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Raf-kinase inhibitor protein attenuates microglia inflammation in an in vitro model of

intracerebral hemorrhage
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| Abstract: Microglia mediated neuroinflammation plays a crucial role in intracerebral hemorrhage (ICH). Raf kinase inhibitor protein (RKIP),

a member of the phosphatidylethanolamine-binding protein (PEBP) family, is a negative regulator of inflammatory responses. However, the
expression and anti-inflammatory effects of RKIP in microglia after ICH have not been reported. Therefore, in the current study, we investigated
the effects of RKIP on inflammatory responses in erythrocyte lysate-treated BV2 microglia. Furthermore, we analyzed the detailed molecular me-
chanisms underlying the anti-inflammatory effects of RKIP in microglia. Our results showed that the expression level of RKIP was significantly
decreased by erythrocyte lysate treatment in BV2 microglia. Overexpression of RKIP inhibited the production of pro-inflammatory molecules.
In addition, overexpression of RKIP attenuated neuronal cell death induced by activated microglia. Moreover, RKIP suppressed the activation of
NF-«B signaling pathway in erythrocyte lysis-treated BV2 cells. In conclusion, these data suggest that overexpression of RKIP attenuated micro-
glia inflammation through inhibiting the NF-kB signaling pathway in erythrocyte lysis-treated BV2 cells. The present study provides evidence

((ey words: Raf kinase inhibitor protein (RKIP), intracerebral hemorrhage (ICH), microglia, neuroinflammation.

that RKIP may be used as an effective molecular target for the treatment of ICH.
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Introduction

Intracerebral hemorrhage (ICH) is a subtype of
stroke with high rates of morbidity and mortality, ac-
counting for 15-20% of all stokes and affecting more
than 2 million people worldwide each year (1). Despite
its importance, effective treatment remains unsatisfacto-
ry, and the pathogenesis of ICH-induced brain damage
is not completely understood. Emerging data show
that inflammatory response plays an important role in
ICH-induced secondary brain damage (2, 3). Microglia
cells are involved in the inflammatory response after
ICH. ICH-induced neuronal death in the brain leads
to activation of microglia cells, which release various
pro-inflammatory/neurotoxic  molecules, including
nitric oxide (NO), reactive oxygen species (ROS) and
cytokines (4-6). Therefore, the identification of inflam-
matory mediators in the pathogenesis of ICH is a key
element in determining novel targets for therapeutic
intervention.

Raf kinase inhibitor protein (RKIP) belongs to the
phosphatidylethanolamine-binding protein (PEBP)
family (7). Studies have demonstrated that it plays im-
portant roles in the development of the nervous system,
spermatogenesis and tumorigenesis (8-11). Recent stu-
dies have also shown that RKIP interacts with multiple
signaling molecules that may potentiate multiple func-
tions during inflammatory processes. One study showed
that RKIP overexpression significantly decreased the
expression of interleukin (IL)-6, IL-8, matrix metal-
loproteinase (MMP)-1, and MMP-3 in tumor necrosis
factor (TNF)-a-stimulated rheumatoid fibroblast-like
synoviocytes (FLS) (12). Another study demonstrated
that RKIP may play a role in the production of inter-
feron (IFN)y during a systemic inflammatory response
syndrome (SIRS) response (13). However, the expres-
sion and anti-inflammatory effects of RKIP in micro-

glia after ICH have not been reported. Therefore, in the
current study, we investigated the effects of RKIP on
inflammatory responses in erythrocyte lysate-treated
BV2 microglia. Furthermore, we analyzed the detailed
molecular mechanisms underlying the anti-inflamma-
tory effects of RKIP in microglia.

Materials and Methods

Microglial and Neuronal Cell Cultures

The immortalized murine BV2 microglial cell line
and Neuro-2a mouse neuroblastoma cell line were pur-
chased from the American Type Culture Collection
(Manassas, VA, USA) and cultured in Dulbecco’s modi-
fied Eagle’s medium (DMEM) supplemented with 10%
heat-inactivated fetal bovine serum (FBS; Sigma, St.
Louis, MO, USA), streptomycin (10 pg/ml) and peni-
cillin (10 U/ml). 1x10° cells/well were seeded on sterile
poly-Llysine (Sigma-Aldrich) coated glass cover slips
in a 24-well plate and incubated at 37°C and 5% CO,,.
After 1 h, culture medium was changed completely.

