a neuroprotective agent for ICH therapeutics.

Materials and Methods

Primary Cell Cultures

Cortical neuronal were prepared from embryonic day 16-18 C57BL/6 mice.
Briefly, the cerebral cortices and hippocampus of fetus mice were dissected
out and the meninges were carefully removed. Cells (1x10° cells/mL) were
maintained in poly-D-lysine (Sigma, St. Louis, MO) coated plates in
Dulbecco’s modified eagle medium (DMEM) medium (Life Technologies)
with 10% fetal bovine serum (FBS) (Life Technologies). After 4-6 h of
culture, the cultures were replenished with Neurobasal medium (Life
Technologies) containing 100 U/mL penicillin, 100 pg/mL streptomycin, 2%
B27, and 0.5 mM glutamine (Life Technologies) at 37°C with 5% CO,. The
medium was changed every three days. For primary microglia cells, glial
cells were isolated from the brains of rat pups and were placed in a
75 cm2 flask at a density of 1 x 10° cells/ml of DMEM (Sigma-Aldrich)
supplemented with 20% fetal bovine serum (FBS) and 1% antibiotic
antimycotic solution (Sigma-Aldrich). The flasks were then placed in a
humidified atmosphere containing 5% CO, and 95% air at 37°C. The culture
medium was changed every 48 to 72 hours. Microglia was isolated from the
mixed glial population when mixed glial cells were confluent (12 to 14 days).
The purity of microglia was assessed by immunofluorescence. Microglial

cultures with more than 98% purity were used for the study.



Animals

Male C57BL/6 mice (8-10 weeks) were purchased from the Animal institute
of Chongging Medical University and bred under specific pathogen-free
conditions. Experiments were finished according to animal care guidelines
approved by the Animal Ethics Committee of Chongqging Medical University.
All experiments were performed and reported according to the Guide for the
Care and Use of Laboratory Animals, 8th edition (2011) and the ARRIVE

guidelines (http://www.nc3rs.org.uk /arriveguidelines).

Preparation of erythrocyte lysates

Blood were removed from C57BL/6 mice. Single-cell suspensions of
erythrocytes were prepared. And then, 1x10° erythrocytes were incubated
with 1 ml red blood cell lysing solution for 20 min, and centrifuged at 2000

rpm for 10 min. The supernatants were utilized as erythrocyte lysates.

Cell treatment

Microglia collected from culture flasks were seeded at a density of
3x10°cells/well onto 24-well tissue culture plates. Microglia was stimulated
with 10 pl erythrocyte lysates or PBS. After 3 days, culture supernatants
were removed and further assessed for cytokine levels with gRT-PCR and
ELISA assays. Cortical neurons were cultured in a 96-well plate with 1x10*
cells per well. For the toxicity experiments, neuron was cultured for 4 h and
then treated with microglia-conditioned medium. In addition, neurons were

treated for 48 h for MTT and apoptosis assays.

