Research

Rosiglitazone Enhances the Phagocytic Ability of
Thrombin-Activated Microglia through P38mapk Signaling
Qiong Mu1, Likun Wang1, Siying Ren1, Hang Hang1, Guofeng Wu1,†,*, Jinbiao Luo2,*

Abstract
Objectives: Hematoma formed after intracerebral hemorrhage (ICH) could results in
secondary brain damage. In vitro thrombin treatment allows investigation of the pathology
and mechanisms behind brain injury, and provides extracellular environment that simulates
the conditions that result from ICH. Rosiglitazone treatment protects against brain damage
through promoting the phagocytosis of red blood cells by microglia. The present study aimed
to explore the underlying molecular mechanisms using the thrombin-induced model of ICH.
Methods: A total of 54 neonatal rats was used in the present study. Primary microglia
were obtained from the brain tissues of neonatal SD rats, and then divided into 4 groups:
normal control group (NC group), thrombin treatment group(TH group), RSG pretreatment
+ thrombin treatment group(RSG group), and RSG pretreatment + thrombin treatment
together with p38MAPK signaling inhibitor group (SB group). Then, laser scanning confocal
microscopywas used to evaluate microglial phagocytosis by observing phagocytizedred
fluorescent microspheres. The mRNA and protein expression levels of CD36 were measured
by RT-PCR and western blot.
Results: Microglial phagocytosis was increased in the RSG group compared with the other
groups, and phagocytosis in the SB group was decreased compared to the RSG group. The RSG
group displayed increased expression of CD36 compared to the other groups, both at protein
and mRNA levels (P<0.01). The SB group expressed decreased levels of CD36 compared to the
RSG group (P<0.01).
Conclusions: Rosiglitazone enhanced thrombin-induced phagocytosis in microglia;and the
mechanism might involve increased expression of CD36 on the microglial surface through
p38MAPK signaling.
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Introduction
Intracerebral hemorrhage（ICH） is estimated
at an overall global incidence of 24.6 per 100,000
person-years [1]. 1-year survival estimated at
46% and 5-year survival estimated at 29% [2].
Secondary injury after ICH is considered to
be the main reason for the high morbidity and

mortality. Although it has been widely studied
in the past few decades, the complexity and
variability of the mechanisms of injury after ICH
have made it difficult to find effective treatments
to improve the prognosis of patients [3,4].
One key process involved is the large amount
of thrombin, hemoglobin and ferrous ion cell
toxins that are released from lysed red blood cells
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(RBC) in the hematoma, which forms after ICH.
These substances could then lead to secondary
brain damage [5-9].
The role of thrombin in brain damage is complex:
lower levels may be cytoprotective [10], but high
levels cause hydrocephalus and white matter
damage after ICH [11,12]. Thrombin induced
brain injury has been used as a model in a wide
range of experimental studies to reveal much
about the pathology and mechanisms behind
brain injury after ICH [13, 14]. Thrombin has a
central role in the coagulation cascade, where it
mediates the conversion of fibrinogen to fibrin,
the main constituent of a blood clot and activates
the blood coagulation factors V, VIII, XI, XIII
and the anticoagulant protein C. Thrombin
generation results in receptor mediated
inflammatory responses, cell proliferation and
modulation, cell protection, and apoptosis [10].
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receptor domain-containing adapter inducing
interferon-β (TRIF), upstream of p38MAPK,
blocks induction of the interferon response and
inhibits microglial phagocytosis of axon debris
in vitro [26]. The survival and phagocytosis
of activated microglia in vitro was promoted
by MAPKs including p38 [27]. Adenosine
A1 receptors can also reduce secondary brain
damage after ICH via activating the p38MAPK
signaling pathway [28]. These data indicated that
p38MAPK plays an important role in microglial
phagocytosis during clearing hematoma after
ICH.
Rosiglitazone (RSG) is a thiazolidinedione drug,
which is a PPARγ agonist. This drug could
promote the expression of CD36 in microglia,
which in turn promotes hematoma absorption
and is likely to be protective against brain
damage [29,30]. However, the downstream
molecular mechanisms, through which does the
RSG-PPARγ signal promote the phagocytosis of
microglia, are still not well elucidated. It has also
been shown that p38MAPK activation plays a key
role downstream of the PPARγ signaling [31],
indicating that as a PPARγ agonist, RSG might
positively regulate the p38MAPK signaling.