Erythrocyte lysate preparations

Human blood from three healthy donors was drawn
into Na, EDTA-containing tubes. The mean corpuscular
hemoglobin concentration in red blood cells (RBCs)
from individual adult donors was within the range of
reference values (MCHC; 32-38 g/dl). RBCs were har-
vested by centrifugation at 1,000 rpm for 5 min. He-
matocrits (Ht) were measured after a 5-min spin in a

Received March 2, 2016; Accepted May 22, 2016; Published May 30, 2016

* Corresponding author: Jun Wang, Emergency Department, the First
Affiliated Hospital of Xi’an Jiaotong University, No. 277 West Yanta Road,
Xi’an 710061, Shaanxi Province, China. Email: wang_junxa@126.com

Copyright: © 2016 by the C.M.B. Association. All rights reserved.

86



J. Wang et al. 2016 | Volume 62 | Issue 6

RKIP attenuates microglia inflammation.

Janetzki TH12 centrifuge. Erythrocyte suspension (Ht:
35-50 %) 20 pl was lysed in 2 ml of water.

Cell Treatment

BV2 microglia collected from culture flasks were
seeded at a density of 1 x 10° cells/well onto 24-well
tissue culture plates. One day after seeding, each culture
well was stimulated with 10 pl erythrocyte lysate. After
72 h, the supernatants were removed and further ana-
lyzed for cytokine production with ELISA. Neuron was
cultured in a 96-well plate with 1x10* cells per well. For
the toxicity experiments, neuron was serum-starved for
4 h and then treated with a mixture of microglia-condi-
tioned medium. For MTT and apoptosis assays, cells
were treated for 24 h.

Real Time Quantitative PCR (RT-qPCR)

Total RNA from microglia was prepared with Trizol
(Invitrogen, Carlsbad, CA, USA) according to the ma-
nufacturer’s protocol. Total RNA (500 ng) was reverse
transcribed into cDNA using a PrimeScript™ 1st Strand
cDNA Synthesis kit (Takara, Dalian, China). The PCR
was performed using the Bio-Rad iQ5 Quantitative
PCR System (Takara, Dalian, China). The specific pri-
mers for RKIP were forward 5’-ACACCCTGGTCCT-
CACAGAC-3’, and reverse, 5-CTGCTCCTGCT-
CATACACCA-3’; B-actin, forward 5’-ATTGGCAA-
TGAGCGGTTC-3’ and reverse 5’-GGATGCCACAG-
GACTCCAT-3". Relative quantities of the candidate
genes were calculated with the previously described
comparative threshold cycle method (14).

Western Blot

Total protein was extracted from BV-2 cells using
RIPA lysis buffer (Beyotime, Nantong, China) accor-
ding to the manufacturer’s instructions. A total of 30
ug protein was separated by 12% SDS-PAGE electro-
phoresis followed by electro-blotting onto a nitrocellu-
lose membrane (Amersham, Little Chalfont, UK). The
membranes were blocked in 5% skimmed milk for 1 h
at room temperature. Immunodetection of target pro-
teins [RKIP, p-NF-«xB p65, NF-kB p65 and -actin] was
performed using rabbit monoclonal antibody (1:1,000;
Santa Cruz Biotechnology, Santa Cruz, CA, USA). Sub-
sequently, they were incubated with horseradish peroxi-
dase (HRP)-conjugated goat anti-rabbit IgG antibody
(1:1,500; Santa Cruz Biotechnology, Santa Cruz, CA,
USA) for 1 h at room temperature. ECL reagent was
used for detection. The fluorescence was scanned using
a Typhoon scanner (Amersham Biosciences, Piscata-
way, NJ, USA).

RKIP Expression Plasmid

RKIP recombinant adenovirus vector was construc-
ted as described previously (15). The cDNA encoding
RKIP was amplified and subcloned into the adenovi-
ral shuttle vector pAd-CMV; green fluorescent protein
(GFP) was used as a non-specific control. The adeno-
viral shuttle vector pAd-CMV and adenoviral gene ex-
pression vector pAdEasy-1 were homologously recom-
bined in Escherichia coli strain BJ5183. The recombi-
ned plasmid Ad-RKIP was then propagated in HEK293
cells. The recombinant adenoviruses were harvested
and the titers were detected using the p24 ELISA kit

(Cell Biolabs, USA) before use.

