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Purpose: Traumatic brain injury (TBI) is a major cause of morbidity and mortality world-
wide. Increasing evidence indicates that activated microglia play an important role in the
inflammatory response in TBI. Inhibiting M1 and stimulating M2 activated microglia have
protective effects in several animal models of central nervous system (CNS) disorders. In the
present study, we investigated whether tanshinone IIA (TNA) protects neurons by shifting
microglia polarization in a mouse TBI model and further investigated the mechanism
in vitro.

Materials and Methods: Forty C57BL/6 mice were used to investigate the effect of TNA
on microglia polarization in TBI. BV-2 cells were used to examine the mechanism of TNA in
regulating microglia polarization.

Results: Normal saline (NS), TNA and the combination of TNA with ICI 182,780 (ICI, an
estrogen receptor antagonist) were used to treat the TBI mice. After TBI, mice from each
group demonstrated functional improvement. The improvement rate in mice treated with
TNA was faster than other groups. ICI partially reversed the benefits from TNA treatment.
TNA treatment significantly reduced TBI-induced neuronal loss. The number of microglia
after TBI was not significantly changed by TNA treatment. However, TNA treatment
significantly decreased M1 macrophage markers (iNOS, TNFa and IL-1B) and increased
M2 macrophage markers (CD206, arginase 1 and Ym1). This effect was partially abolished
by ICI. TNA treatment downregulated M1 macrophage markers and upregulated M2 macro-
phage markers in BV-2 cells under LPS stimulation. IL-10 was significantly increased by
TNA treatment without a significantly change of IL-4 and IL-13 expression. IL-10 knock-
down completely abolished the effect of TNA on microglial M2 polarization.

Conclusion: Taken together, our data demonstrated that TNA attenuates neuronal loss in
mouse TBI model and promotes M2 microglia by ERB/IL-10 pathway. Thus, TNA could be
a potential drug for TBI and/or the disorders that caused by microglial over-activation in CNS.
Keywords: tanshinone IIA; TNA, traumatic brain injury; TBI, microglia, interleukins,

macrophage polarization

Introduction

Traumatic brain injury (TBI) defines as a disruption of normal brain function
caused by an external physical force and it is a major cause of disability and
mortality worldwide.' In China, the population-based mortality of TBI is esti-
mated to be about 13/100,000 people.? In the US and Europe the number of patients
with TBI-related complications is about 13 million.* Although TBI subtypes differ
in their pathology, consequences a contusion core due to cell death and
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inflammatory processes are the major hallmarks of TBI at
the lesion zone.” Till now few clinical treatments for TBI
have been shown to be effective or promoted functional
recovery after TBL%” Therefore, there is a need for novel
pharmacotherapies that are able to promote neural function
in TBI patients.

In TBI the inflammatory response is a key factor in the
cascade of secondary injury. TBI-induced inflammatory
response is characterized by activation of resident immune
cells and recruitment of peripheral leukocytes into brain
parenchyma.®® Microglia are the innate immune cells of the
CNS and are the major mediators of neuroinflammation.'”
Microglia respond to pro-inflammatory molecules, such as
bacterial lipopolysaccharide (LPS) or interferon-y (IFNy), to
adopt a “classical” M1-like phenotype (pro-inflammatory
microglia), which produces high levels of pro-inflammatory
cytokines (IL-1B, tumor necrosis factor-o (TNFa), chemo-
kines and reactive oxygen species.'"*'* M1 microglia markers
iNOS, IL-1B, TNFa, CD86, and MHC IL
A dysregulated or excessive M1-like activation can induce

include

neurotoxicity due to release of pro-inflammatory factors and
neurotoxic mediators that set off vicious cycles of microglial-
mediated neurodegeneration.'® Microglia significantly polar-
ize to the M1 phenotype and express a large number of pro-
inflammatory factors after TBI.'* Microglia also respond to
TH2 cytokines such as IL-4 and IL-13 to induce M2 activation
that is associated with tissue repair, immunity against para-
sites, and growth stimulation.'""'? M2-polarized cells upregu-
late several phenotypic markers such as arginase 1, CD206,
Yml, Fizzl, and increase production of scavenger receptors
for phagocytosis.''"'? Strategies shifting the M2/MI ratio
already showed promising results in variety of brain injury
including TBL' Promoting M2-like microglia is anti-