Real-time PCR

Frozen mice brains were homogenized, and total RNA was obtained from



about 4x4x4 mm?® volume of perihematomal tissues at 3 days post-ICH
using Trizol reagent (Invitrogen, Carlsbad, CA, USA) in compliance with
the manufacture’s instruction. The concentration of RNA was tested by a
spectrophotometer. The M-MLV Reverse Transcriptase System (Promega,
Madison, WI, USA) was performed for reverse transcription. The cDNA was
stored at -20°C. Quantitative real-time PCR was fulfilled with a Light Cycler
(Roche Diagnostics, Mannheim, GM) and with SYBR Green | in SYBR
RT-PCR Kit (TaKaRa Biotechnology, Dalian, China) so as to enlarge and
detect the mRNA expression. The transcript amount of the 3-actin house
keeping gene was quantified as an internal RNA control. Primers were
purchased from BioAsia Corp. (Shanghai, China). The iNOS forward: 5°-
GCCACCAACAATGGCAACA-3’ and reverse: 5°-
CGTACCGGATGAGCTGTGAATT-3’; The TNF-a forward: 5°-CA CGC
TCTTCTG TCT ACTGAA C-3’and reverse: 5’- AT CT GAG TG TGA GG
G TCTGG-3. The IL-1p forward: 5’-CAG GCAACCACTTACC
TATTTA-3’ and reverse: 5’-CCATA CAC ACGGACAACAACTAGAT -3’;
The IL-10 forward: 5°-CGAC TGT TG CCT CT CG TACA-3’ and reverse:
5’-AGGAGGTTCACAGCCCTTTT-3"; The Arg-1 forward: 5’-
CGCCTTTCTCAAAAGGACAG-3’ and reverse: 5’- CCAGCTCTT
CATTGGCTTTC-3’; B-actin forward: 5°-GG CATCGTGATGGACTC
CG-3’ and reverse: 5’-GCTGGAAGGTGGACAGCGA -3’; miR-124 was
detected using the miRNA RT kit (ABI) and TagMan Universal PCR Master
Mix (ABI) according to the manufacturer’s instructions. U6 was used as an
internal control. The relative quantification value for each target gene was
performed using the comparative cycle threshold method. Experiments were
carried out in triplicate for each data point. A threshold cycle value (CT) was
calculated by the “*CT method. The data were analyzed by using Light



Cycler Software 4.0 (Roche Diagnostics).

Western blot analysis

Briefly, proteins were separated from perihematoma tissues (80 mg) by SDS
polyacrylamide gel electrophoresis and transferred onto polyvinylidene
fluoride (PVDF) membranes (Amersham Pharmacia). The PVDF
membranes were incubated with the primary antibodies, including: rabbit
anti-mouse INOS, TNF-a, IL-1p, IL-10 and Arg-1, followed by incubation
with peroxidase-conjugated secondary antibodies (1:2000, Jingmeli, China).
The signals were detected with an ECL system (Amersham Pharmacia). The
same membranes were probed with antibody for glyceradehyde-3-phosphate
dehydrogenase (GAPDH) after being washed with stripping buffer. The
signals were quantified by scanning densitometry and computer-assisted

Image analysates.

Cytotoxicity assay

The cytotoxic activity of microglia was measured by a 6 h lactate
dehydrogenase release assay using CytoTox96 Non-radioactive Cytotoxicity
Assay kit (Promega, Charbonnie'res-les-Bains, France) on 5x10°
neuron/well. Neuron was then added to the wells with 2x10° microglia.
Experiments were performed in quadruplet and the percentage of lysis was
determined by OD490 measurement as described in the manufacturer's
instructions. The percentage of cell mediated cytotoxicity was calculated
according to the equation: % Specific Lysis = (effector /target cell mix LDH
release-spontaneous effector LDH release)/ (maximum target LDH release -

spontaneous target LDH release) x100%:



MTT assay

Cell viability of neurone was assessed using 3-(4,5-dimethyl-
2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT, Sigma-Aldrich)
assay. After 48 h, MTT (20 pL, 5 mg/ml) was added to the cells and
incubated at 37°C for 4 h. A 150 uL aliquot of dimethyl sulfoxide was added
and incubated for 10 min to dissolve the dark blue crystals. The absorbance
was subsequently measured at 490 nm on a microplate reader (Multiskan
MK3, Thermo Scientific, USA). The mean of readings of triplicate wells
was taken as one value. The OD value for the control cultures was
considered as 100% viability and viability in other samples is expressed as a

percentage of viability in the control cultures.

Annexin-V-FLUOS apoptosis assay

Cells were collected and detected using the Annexin-V-FLUOQOS staining kit
(Roche Applied Science). Briefly, cells were suspended in 500 pL of binding
buffer and incubated at room temperature in the dark for 15 min after labeled
with 5 ulL of Annexin-V-fluorescein isothiocyanate (FITC) and 5 uL of
propidium iodide. The stained cells were then visualized under a
fluorescence microscope (Nikon, Eclipse E600). The cell apoptosis rate was
calculated as the following formula: apoptosis rate = (apoptotic cell

number/total cell number) x 100%.