Microglia are the immune effector cells of the
central nervous system that play important
roles in supporting nutrition, protection and
restoration [15]. After ICH, activated microglia
could recognize and phagocytize red blood cells
around the hematoma and toxins released by
RBClysis via the scavenger receptor CD36 that
expressed onits surface [16]. Study suggests
that CD36 only expressed in microglia around
hematomas after ICH [17]. This process is a
principal method of clearing the RBC around
the hematoma after removal of the intracranial
hematoma [16-18]. Thereby, microgliareduces
secondary brain damage after ICH [19]. The
phagocytosis or endocytosis through CD36 on
the glial cell surface is regulated by PPARγ to
complete removal of necrotic or apoptotic cell
remnants [20]. PPAR γ plays an important role
in activating microglia/macrophages [21], and
increases expression of CD36 on microglia,
promotes absorption of hematoma and improves
prognosis after ICH [22].

 Mixed culture of neurons and neuroglia

Related research also showed that thrombin and
inflammatory factors, such as tumor necrosis
factor alpha (TNF α) and interleukin 1 (IL-1)
could induce inducible nitric oxide synthase
(iNOS) and other reactive oxygen species
on microglia surface through the p38MAPK
signaling pathway [23]. The p38MAPK is
a signaling pathway closely associated with
regulation of inflammation and oxidative stress
[24]. Microglial phagocytosis in living slice
cultures was inhibited by the p38MAPK inhibitor
SB203580 but not microglial accumulation in
the injured area [25], and Toll/interleukin-1

All the animal experiments were approved by the
Animal Care We1fare Committee of Guizhou
Medical University, China. The 1-2 day neonatal
SD rats (provided by the Animal Experimental
Center of Guizhou Medical University, China)
were killed by CO2 inhalation. Brain tissues
were separated from meninges and blood vessels
under aseptic conditions, and put into2 ml
DMEM/F12 medium (DMEM + 10% FBS +
1% Penicillin-Streptomycin + 1% glutamine)
(Gibco, USA).The tissues in medium were
digested with equal volume of 0.25% trypsin
and then filtrated with a 200-mesh sieve. The

Neuropsychiatry (London) (2018) 8(4)

Based on these previous studies, we proposed
the research hypothesis that in the procoagulant
extra-cellular environment resulting from ICH.
RSG may increase the phagocytic capacity of
microglia through activation of p38MAPK
signaling, so as to remove the hematoma in
a timely manner and reduce secondary brain
damage. To confirm this we used thrombinactivated microglia as a model to observe the
influence of RSG on CD36 expression and
microglial phagocytosis.
Materials and Methods

Microglial Activation in the Ventral Hippocampus Induced by Acute Social Defeat is Associated with
Amygdala Activity
filtrate was centrifugedfor 5 min at 1500 rpm,
and the collected cells were inoculated into a
culture flask (precoated with 0.001% of poly
L-lysine (Sigma, USA)) at a density of 2×106,
then cultured at 35oC with 5% CO2 for 14 days
in a cell incubator.
 Purification and identification of

microglia

Microglia was purified using a modified method
based on a short shaking protocol to prevent
damage to the cells (32). A mixture of neurons
and neuroglia was cultured for 14 days and
then placed on an orbital shaker under aseptic
conditions, and shaken for 2 hours (200r/min,
37oC). The microglia fell off into the culture
medium during shaking. A small volume of the
medium was removed to count the microglia
under a microscope. Then 2 ml of the medium
was aspirated and labeled with OX-42 (which
is murine antibody to the microglial marker
CD11b/c; Abcam, USA; 1: 100). A DAB
chromogenic reagent kit was also used to
visualize the nuclei (CWbiotech, Beijing,
China). PBS buffer (0.01 mol/L) was used
as a negative control for the OX-42 labeling.
The cells were observed under an inverted
microscope and imaged.
 Cell grouping and treatments