. 16-1
inflammatory and  can 618

promote  regeneration.
Transplanting M2-polarized cells to counteract the M2 to
M1 transition after TBI has been shown to reduce neurode-
generation and promote long-term functional recovery.'*>
Tanshinone IIA (TNA) is an important lipophilic diter-
pene extracted from Salvia miltiorrhiza BUNGE. Since
TNA has anti-inflammatory and anti-apoptotic effects it
is currently used to treat patients suffering from myocar-
dial infarction (MI), stroke, angina pectoris, diabetes, and
other conditions in China and other neighboring
countries.’’ > TNA could exert an anti-inflammatory
effect on LPS-induced macrophages by decreasing TLR4-
MyD88-NF-kB signaling pathway and by regulating
and miRNA

expression.”*?* In a spinal cord injury (SCI) rat model

a series of cytokine production

TNA inhibited the expression of pro-inflammatory factors
and related pathways, ameliorated apoptosis, and reversed
the imbalance of the redox state.”® A previous study also
demonstrated the anti-inflammatory and anti-apoptotic
roles of TNA by up-regulating miR-124 and then inacti-
vating JNK and p38 MAPK pathways.?’

It has been reported that estrogen receptor B (ERpB) but
not ERa is expressed in microglia in the CNS.*® ERp
agonist had an anti-inflammatory effect by inhibiting M1
microglia in experimental autoimmune encephalomyelitis
mice.”®?° Stimulating ERB in macrophages in crown-like
structure (CLS) within adipose tissue decreased the num-
ber of CLS by
Furthermore, TNA has been shown to protect myocardial

suppressing M1 macrophages.*’
ischemia reperfusion injury-induced ventricular remodel-
ing by upregulating ERB via PI3K/Akt signaling.®'
However, no study reports whether TNA is able to shift
microglia polarization through ERp signaling.

In the present study, by using TBI mouse model and
BV-2 cells, we found that TNA attenuated neuronal loss in
mouse TBI model and promoted microglial M2 polariza-
tion. Further studies demonstrated that the effect of TNA
on microglial M2 polarization is via ERB/IL-10 signaling.

Materials and Methods

In the present study, we have followed all the guidelines
stated in Guide for the Care and Use of Laboratory Animals,
prepared by the Committee on Care and Use of Laboratory
Animals of the Institute of Laboratory Animal Resources
Commission on Life Sciences, National Research Council,
China (1996). The animal studies were approved by the local
Animal Experimentation Ethics Committee (Guizhou
Provincial People’s Hospital, Guizhou, China) for animal
experimentation. Efforts were made to minimize the number

of mice used and their suffering.

Traumatic Brain Injury Mouse Model

Male mice, weighing 22-27 g (8-10 weeks old), C57BL/6
were used in this study. The temperature in the room was
25 °C and the room was under the condition of a 12-hour
light-dark cycle. Mice were housed with free access to
food and water before experimentation. Mice were
anesthetized with xylazine (10 mg/kg) and ketamine
(75 mg/kg) and immobilized by placing the head in
a stereotactic frame. Oxygen was supplied through a face
mask during surgery. After a 10 mm long midline incision
was made on the scalp, a 3.5 mm diameter opening was
drilled in the right cranium 2.0 mm lateral to the sagittal
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suture between bregma and lambda. The surgical proce-
dure was completed for the Sham group. For the experi-
mental groups, a controlled cortical impact (CCI) device
(PinPoint Precision Cortical Impactor PCI3000; Hatteras
Instruments, Cary, NC, USA) was used to establish the
TBI model. A 3.5 mm diameter rounded steel impactor tip
was placed on the exposed intact dura. And then the
cortical surface was hit vertically at an impact velocity
of 1.5 m/s to deform a depth of 1.5 mm, and dwell time of
100 ms. A sterile cotton gauze and pressure were used to
control the bleeding of the injured cortical surface. The
incision was sutured with interrupted 6.0 silk sutures after
the cranial defect was sealed with sterile bone wax. The
animal was placed on a heating pad for recovery from
anesthesia until they regained full consciousness and then
moved to their home cages.