TUNEL staining
The animals were deeply anesthetized and perfused through the ascending

aorta with cold PBS followed by 4% paraformaldehyde, and the brains were



sectioned coronally into 20-mm-thick frozen slices. TUNEL staining was
performed using an in situ cell death detection kit (Roche, Indianapolis, IN).
The stained sections were photographed with a confocal fluorescence
microscope (Leica, Wetzlar, Germany). The nuclei were stained with DAPI
(blue), and the apoptotic cells were TUNEL positive (red). We calculated the
number of DAPI positive cells (blue) and TUNEL positive cells (red). The
percentage of TUNEL positive cells was calculated using the formula
green/blue x 100%. Four quadrants were selected from each section, and the
number of positive cells in each quadrant was counted. The average value

was then calculated.

Oligonucleotide transfection

The miRNA mimics and the small interfering RNAs (siRNAs) were
designed for not homologous to any mouse gene sequences. The siRNAs
were designed by targeting mouse C/EBP-a transcripts. Oligonucleotide
transduction was utilized with commercial reagents (Lipofectamine 2000.).

Each transduction used 50 nmol/l of RNA duplexes.

\ector construction and luciferase reporter assays

To construct the miR-124 expression vector, the miR-124 gene was
amplified from mouse genomic DNA and cloned into the pcDNA3.0 vector
(Invitrogen Corp.). The luciferase complexes were designed by ligating
oligonucleotides including the wild-type or mutated putative target site of
the mouse C/EBP-a 3’-untranslated region (UTR) into the multi-cloning site
of the p-MIR luciferase reporter vector (Ambion Inc., Austin, TX, USA).
Microglia were cotransfected with 80 ng of the luciferase reporter plasmid,
40 ng of the pRL-TKRenilla-luciferase plasmid (Promega Corp., Madison,



WI, USA), and the indicated RNAs (final concentration 20 nmol/l). At 24 h,
after the transduction, the firefly and Renilla luciferase activities were
detected (Dual-Luciferase Reporter Assay; Promega Corp.). Each

transduction was repeated twice.

ICH model

The ICH mice model was constructed according to previous report[24].
Mice (n=10 per group) were anesthetized with 10% chloralhydrate (350
mg/kg) and were placed in a stereotaxic frame (Alcott Biotech, Shanghai,
China). Through a hole drilled in the skull, a 32-gauge needle was implanted
into the caudate nucleus, 2.0 mm lateral to the midline, 1.0 mm anterior to
the coronal suture and at a depth of 4.0 mm from the surface of the brain.
Each mouse was microinjected with 20 pl of autologous whole blood (right
striatum) taken from the tail vein over 10 min using a microinfusion pump
(ALC-IP600, Alcott Biotech). Then the needle was pulled out without blood
reflux after 5 min dwelling and the wound was sutured. Only the mouse
observed neurological deficit was regarded as a successful model. The mice

in sham operation group had the same operation but no blood was injected.

Intracerebroventricular injection

The in vivo transfection was performed according to the method described
as follows: the stereotaxic coordinates were 0.5 mm posterior and 1.0 mm
lateral to bregma and 2.5-3.0 mm ventral to the surface of the skull. The
miR-124 mimics or miR-124 inhibitor (2 pg/2 ul) were added to 1.25 pl of
Entranster™ in vivo transfection reagent. The solution was mixed gently,
left for 15 min and then injected intracerebroventricularly (i.c.v.) using a

micro syringe (Hamilton, NV, USA) under the guidance of the stereotaxic



instrument (RWD Life Science).

Neurological deficit scores

The neurological deficit were determined by neurological severity scores, a
composite of motor, sensory, reflex, and balance tests according to previous
report[25]. Neurological deficits were assessed 3 days after ICH using a
18-point neurological deficit scale, including neurological severity scores, a
composite of motor, sensory, reflex, and balance tests. Scoring was
performed by 2 trained investigators who were blind to animal grouping, and

the mean score of the subscales was the final score of each mouse.