Culture medium containing microglia was added
to a six-well plate at a final density of 0.8×106
cells per well. 1.5 ml fresh DMEM/F12 medium
was added. After overnight culture, the cells were
divided into 4 groups: normal control group
(NC group), thrombin treatment group (TH
group), RSG pretreatment + thrombin treatment
(RSG group) group, and RSG pretreatment +
thrombin treatment together with p38MAPK
signaling blocker group (SB group).
The TH group was supplemented with2×104 U/L
thrombin (Yige pharmaceutical Co. Ltd, Hunan,
China). The RSG group was supplemented
with 25 μmol/L RSG (Sigma, USA) for 1 hour
and then subjected to 2×104 U/L thrombin
treatment, and the SB group was supplemented
with10 μmol/L SB203580 (MedchemExpress,
USA) for 1 hour, then subjected to 25 μmol/L
RSG treatment for 1 hour followed by 2×104
U/L thrombin treatment. The MC group had
the same volume of DMEM/F12 medium added
as the other groups received during thrombin
treatment. The thrombin treatment lasted for 24
hours.
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Cells from 6 neonatal SD rats were included in
one sample and cells in the same sample were
assigned to four groups equally. For western
blot and RT-PCR analysis, 4 samples from 24
neonatal rats were used respectively. For the
detection of microglial phagocytosis ability, only
one sample was used. Cells from the same sample
were assigned to four groups equally. A total of
54 neonatal SD rats were used in the present
study.
 Observation of microglial phagocytosis

by laser scanning confocal microscope

The microglia suspension was transferred to a
laser confocal petri dish (NEST Biotechnology
Co. Ltd., China), and then cultured with different
treatments according to the cell grouping. The
next day 5 μl red fluorescent microspheres
(diameter: 0.5 μm, wave length: 575 nm; Sigma,
USA) were added to each dish, and incubation
was continued for 4 hours. The microglia were
washed with PBS and then stained with DAPI
to show the nuclei. After being incubated for 15
minutes in an incubator, the DAPI was discarded
and the cells were washed with PBS and this
solution was collected. The phagocytized red
fluorescent microspheres were observed under a
laser scanning confocal microscope (Carl Zeiss,
Germany).
 Western blots to detect CD36 protein

expression

Microglia after different treatments according
to grouping was lysed with cell lysis buffer and
cell debris was collected and cracked to release
residual liquid at 4°C and centrifuged at 12000
rpm. The centrifuged supernatant was evaluated
by a BCA kit (CWbiotech, Beijing, China) and
the total protein in each sample was calculated.
An SDS-PAGE gel was made according to
instructions of the kit (Solarbio, Beijing,
China), and loaded into the electrophoresis
system. Samples and standard proteins were
loaded into lanes according to scheduled order.
Electrophoresis was performed under a 20 mA
constant current until the pre dye and marker
band had clearly separated. After electrophoresis
the SDS-PAGE gel was placed in a trans-blot,
with a PVDF membrane, and the protein was
transferred under a 200 mA constant current at
low temperature for 2 hours. After transferred
to membrane, had occurred rabbit anti rat
CD36(Abcam, USA) (1:1000) and secondary
antibody (Solarbio, Beijing, China) (1:200),
were incubated at 4°C overnight. The antibody
mixture was then discarded, and the membrane
1134
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was washed 3 times with washing buffer. After
exposure and developing with a high sensitivity
chemiluminescence detection kit in a dark room,
the resulting image was scanned and saved to
computer.
 RT-PCR to detect CD36 geneexpression