Treatments for Mice

After TBI, mice were randomly divided into four groups
(n=10): Sham group, TBI+ normal saline (NS group), TBI
+TNA (TNA group), and TBI+TNA+ICI group (TNA+ICI
group). We injected NS as control. TNA was purchased
from Sigma-Aldrich (T4952, St. Louis, MO, USA). In
TNA and TNA+ICI group, TNA was administered 1
h after operation (50 mg/kg) by intraperitoneal injection.
From day 1 to 6 post-TBI, TNA was administrated (20 mg/
kg) once a day at the same time. Mice in TNA+ICI group
were treated with ICI 182,780 (20 mg/kg/d; 14409,
St. Louis, MO, USA) by s.c. injection 1 h after TBI and
once a day from day 1 to 6 post-TBI. Agar chow instead of
solid chow was used since the mice were hemiplegia and
hemidysesthesia after TBI.

Modified Neurological Severity Score

(mNSS)

On day 0, 1, 3, 5, and 7 after TBI modified neurological
severity score (mNSS) assessment was performed by
a researcher who was blinded to the study. The NSS con-
sists of motor (muscle status, abnormal movement), sensory
(visual, tactile, proprioceptive), reflex, and balance tests as
described previously. Neurological function was graded on
a scale of 0 to 18 (normal score, 0; maximal deficit score,
18). A higher mNSS score indicates a more severe injury.

Histological Analysis
On day 7 after TBI, four mice from each group were
sacrificed under deep anesthesia and transcardially

perfused by 1X PBS followed by 4% paraformaldehyde,
for histological analysis. The injured regions were cryo-
protected with 30% sucrose for 24 h after 24 h fixation in
4% paraformaldehyde. To evaluate Ibal expression,
serial 10 um-thick coronal sections were processed for
staining with Rabbit monoclonal to Ibal antibody
(1:1000, Abcam, ab178846). Nissl staining was done
for calculating neurons. Briefly frozen sections were
mounted on gelatin coated slides. Sections were dried in
air on slide overnight. Slides were placed into 1:1 alco-
hol/chloroform overnight and then rehydrated through
100% and 95% alcohol to distilled water. Slides were
stained in 0.1% cresyl violet solution for 5-10 minutes.
Then slides were rinsed quickly in distilled water. After
that slides were differentiated in 95% ethyl alcohol for
5-10 minutes and checked under microscope for best
result. Slide were mounted with mounting medium after
dehydrated in 100% alcohol and cleared in xylene. For
statistical analysis every fifth slide from 50 consecutive

slices i.e., 10 slices from each mouse were selected.