Brain water content

The extent of brain edema after ICH was determined by brain water content
measurement on day 3 after ICH. The brains were removed and dissected
into ipsilateral and contralateral striatum and cerebellum (which served as an
internal control). The percentage of brain water content was calculated as

(wet weight — dry weight)/wet weight x 100%

Statistical analysis

Data are represented as means + standard errors of the means. Statistical
analysis were performed using one-way analysis of variance (ANOVA)
followed by Bonferroni’s multiple comparison test. Differences were
determined by using the Student two-tailed t test when two groups were

compared.

Results


http://topics.sciencedirect.com/topics/page/Cerebral_edema
http://topics.sciencedirect.com/topics/page/Cerebellum

MiR-124 expression was downregulated in perihematoma tissue of ICH
mice and erythrocyte lysates-treated microglia

To detect miR-124 expression, we utilized experimental ICH model and
erythrocyte lysates-treated microglia model to measure miR-124 levels in
vivo and in vitro. MiR-124 levels of perihematoma tissue or microglia were
measured by real-time PCR at different time point after ICH or erythrocyte
lysates treatment. We fount that the levels of miR-124 in perihematoma
tissue of ICH were much lower than that in sham group (Fig.1A). We also
used a cell culture model of ICH, erythrocyte lysates treatment to validate
the specific change of miR-124 level. We found that the level of miR-124 in
erythrocyte lysates treated microglia was much lower than that in PBS

treated group at different time point in observation (Fig.1B) .

MiR-124 enhanced microglia M2 polarization in vivo and in vitro

To further investigate the role of miR-124 on microglia M1/M2 polarization
in vivo, we analyzed M1/M2 markers in the perihaematomal region of
cerebral  tissues with gRT-PCR and western blot assays.
Intracerebroventricular injection of miR-124 mimics or inhibitors was
performed to upregulate or knockdown miR-124 in brain. We found that
miR-124 mimics significantly decreased of M1 marker IL-1f3, and TNF-a
levels compared with those of miR-124 inhibitors group. In addition,
miR-124 mimics significantly increased M2 marker IL-10 and Arg-1 levels
compared with those of miR-124 inhibitors group (Fig.2). To detect the role
of miR-124 on microglia M1/M2 polarization in vitro, we analyzed M1/M2
markers in erythrocyte lysates treated microglia with gRT-PCR and western
blot assays. We also found that miR-124 attenuated M1 marker expressions

and promoted M2 marker expressions in vitro (data not shown).



MiR-124 attenuated inflammatory damage in vivo and in vitro

To determine the contribution of miR-124 to neurological function, i.c.v.
injection of miR-124 mimics or inhibitors were administered 10 min after
ICH. Water content in mice brains and neurological injury were observed 3
days after ICH. We found that miR-124 mimics significantly reduced water
content and neurological injury. On the contrary, miR-124 inhibitors
significantly promoted water content and neurological injury (Fig. 3A and B).
In addition, to explore whether miR-124 could inhibit toxicity of activated
microglia to neuron in vitro, we also used an MTT assay to examine the
effect of miR-124 on microglial toxicity to neuron. We found that miR-124
mimics significantly reduced microglial toxicity to neuron. On the contrary,
miR-124 inhibitors significantly promoted microglial toxicity to neuron (Fig.
3C).

MiR-124 attenuated neuron apoptosis via Bcl-2/Bcl-xI pathway

ICH induced neuron apoptosis plays a vital role in inflammatory injury. We
utilized TUNEL staining to analyze neuron apoptosis in the perihaematomal
region of cerebral tissues 3 days after ICH. The results demonstrated that
miR-124 mimics significantly reduced the numbers of TUNEL positive cells
in the perihaematomal region. On the contrary, miR-124 inhibitors
significantly promoted the numbers of TUNEL positive cells in the
perihaematomal region (Fig. 4A). In addition, Bcl-2 and Bcl-xI are important
factors for cell survival owing to antiapoptotic effects. We also examined the
effect of miR-124 treatment on the Bcl-2 and Bcl-xl levels in the
perihaematomal region. The results demonstrated that miR-124 mimics

significantly increased Bcl-2/Bcl-xI expression in the perihaematomal region.