level

Microglia after treatment according to their
grouping was extracted for total RNA by
Trizol total RNA extract kit (TIANGEN,
Beijing, China: wholly-owned subsidiary of
QIAGEN, Germany). The resulting extraction
was centrifuged at 12000 rpm for 10 min at
4°C, and RNA was precipitated with isopropyl
alcohol at room temperature, and then
centrifuged at 12000 rpm for 10 min at 4°C. The
supernatant was discarded and the pellet dried
at room temperature for 5 min; then dissolved
in 20 μl DEPC water. 2 μl was removed to
measure the RNA purity and concentration by
Nanodrop2000 ultraviolet spectrophotometer
(Thermo FisherScientific, USA), if the ratio of
purity was between 1.8 to 2.2 the sample was
used in the experiments. Reverse transcription
of cDNA was performed using the PrimeScript
™ RT reagent Kit (TaKaRa, Japan) with gDNA
Eraser, steps by following the instructions of the
product manual. CD36 primers were synthesized
by Invitrogen Beijing Office (Table 1). Using
SYBR ® Premix Ex Taq ™ II (TliRNaseH Plus)
ROX Plus (TaKaRa, Japan) for amplification,
the 45 cycles of amplification procedure followed
after 95°C for 30 sec with. The melting curve
at 60 to 95°C was analyzed for a single-peak at
melting curve.
 Statistical analysis

SPSS13.0 software (SPSS Inc., Chicago, IL, USA)
was used for statistical analysis. Measurement
data were shown as mean ± standard deviation.
One-way analysis of variance (ANOVA) was
used for mean value comparison among multiple
samples; then for post-hoc test, the Student–
Newman–Keuls (SNK) method was used if the
data met homoscedasticity criteria, otherwise
the Dunnett’s T3 test was performed. P < 0.05
meant a significant statistical difference.
Table 1: Primers used in this study.
Primer
CD36 forward
CD36 reverse
GAPDH forward
GAPDH reverse
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Sequence (5'to3')
ATGAGACTGGGACCATCGGC
CAACAAACATCACTACTCCAACACC
CCTTCCGTGTTCCTACCCC
GCCCAGGATGCCCTTTAGTG

Product (bp)
123
131
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Results
 Primary microglia culture

Microglia isolated from the short vibrational
method were observed and imaged under a high
resolution microscope every 3 days during cell
culture (Figure 1). They reached 1.8×106/mm2
at the 14th day of culture. Labeling with OX42 to indicate microglia (Figure 2), showed the
percentage of positive cells (purity) was above
95%.
 Phagocytosis

Each group of microglia showed phagocytosis
under a 400 times laser scanning confocal
microscope, the TH group phagocytized more
red fluorescent microspheres than the NC group,
the RSG group phagocytized a higher number of
red fluorescent microspheres compared with the
NC group and the TH group, and showed the
most phagocytized red fluorescent microspheres
of all the groups. After using SB203580 antagonist
the numbers of phagocytized red fluorescent
microspheres were obviously decreased (Figure 3).
 Expression of CD36

CD36 protein was detected in all 4 groups: the
expression level in RSG group was significantly
higher than in the TH group (P<0.01), and
expression in SB group was obviously lower than
in the RSG group (Figure 4A).
CD36 mRNA was detected in all 4 groups: the
RSG group also had significantly higher level
compared with the TH group (P < 0.01), and
expression of SB group was obviously lower than
the RSG group (Figure 4B).
Discussions
In the present study, the thrombin -activated
microglia was used as a model to observe the
influence of RSG on microglial phagocytosis after
ICH, and to explore the underlying molecular
mechanisms. The results demonstrated that the
RSG could enhance the phagocytosis of the
microglia, and the phagocytosis of the microglia
was inhibted by using SB203580 (an inhibitor of
p38 MAPK). The RSG group expressed higher
levels of CD36 protein and mRNA than the
other groups, which were reversed by SB203580
treatment. Taken together these results suggested
RSG increase thrombin-induced phagocytosis
in microglia, and the mechanism might involve
increased expression of CD36 on the microglia
surface through p38MAPK signaling.
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Figure 1: Photomicrographs of morphological changes of microglia at different time (×100).
The morphology and the types of the microglias was unable to be identified on the first day. The astrocytes with long neural processes could be visualized, with
a small number of oligodendrocytes, microglial cells attached to its body on the third day. On the six day and thereafter, the numbers of the abovementioned
cells were increased significantly.