Cell Culture and Treatment
BV-2 cells (EOC-20 CRL-2469; ATCC), immortalized
microglia cell line derived from the brain of an apparently
normal 10 day old mouse, were cultured in DMEM/F12
medium with 10% FBS and 1% penicillin/streptomycin at
37°C in a humidified atmosphere containing 95% air and
5% CO2. Cells were plated into 24-well plates at the
density of 5 x 10°/well. Cells were divided into four
groups: control group (Ctr group), lipopolysaccharide
(LPS, L4391, Sigma-Aldrich, St. Louis, MO, United
States) group (LPS group), LPS+TNA group (LPS+TNA
group), and LPS+TNA+ICI group (LPS+TNA+ICI group).
Cells were treated in absence or presence of LPS (1 pg/
mL) for overnight. For LPS+TNA group and LPS+TNA
+ICI group, cells were treated with concentrations of TNA
at 10uM for 24 h. Cells in LPS+TNA+ICI group were
treated with ICI 182, 780 (Sigma-Aldrich, St. Louis, MO,
United States) at 5 pumol/l for 24h. At last cells were
collected for quantitative RT-PCR and Western blotting.
IL-10 knockdown was conducted by 300 nM IL-10
siRNA plasmids (sc-39,635, Santa Cruz Biotechnology,
Inc.) or a nonsense scramble siRNA (sc-37,007, Santa
Cruz Biotechnology, Inc.) transfection in BV-2 cells. After
transfection for 24 h, cells were treated with LPS+TNA for
another 24 h. Then cells were collected for analyzing.
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RT-PCR

On day 7 mice from each group were sacrificed for collecting
fresh brain samples. Brains were dissected out and kept in
nitrogen. RT-PCR was performed s describe before.*
Following manufacturer’s instructions total RNA from lung
or BV-2 cells was extracted by using RNeasy Kkits
(Invitrogen, St. Louis, MO, USA). An on-column addition
of DNase (Qiagen, Crawley, UK) was used to prevent DNA
contamination according to manufacturer’s instructions.
RNA samples were subjected to reverse transcription using
a PrimeScript RT Reagent Kit (Takara, Dalian, China). For
each sample the reactions were run in triplicate in three
independent experiments. Then the Rotorgene software
accompanying the PCR machine was used to collect and
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analyze data. The sample CT values were normalized to the
corresponding GAPDH CT values. AACt method is used to
calculate the relative expression levels of each gene. The
primers used were as follows: iNOS forward, 5-CG
AAACGCTTCACTTCCAA-3' and reverse, 5'-TGAGCC
TATATTGCTGTGGCT-3"; TNFa forward, 5-GCCTCTT
CTCATTCCTGCTTG-3' and reverse, 5'-CTGATGAGAGG
GAGGCCATT-3"; IL-1B forward, 5-GCAACTGTTCC
TGAACTCAACT-3' and reverse, 5'-ATCTTTTGGGGTCC
GTCAACT-3"; CD206 forward, 5-CTCTGTTCAGCTAT
TGGACGC-3' and reverse, 5-CGGAATTTCTGGGATT
CAGCTTC-3; Arg-1 forward, 5-AACACGGCAGTGGC
TTTAACC-3' and reverse, 5'-GGTTTTCATGTGGCGCAT
TC-3'; Ym1 forward, 5'-CATGAGCAAGACTTGCGTGA
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Figure | TNA treatment ameliorated neuronal loss and promoted neurological functional recovery after TBI. (A) Neurons were determined by Nissl staining. Many normal
neurons (arrows) were detected in Sham group. TNA-treated mice had much more neurons on day 7 compared with NS-treated or TNA+ICl-treated mice (*P < 0.05, **P <
0.01). (B) NSS score on day 0, I, 3, 5 and 7 after treatment. In Sham group no neurological deficit was found. Compared with NS-treated mouse, TNA-treated mice had less
severe symptoms from day 3 after treatment (*P < 0.05, **P < 0.01). Compared with TNA+ICl-treated mice, TNA-treated mice also showed better recovery from day 5
(P < 0.05). TNA+ICl-treated mice did not recover better than NS-treated mouse within 7 days. (scale bar: 50 pm.).