On the contrary, miR-124 inhibitors had the opposite results (Fig. 4B-C).
Furthermore, we used flow cytometry assay to examine whether miR-124
could inhibit neuron apoptosis via Bcl-2/Bcl-x| pathway in vitro. The results
demonstrated that miR-124 mimics significantly decreased neuron apoptosis
ratio. On the contrary, miR-124 inhibitors significantly increased neuron

apoptosis ratio via Bcl-2/Bcl-xI pathway in vitro (Fig. 4D-F).

C/EBP-a was a direct target of miR-124 in microglia

The 3-UTR of C/EBP-a mRNA contains a putative miR-124 target
sequence according to the target prediction program TargetScan
(www.targetscan.org) (Fig.5A). To prove C/EBP-a was a direct target of
miR-124 in microglia, we detected this relationship by a Dual-Luciferase
reporter system. We found that co-expression with miR-124 mimics
significantly suppressed the activity of a firefly luciferase reporter
containing wild-type C/EBP-a 3'-UTR, while the phenomenon did not been
detected on a reporter with a mutated C/EBP-o 3’ -UTR (Fig.5B). These

results indicated that miR-124 likely attenuated C/EBP-a expression by
directly binding target sites in the C/EBP-a 3"-UTR.

MiR-124 regulated C/EBP-a expression in vivo and in vitro

To analyze the role of miR-124 mimics or miR-124 inhibitors on the
expression of miR-124, we found that transduction of miR-124 mimics
improved miR-124 mRNA expression, while transduction of miR-124
inhibitors attenuated miR-124 mRNA expression (Fig. 5C). In addition, to
identify whether miR-124 could inhibit C/EBP-o expression in vivo, we
analyzed C/EBP-a expression in the perihaematomal region of cerebral

tissues with qRT-PCR and western blot assays. We found that miR-124



mimics significantly decreased C/EBP-a levels compared with those of
miR-124 inhibitors group (Fig.5D). Furthermore, microglia was transduced
with miR-124 mimics or miR-124 control, and then treated with erythrocyte
lysates. The similar negative regulation of miR-124 was also observed in
vitro (Fig.5E).

MiR-124 enhanced microglia M2 polarization and attenuated
inflammatory response via C/EBP-a

To identify the role of C/EBP-a in the miR-124 mediated inflammatory
response inhibition, we attenuated C/EBP-a expression and detected the
inflammation of microglia by siRNA assay. We found that C/EBP-a siRNA
significantly decreased C/EBP-a. mRNA and protein expression. However,
scramble siRNA did not decrease C/EBP-a expression (Fig.6.A). In addition,
inhibition of C/EBP-a significantly enhanced microglia M2 polarization.
However, scramble siRNA had no similar effect (Fig.6.B). Inhibition of
C/EBP-a significantly decreased the cerebral water content and improved
neurological deficit (Fig.6.C). Additionally, inhibition of C/EBP-a
significantly improved neuron viability in vitro (Fig.6.D). These data
demonstrated that C/EBP-a contributed to miR-124 mediated inflammatory

response inhibition.

Discussion

In the present study, we proved the effect of miR-124 on microglia
M1/M2 polarization and brain inflammation after ICH. We addressed
following issues: (1) MiR-124 expression level in vivo and in vitro after ICH;
(2) The relationship between miR-124 and M1/M2 polarization in vivo and
in vitro after ICH; (3) The regulation of miR-124 on inflammatory damage



in vivo and in vitro after ICH; (4) The regulation of miR-124 on the target
C/EBP-a expression and the specific mechanism in vivo and in vitro after
ICH.

The ICH hematoma surrounding tissue edema and secondary neural cell
damage are the most important factors to influence the prognosis of patients.
So exploring the pathophysiology of ICH surrounding tissue is becoming a
hot spot of current research[26-28]. Accumulating evidence has shown that
microglia plays an important role in the central nervous system[29-31]. In
brain injury, cerebral ischemia, cerebral hemorrhage, and pathological
conditions, such as the central nervous system infection, microglia can
activate, proliferate, and express signaling molecules and cytokines to
induce secondary brain damages[8,32,33]. Therefore, restrain the excessive
activation of microglia and reducing the cytokine secretion of neurotoxicity

will become new ways of ICH treatment.