Phagocytosis assay

BV2 microglia were plated at a density of 1x10*
cells/well in a 96-well plate and switched to serum-free
media 24 h. Then, microglia were transduced with Ad-
RKIP or Ad-GFP for 24 h. Phagocytosis was measured
by exposing the cultures to fluorescently-labeled E. coli
particles (Invitrogen, Carlsbad, CA, USA) for 2 h. Cells
were incubated with trypan blue and rinsed with PBS
to remove non-internalized particles prior to measuring
fluorescence at 480 nm excitation and 520 nm emission
on a Fluoroskan multi-well plate reader.

ELISA

The production of TNF-o and IL-1p in the culture
supernatants was measured by ELISA according to the
manufacturer’s instructions (BD PharMingen, San Die-
go, CA, USA).

Intracellular Reactive Oxygen Species Measurement
Intracellular accumulation of ROS was detected
using dichlorodihydro-fluorescein diacetate (H,DCF-
DA; Sigma-Aldrich) as described previously with modi-
fications (16). In brief, microglial cells were stimulated
with erythrocyte lysis for 16 h and stained with 50 uM
H,DCF-DA in PBS buffer for 1 h at 37°C. DCF fluo-
rescence intensity was measured at a 485 nm excitation
and a 535 nm emission on a fluorescence plate reader
(Molecular Devices, Sunnyvale, CA, USA).

Cell Viability Assay

Cell viability was assessed by MTT (3-[4,5-di-
methylthiazol-2-yl]- 2,5-diphenyltetrazolium bromide)
assay. Neuro2a cells were incubated with conditioned
media from erythrocyte lysis-treated BV2 cells trans-
fected with Ad-RKIP or Ad-GFP. After 24 h of incuba-
tion, MTT was added to the cells at a final concentration
of 0.6 mg/ml and the plates were incubated for 4 h at
37°C. The reaction was terminated by adding 200 pl/
well dimethyl sulfoxide (DMSO) (Sigma, St. Louis,
MO, USA). Absorbance at 570 nm was measured using
a Bio—Rad microplate reader (Bio-Rad, Hercules, CA,
USA).

Cell Apoptosis Assay

The cell apoptosis was evaluated by using the An-
nexin V-Fluorescein Isothiocyanate (FITC) Apopto-
sis Detection Kit (Invitrogen, Carlsbad, CA, USA). In
brief, BV-2 cells were transduced with Ad-RKIP or Ad-
GFP for 24 h, cells were then treated with PBS or ery-
throcyte lysis for 48 h. Neuron was treated with medium
from above mentioned microglia. After 24 h of incuba-
tion, cells were harvested and washed with PBS. After
washing, the cells were resuspended in 500 pl Annexin
V binding buffer, followed by the addition of 5 pl An-
nexin V-FITC and 5 pl PI. The samples were incubated
for 15 min at 37°C in the dark. Then, 300 pl of binding
buffer was added to each tube. The percentage of cells
undergoing apoptosis and necrosis was quantified using
a FACSCalibur cytometer (BD Biosciences, Mountain
View, CA, USA).
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Statistical Analysis

Results are expressed as mean £ SD from at least
three independent experiments. Statistical analysis was
performed using Student’s t-tests and one-way analysis
of variance. A difference was considered statistically
significant at P<(.05.

Results

The Expression of RKIP in Microglia Induced by
Erythrocyte Lysis

First, we detected the expression of RKIP in ery-
throcytes lysate-treated BV2 cells at the indicated time
points. We observed that erythrocyte lysate treatment
significantly inhibited RKIP mRNA expression after 3
h (Figure 1A). To confirm the changes in RKIP expres-
sion at the protein level, we performed western blot
analysis in erythrocyte lysate-treated BV2 microglia.
Erythrocyte lysate treatment also dramatically inhibited
RKIP protein expression in a time-dependent manner
(Figure 1B).