Abbreviations: TNA, tanshinone IIA; TBI, traumatic brain injury; IC, ICI 182,780.

submit your manuscript

3242

Dove

Neuropsychiatric Disease and Treatment 2020:16


http://www.dovepress.com
http://www.dovepress.com

Dove

Chen et al

C-3" and reverse, 5'-GGTCCAAACTTCCATCCT CCA-3";
IL-4  forward, 5-TCGGCATTTTGAACGAGGTC-3'
and reverse, 5'-GAAAAGCCCGAAAGAGTCTC-3"; IL-10
forward, 5-AGAAAAGAGAGCTCCATCATGC-3' and
reverse, S'-TTATTGTCTTCCCGGCTGTACT-3"; IL-13 for-
ward, 5'-TGAGGAGCTGAGCAACATCACACA-3" and
reverse, 5'-TGCGGTTACAGAGGCCATGCAATA-3'"; GAP
DH forward, 5'-TCAACAGCAACTCCCACTCTTCCA-3'
and reverse, 5'- ACCCTGTTGCTGTAGCCGTATTCA-3'.

Western Blotting

Brain tissues from injured regions or cells were lysed in
RIPA buffer (Beijing BLKW Biotechnology Co., Ltd,
Beijing, China) followed by centrifugation at 10,000 g for
10 minutes at 4 °C. Proteins from brain tissues were electro-
phoresed in 10% SDS-PAGE gels under reducing conditions.
After that, proteins were transferred to nitrocellulose mem-
branes. 3% milk in PBST was used to block unspecific
bindings of antibodies. Membranes were incubated with
following primary antibodies: anti-iNOS (1:1000, Santa
Cruz Biotechnology, sc-7271) or anti-CD206 (1:1000,
Santa Cruz Biotechnology, sc-58,986) or anti-IL-4 (1:1000,
Santa Cruz Biotechnology, sc-53,084) or anti-IL-10 (1:500,

Santa Cruz Biotechnology, sc-365,858) or anti-IL-13

(1:1000, Santa Cruz Biotechnology, sc-393,365). The mem-
branes were then incubated with horseradish peroxidase
(HRP)-conjugated secondary antibodies at 1:2000 for
1 h and were washed by PBST 3 times. An Odyssey
(LI-COR
Bioscience) was used to evaluate the specific signals and

Infrared Imaging system and software

the corresponding band intensities.

Statistical Analysis

Data are shown as mean + standard error of the mean (SEM).
Statistical significance was analyzed by repeated measures of
analysis of variance (ANOVA) followed by Bonferroni post
hoc test or unpaired Student’s #-test, if they were normally
distributed (Kolmogorov-Smirnov test, p>0.05). P < 0.05
was considered as statistically significant.

Results
TNA Treatment Attenuated Neuronal
Loss and Promoted Neurological

Functional Recovery in TBI Mice

To investigate whether TNA decreases neuronal loss in TBI
mice, we treated mice from 1 h after TBI to day 6 with NS,
TNA or combination of TNA and ICI. Mice in the Sham
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Figure 2 TNA treatment changed microglial morphology with no change in microglial numbers. (A) In Sham group some normal microglia with small cell body and long, thin
branches. Compared to the microglia in Sham group there were more microglia with larger cell body and shorter, thick processes in mice treated with NS. TNA treatment
obviously decreased the branches of microglia than in mice treated with NS or treated with TNA+ICI. Compared to microglia in NS-treated mice TNA+ICI| treatment did
not change activated microglia induced by TBI. A higher magnification picture was inserted for the red box in each picture. (B) Statistic analysis of microglial numbers
(¥P<0.01, "P>0.05). (scale bar: 100 um.).

Abbreviations: TNA, tanshinone IIA; TBI, traumatic brain injury; IC, ICI 182,780.
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group had many normal neurons (arrows) detected by Nissl
staining (Figure 1A). However, mice in the NS group far
fewer neurons with abnormal morphology (arrow heads)
on day 7 after TBI (Figure 1A). TNA-treated mice had
significantly more neurons on day 7 compared with that in
NS-treated mice (P<0.01). In the TNA+ICI-treated mice,
the number of neurons was significantly less than that in
TNA-treated mice (P<0.05) (Figure 1A). To evaluate
whether TNA treatment could improve sensorimotor deficit,
we compared NSS scores (n=10 for each group). All of the
mice scores were 0 before TBI (day 0). In the Sham group
no neurological functional deficits were demonstrated in the
study. There were no significant differences in NSS scores
among all TBI groups on day 1. From day 3 to day 7
neurological function was shown progressive recovery in
all TBI groups. However, TNA treatment demonstrated
better improvement in NSS scores comparing with NS

A

Relative mRNA expression
O =~ N W AN OO
|

iINOS TNFa IL-18
B

INOS s == o = s 130 kDa

CD206 www == s == 130 kDa
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B-acting s s s - 42 kDa

~o‘°® S ©
9 ,@?"