Microglia secretes nerve toxicity factors and nutrition factors, and shows
the dual role of proinflammatory and anti-inflammatory, characterized by
M1 and M2 polarization state[34-36]. M1 microglia produces high levels of
oxide metabolites and proinflammatory factor, such as IL-6, TNF-a, etc. Its
effect is to eliminate the invasion of pathogenic microorganisms and cancer
cell, but also lead to the normal cell and tissue damage. M2 microglia
secretes high level of IL-10 and TGF-B. Its role is immune suppression, such
as inhibition of M1 reaction, immune regulation, tissue repair and functional
remodeling[37-39].

Numerous studies found that miRNA expression level altered in different
microglia polarization. It was also reported that miRNAs regulated microglia

polarization. For example, miR-155 and miR-146a are involved in M1



polarization and their expressions are promoted by IFN-y or LPS
stimulation[40]. Recent research demonstrated that miR-223 regulated the
development of the M2 polarization in the adipose tissue[41]. In addition,
miR-124 was regarded as the most abundant miRNAs in the cerebral and
decreased in ischemic stroke[42]. However, the expression and the role of
miR-124 on microglia polarization after ICH were less studied. In the
previous study, we utilized a miRNA microarray to analyze miRNA
expression profiles of microglia, and the results demonstrated that miR-124
levels were much lower compared with other miRNAs in microglia treated
with erythrocyte lysates. Therefore, miR-124 was chosen to study in the
further experiment.

Firstly, we utilized experimental ICH model and erythrocyte
lysates-treated microglia model to measure miR-124 levels. We fount that
level of miR-124 in ICH group was much lower than that in control group.
Theses data demonstrated that ICH downregulated miR-124 expression in
vivo and in vitro. Secondly, to further investigate the role of miR-124 on
microglia M1/M2 polarization, we analyzed ICH induced M1/M2 markers in
vivo and in vitro. ICH was done in the caudate nucleus, then miR-124
mimics or inhibitors was injected into the ventricle. After 3 days, the tissue
of the perihematoma area was collected and investigated. We found that
miR-124 mimics significantly decreased of M1 marker levels, while
miR-124 inhibitors significantly increased M1 marker. Theses data
demonstrated that miR-124 attenuated M1 marker expressions and promoted
M2 marker expressions in vivo and in vitro. In addition, we detected the
contribution of miR-124 to inflammatory injury in ICH. We measured water
content and neurological injury in ICH mice and microglia toxicity to neuron.

We found that miR-124 attenuated inflammatory injury and microglia



toxicity to neuron in vivo and in vitro. Furthermore, we also found that
miR-124 significantly attenuated neuron apoptosis cells via Bcl-2/Bcl-xlI
pathway in vivo and in vitro.

C/EBP-a is one of the C/EBP transcription factor family members, which
comprises six members (a-)[23,43,44]. C/EBP proteins are widely
expressed and regulate enormous cellular and physiological processes,
including energy metabolism, immunity, inflammation, hematopoiesis, and
adipogenesis[45,46]. C/EBP-a is highly expressed in early myeloid
progenitors and may regulate monocyte and  macrophage
development[47]. Having found miR-124 attenuated microgila activation,
we further investigated the mechanism underlying this effect. Using the
TargetScan algorithm, we utilized in silico analysis of mRNA targets
predicted for miR-124. C/EBP-a, a master transcription factor involved in
differentiation of myeloid cells, was predicted as a putative target, with one
conserved miR-124 binding sites within its 3’ untranslated region. We
identified miR-124 reduced C/EBP-a expression in microglia. As C/EBP-a
iIs one of the M1 polarization transcription factors, we hypothesized that
miR-124 downregulated inflammation through inhibition of C/EBP-a. To
test this hypothesis, we used RNAI strategy to reduce levels of C/EBP-a
protein, which resulted in reduced expression of IL-6, IL-1B, and TNF-a
levels. These data suggested that miR-124 attenated microglia activation by
direct inhibition of C/EBP-a. However, miRNA can have hundreds of targets
and a miRNA exerts its regulatory capacity by targeting several transcripts in
a cell. C/EBP-o is one of many potential targets of miR-124 and
downregulation of C/EPB-a might not the specific mechanism.