Effect of RKIP on the Phagocytic Capacity of BV2
Microglia

To investigate the role of RKIP in activated micro-
glia, the RKIP expression vector was introduced into
BV2 cells by transient transfection. We found that the
expression of RKIP was upregulated in Ad-RKIP-trans-
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Figure 1. The expression of RKIP in microglia induced by erythro-
cyte lysis. Microglia were treated with PBS or erythrocyte lysis for
different times. (A) The mRNA levels of RKIP were evaluated by
qRT-PCR. (B) The protein levels of RKIP and western blot assays.
Data are presented as a mean of 3 separate experiments + SD, *P <
0.05 versus PBS group.

fected BV-2 cells, as compared with the Ad-GFP-trans-
fected cells (Figure 2), suggested that the transduction
was successful. Then, we investigated the effect of
RKIP on the phagocytic capacity of BV2 microglia. We
found that RKIP had no effect on the phagocytic activity
(Figure 3).

Overexpression of RKIP Inhibits the Production of

Pro-Inflammatory Cytokines and Reactive Oxygen

Species in Microglia Induced by Erythrocyte Lysis
Next, we evaluated the effect of RKIP on the pro-
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Figure 2. Increased expression of RKIP after transfection of Ad-
RKIP in BV-2 cells. Microglia were transduced with Ad-RKIP or
Ad-GFP for 24 h. (A, B) The mRNA and protein levels of RKIP
were evaluated by qRT-PCR and western blot assays. Data are pre-
sented as a mean of 3 separate experiments = SD, *P < 0.05 versus
Ad-GFP group.
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Figure 3. Effect of RKIP on the phagocytic capacity of BV2
microglia. Microglia were transduced with Ad-RKIP or Ad-GFP
for 24 h. Fluorescently-labeled E. coli particles were added to the
cultures for 2 h following stimulation and phagocytosis of particles
was measured by fluorescence emission at 520 nm. Data are pres-
ented as a mean of 3 separate experiments + SD, *P < 0.05 versus

control group.
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Figure 4. Overexpression of RKIP inhibits the production of pro-
inflammatory cytokines and reactive oxygen species in microglia
induced by erythrocyte lysis. Microglia were transduced with Ad-
RKIP or Ad-GFP for 24 h, cells were then treated with erythrocyte
lysis for 48 h. (A-C) The production of TNF-o, IL-1p, as well as
intracellular ROS was determined using ELISA kits. Data are pre-
sented as a mean of 3 separate experiments + SD, *P < 0.05 versus
PBS group, & P < 0.05 versus Ad-GFP group.

duction of pro-inflammatory cytokines and ROS in
erythrocytes lysate-treated BV2 microglia. The results
demonstrated that overexpression of RKIP suppressed
erythrocyte lysate-induced secretion of TNF-a, IL-1,
as well as intracellular ROS production in BV-2 cells
(Figure 4).

Overexpression of RKIP attenuates neuronal cell
death induced by activated microglia

We examined whether RKIP affects the viability of
neuronal cells by modulating microglial activation. As
shown in Figure 5A and 5B, when neurons were treated
with conditioned medium from erythrocyte lysis trea-
ted microglia, the cell viability decreased and apopto-
sis ratio increased. However, overexpression of RKIP
increased the cell viability and decreased the apoptosis
ratio in erythrocytes lysate-treated neurons.

Overexpression of RKIP Attenuates Microglia In-
flammation through Inhibiting the NF-kB Signaling
Pathway

The activation of the NF-«B is known to result in the
production of inflammatory cytokines, which is activa-
ted in ICH. In addition, RKIP could negatively regulate
NF-xB through binding of upstream activators of NF-
kB. So, we examined the effects of RKIP on NF-kB p65
phosphorylation by western blot analysis. The results
revealed that erythrocyte lysis significantly up-regu-

lated NF-xB p65 phosphorylation, however, Ad-RKIP
treatment attenuated NF-xB p65 phosphorylation com-
pared with the Ad-GFP group (Figure 6).
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Figure 5. Overexpression of RKIP attenuates neuronal cell death
induced by activated microglia. Microglia were transduced with
Ad-RKIP or Ad-GFP for 24 h, cells were then treated with erythro-
cyte lysis for 48 h. Neurons were treated with medium from above
mentioned microglia. (A) MTT reagent was added and the cell via-
bility was assessed. (B) Cell apoptosis ratio was detected by flow
cytometry. Apoptosis cells were determined by AnnexinV positive
and propidium iodide (PI) negative cells. (C) Columns, mean data
obtained from three independent experiments. Data are presented
as a mean of 3 separate experiments £ SD, *P < 0.05 versus PBS
group, & P < 0.05 versus Ad-GFP group.
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Figure 6. Overexpression of RKIP attenuates microglia inflamma-
tion through inhibiting the NF-«B signaling pathway. Microglia
were transduced with Ad-RKIP or Ad-GFP for 24 h, cells were
then treated with erythrocyte lysis for 30 min, and were subjected
to immunoblot analysis using antibodies against the p-NF-kB p65
and NF-kB p65. (B) Quantification of western blot data. A, The
expression of p-NF-«kB p65 and NF-«kB p65 was measured by Wes-
tern blot. Data are presented as a mean of 3 separate experiments +