Figure 2: The identification of the microglias by using the method of SP (×400).
OX-42 was used to determine the purity of microglial cells by immunostaining. More than 95% positive microglial cells were found. Microglias stained with a
1:100 OX-42 monoclonal antibody displayed thicker colors (figure2A) compared with those stained with PBS (Figure2B).

The neural protective nature of PPARγ agonists
for the clinical treatment of ICH, stroke,
spinal cord injury and traumatic brain injury
is currently being studied, mostly in terms of
the reduction of inflammation [32-36]. Other
studies suggest that these agonists may exert
neuroprotective effects via the inhibition of
neuronal apoptosis and autophagy following
experimental traumatic brain injury [37]
and decrease matrix metalloproteinase-9 and
blood-brain barrier disruption after ICH [38].
However, previous studies have shown that
the PPAR γ agonist RSG could promote the

expression of CD36 in microglia, which in
turn promotes hematoma absorption [29,30].
The present study supports this view as the
RSG could increase phagocytosis of thrombinactivated microglia. The mechanism underlying
the effects of RSG on the phagocytosis might be
through the p38MAPK signaling pathway. Such
effects may occur after the RSG upregulated
the CD36. Therefore, these results suggest that
PPAR γ agonist therapy, if found to be a suitable
new treatment, is likely to reduce secondary brain
damage after ICH and improve the outcome of
the patients with ICH.
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Figure 3: The red fluorescent microspheres phagocytized by microglias (×400).
The NC group phagocytized a few red fluorescent microspheres. The TH group and the RSG group phagocytized a significant increase of red fluorescent
microspheres. Particularly, the RSG group phagocytized a higher number of red fluorescent microspheres compared with the NC group and the TH
group, and showed the most phagocytized red fluorescent microspheres of all the groups. However, the numbers of phagocytized red fluorescent
microspheres were obviously decreased after using SB203580 antagonist. These results suggested that activation of PPARγ could increase the ability
of microglias by way of p38MAPK signaling.

The p38MAPK antagonist was used in this
study based on the facts that the p38MAPK
signaling pathway has an important role in
microglial phagocytosis of injured neurons
[25-27]. Adenosine A1 receptors could also
reduce secondary brain damage after ICH via
activating the p38MAPK signaling pathway
[28]. It has also been shown that p38MAPK
activation plays a key role downstream of the
PPARγ signaling [31]. This study supports
the view that RSG might positively regulate
p38MAPK signaling through PPARγ.
However, more studies are needed to fully
investigate all the other factors involved in
this signaling pathway to fully elucidate the
mechanism of RSG promoting thrombininduced microglia phagocytosis.
1137
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Conclusions
PPARγ agonist RSG could promote thrombininduced microglial phagocytosis, the mechanism
of which may be related to the upregulation of
the CD36 on the microglial cell surface and
the activation of p38MAPK signaling by RSG.
Therefore, we hope that PPARγ agonists could
function as a new treatment to reduce secondary
brain damage after ICH, thereby improving the
patient’s cure rate and survival rate.
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Figure 4: Changes of CD 36 mRAN and proteins of microglias in different groups.
The CD36 increased in the TH group and reached the highest level in the RSG group as compared with the MC group. However, the level of CD36 was
decreased in the SB group. These results suggested that the activation of PPARγ could increase the CD36 by way of p38MAPK signaling.
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