Taken together, our findings demonstrate that miR-124 has a key role in

inhibiting microglia activation and promoting microglia M2 polarization in



ICH. In addition, in vivo administration of miR-124 attenuates inflammatory

injury provides promising therapeutical strategy in ICH.
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Fig.1l. MiR-124 expression was downregulated in perihematoma tissue of

ICH mice and erythrocyte lysates-treated microglia

(A) Mice were deeply anaesthetized and transcardially at 1, 3, or 5 days after
ICH. The brains were removed and post-fixed. The perihaematomal region
of cerebral tissue was collected, and the tissue lysates were further analyzed
for miR-124 mRNA expression by quantitative RT-PCR. (B) Microglia
(1x10°) was stimulated with 10 ul PBS or erythrocyte lysates for 1, 3, or 5
days. After then, the cell lysates were further analyzed for miR-124 mRNA

expression by quantitative RT-PCR. Experiments performed in triplicate
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showed consistent results. Data are presented as the mean+SD of three

independent experiments. *P < 0.05
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Fig.2. MiR-124 enhanced microglia M2 polarization in vivo



(A)lIntracerebroventricular injection of miR-124 mimics or inhibitors was
administered 10 min after ICH. Mice were deeply anaesthetized and
transcardially at 3 days after ICH. The brains were removed and post-fixed.
The perihaematomal region of cerebral tissue was collected, and the tissue
lysates were further analyzed for miR-124 mRNA expression by qRT-PCR.
(B) M1/M2 markers of the tissue lysates were further analyzed by gRT-PCR
and western blot assays. (C) M2 markers of the tissues were analyzed by
immunofluorescence. Experiments performed in triplicate showed consistent
results. Data are presented as the mean+SD of three independent

experiments. *P < 0.05



Fie 3 £33 PBS+ miR-124 mimics
S PBS+ miR-124 inhibitors
A £ ICH+ miR-124 mimics
0 ICH+ miR-124 inhibitors
84- =
82+
804
784 =
ke e

15+

10 *

neurological deficit scores cerebral water content (%)

PBS+ miR-124 mimics
PBS+ miR-124 inhibitors
B B3 lysates— miR-124 mimics
[ lysates—miR-124 inhibitors

z=" -
=

p—

. 301

w

= s
Y 204

o) T
(& ]

% s o

o e

o, =

2 o

Fig.3. MiR-124 attenuated inflammatory damage in vivo and in vitro

(A) Intracerebroventricular injection of miR-124 mimics or inhibitors was
administered 10 min after ICH. After 3 days of ICH, the cerebral water
content of mice (n = 5) was also analyzed. (B) In addition, the neurological
deficit tests were performed by behavioral measurement, including a
composite of motor, sensory, reflex, and balance tests. (C) Microglia was
transduced with miR-124 mimics or inhibitors, and then was treated with
PBS or erythrocyte lysates for 3 days. To detect the microglia cytotoxicity to

neuron, we cocultured the neuron with a mixture of microglia conditioned



medium, and the cytotoxic activity of microglia was analyzed by a 6 h
lactate dehydrogenase release assay. Experiments were performed in
qguadruplet and the percentage of lysis was determined by 0OD490
measurement as described in the manufacturer's instructions. Experiments
performed in triplicate showed consistent results. Data are presented as the

meanSD of three independent experiments. *P < 0.05
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Fig.4. MiR-124 attenuated neuron apoptosis via Bcl-2/Bcl-xI pathway