SD, *P < 0.05 versus PBS group, &P < 0.05 versus Ad-GFP group.
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Discussion

In the present study, we found that the expression of
RKIP was significantly decreased by erythrocyte lysate
treatment in BV2 microglia. Overexpression of RKIP
inhibited the production of pro-inflammatory molecules.
In addition, overexpression of RKIP attenuated neuro-
nal cell death induced by activated microglia. Moreo-
ver, RKIP suppressed the activation of NF-kB signaling
pathway in erythrocytes lysate-treated BV2 cells.

Previous studies have reported the role of RKIP
in the central neuron system. Wen et al. reported that
cyclin-dependent kinase 5 (CDKS5)-mediated phospho-
rylation and autophagy of RKIP are involved in the
over-activation of the extracellular signal-related ki-
nase (ERK)/mitogen-activated protein kinase (MAPK)
pathway, leading to S-phase reentry and neuronal loss
in 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine hydro-
chloride-induced and transgenic Parkinson’s disease
(PD) models (17). Hellmann et al. reported that RKIP(+)
cells showed accelerated neurite outgrowth, formation
of elaborated neuronal networks and increased neuronal
marker expression in retinoic acid (RA)-induced neuro-
blastoma cells (8). In the present study, we found that
the expression of RKIP was significantly decreased by
erythrocyte lysate treatment in BV2 microglia. All these
data suggest that RKIP could produce protective effects
on ICH.

Inflammation is an important host defense response
to brain injury after ICH. The activation of microglia
following ICH releases inflammatory cytokines, as well
as amplify the inflammatory response in an autocrine
or paracrine manner (18, 19). Moreover, in response to
certain environmental toxins and endogenous proteins,
microglia can enter an over-activated state and release
reactive oxygen species (ROS) that cause neuronal death
(4). In the present study, we found that overexpression
of RKIP inhibited the production of pro-inflammatory
cytokines, the cell viability of Neuro2a was markedly
improved by Ad-RKIP compared with that in the Ad-
GFP group. These results suggest that the neuro-protec-
tive effects of RKIP were due to the reduced secretion
of pro-inflammatory/neurotoxic mediators from RKIP-
overexpressed microglia.

NF-«B is pivotal in the transactivation of promoters
for genes involved in inflammation, immune responses
(20, 21). NF-«B can be activated by a wide array of fac-
tors such as thrombin, TNF-a, IL-1, oxidative stress,
and growth factors (22). Mounting evidence indicates
that NF-xB was a critical regulator of cell fate and func-
tion in the nervous system (22-24). In the progression
of ICH, NF-kB activation promotes the release of series
of inflammatory substances, such as TNF-a, IL-1p, in-
duced nitric oxide synthase (iNOS), intercellular adhe-
sion molecule-1 (ICAM-1), and so on (25). In addition,
previous investigations have shown that NF-xB acti-
vation was closely related with cell death and had an
important function in secondary brain damage after I[CH
in patients (26, 27). So, understanding the signaling me-
chanisms underlying ICH-induced NF-kB activation
may facilitate identification of therapeutic targets. In the
present study, we found that erythrocyte lysis signifi-
cantly up-regulated p65 phosphorylation, however, Ad-
RKIP treatment attenuated p65 phosphorylation compa-

red with the Ad-GFP group. These results suggest that
overexpression of RKIP may suppress NF-kB signaling
pathway, reducing the production of NO, intracellular
ROS, TNF-a and IL-1f in erythrocytes lysate-treated
BV2 cells.

In conclusion, our results suggest that overexpres-
sion of RKIP attenuated microglia inflammation through
inhibiting the NF-kB signaling pathway in erythrocytes
lysate-treated BV2 cells. The present study provides
preliminary evidence that RKIP may be used as an ef-
fective molecular target for the treatment of ICH.
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