(A) Intracerebroventricular injection of miR-124 mimics or inhibitors was
administered 10 min after ICH. Mice were deeply anaesthetized and
transcardially at 3 days after ICH. The brains were removed and post-fixed.
The perihaematomal region of cerebral tissue was collected, TUNEL
staining was performed. The percentage of TUNEL positive cells were
calculated using the formula red/bluex100%. The number of positive cells in
each quadrant was counted. (B-C) The perihaematomal region of cerebral
tissue was collected, and Bcl-2 and Bcl-xI expression were examined by

western blot assays. (D) Microglia was transduced with miR-124 mimics or



inhibitors, and then was treated with PBS or erythrocyte lysates for 3 days.
After then, neuron was treated with conditioned medium from treated
microglia. After 48 h, neuron apoptosis ratio was detected by flow cytometry.
Apoptosis cells were determined by Annexin V positive and propidium
iodide (PI) negative cells. (E-F) The cell lysates were collected, Bcl-2 and
Bcl-xI expression were examined by western blot assays. Experiments
performed in triplicate showed consistent results. Data are presented as the

meanSD of three independent experiments. *P < 0.05
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Fig.5. MiR-124 regulated C/EBP-a expression in vivo and in vitro

(A) C/EBP-a is a direct target of miR-124 in microglia. C/EBP-a 3" UTR
fragment containing wild-type or mutant miR-124-binding sites was cloned
downstream of the luciferase reporter gene. The region of the C/EBP-a
mRNA 3’ UTR predicted to be targeted by miR-124 as indicated. (B)
Luciferase activity assays using reporters with wild-type or mutant C/EBP-a
3" UTRs were performed after cotransfection with miR-124 mimics or
control in microglia. The luciferase activity of the control transfection in

each experiment was used to normalize the data, and the luciferase activity



of the control transfection was set equal to 1. (C) Microglia was transfected
with miR-124 mimics or inhibitors. After 24 h, cells were harvested, and
miR-124 expression was evaluated by qRT-PCR. (D) Intracerebroventricular
injection of miR-124 mimics or inhibitors was administered 10 min after
ICH. Mice were deeply anaesthetized and transcardially at 3 days after ICH.
The brains were removed and post-fixed. The C/EBP-a expression in the
perihaematomal region of cerebral tissues was analyzed by qRT-PCR and
western blot assays. (E) Microglia was transfected with miR-124 mimics or
inhibitors, and then was treated with PBS or erythrocyte lysates for 3 days.
After then, neuron was treated with conditioned medium from treated
microglia. After 48 h, The C/EBP-a expression in the perihaematomal region
of cerebral tissues was analyzed by gRT-PCR and western blot assays.
Experiments performed in triplicate showed consistent results. Data are

presented as the mean£SD of three independent experiments. *P < 0.05
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Fig.6.MiR-124 enhanced microglia M2 polarization and attenuated

inflammatory response via C/EBP-a

(A) Detection of the inhibition efficiency of siRNAs against C/EBP-q.
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Microglia was transfected with scramble siRNA or C/EBP-a sSiRNA and then
exposed to erythrocyte lysates. After 48 h, C/EBP-a expression was
analyzed by qRT-PCR and western blot assays. (B) Intracerebroventricular
injection of scramble siRNA or C/EBP-a siRNA was administered 10 min
after ICH. Mice were deeply anaesthetized and transcardially at 3 days after
ICH. The perihaematomal region of cerebral tissue was collected, and
M1/M2 markers of the tissue lysates were further analyzed by western blot
assays. (C)After 3 days of ICH, the cerebral water content of mice (n=10)
was also analyzed. In addition, the neurological deficit tests were performed
by behavioral measurement. (D) Microglia was transfected with scramble
SiRNA or C/EBP-a siRNA, and then was treated with PBS or erythrocyte
lysates for 3 days. After then, neuron was treated with conditioned medium
from treated microglia. After 48 h, MTT reagent was added and the neuron
viability was assessed. Experiments performed in triplicate showed
consistent results. Data are presented as the mean+SD of three independent

experiments. *P < 0.05