P Sham
%k

group on day 3 (P3) (P<0.05), P5 (P<0.05) and P7
(P<0.01) (Figure 1B). ICI partially abolished the benefits
of TNA treatment (Figure 1B). No significant difference on
body weights was observed among the 4 groups during 7
days.

TNA Inhibited Microglia Activation with
the Number of Microglia Unchanged

In Sham group, there were a few resting microglia with small
cell bodies, long and thin ramified processes (Figure 2A).
Microglia in NS group became activated with demonstrating
enlarged bigger cell bodies and poorly ramified, short and
thick processes (Figure 2A). In addition, the number of
microglia was significantly increased when compared to
that in Sham group (Figure 2A and B). When mice were
treated with TNA, this Ibal-positive microglia had smaller
cell bodies with long and thin ramified processes when
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Figure 3 TNA treatment promoted microglial M2 polarization in vivo. (A) TNA treatment downregulated M| macrophage (iNOS, TNFa and IL-Ip) upregulated M2
macrophage (CD206, arginase | and YmI) mRNA levels than those in NS group. No significant differences were found between TNA+ICI group and NS group. (B) Western
blots for iNOS, CD206 and B-actin. TNA treatment downregulated iNOS protein about 3.2 folds and upregulated CD206 protein about 3.0 folds than those in NS group

(*P<0.01).

Abbreviations: TNA, tanshinone llIA; IC, ICI 182,780; iNOS, inducible nitric oxide synthase; TNFa, tumor necrosis factor a.
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compared to that in NS group. In TNA+ICI-treated mice, the
morphology of microglia remained activated (Figure 2A).
However, TNA treatment did not reduce the number of
microglia when compared to that in NS-treated mice or in
TNA+ICI-treated mice (Figure 2B).

TNA Promoted Microglial M2

Polarization in vivo

Microglia can be divided into two different subtypes, M1
and M2 microglia by expressing different marker pro-
teins. TNFo, iNOS and IL-1B are mainly expressed in
M1 microglia. M2 microglia express CD206, Arginase 1,
and Yml. M1 and M2 marker mRNAs were both upre-
gulated in NS group. M1 marker mRNAs were increased
higher than M2 marker mRNAs (Figure 3A). TNA treat-
ment significantly downregulated M1 macrophage maker

>

Relative mRNA expression

7
6
5
4
3
2
1
0

Relative protein expression

1
—
(@) ™

o = N W »H

mRNA level and upregulated M2 macrophage marker
mRNA level than those in NS or in TNA+ICI group
(P<0.01) (Figure 3A). To confirm the change in protein
level, Western blotting for iNOS and CD206 was per-
formed. The results demonstrated that TNA treatment
downregulated iNOS protein about 3.2 folds and upre-
gulated CD206 protein about 3.0 folds than those in NS
group (P<0.01) (Figure 3B).

TNA Treatment Switched Microglial M|

to M2 Polarization in vitro

To further investigate whether TNA treatment switch
microglial M1 to M2 polarization, BV-2 cells were cul-
tured and activated by LPS. Notably, strong M1 microglial
marker mRNAs were induced by LPS (Figure 4A). After
TNA treatment M1 marker mRNAs were decreased, and
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ks

INOS

CD206

Figure 4 TNA treatment inhibited M| microglia and promoted M2 microglia in vitro. (A) TNA treatment decreased M| macrophage (iNOS, TNFa and IL-1p) increased M2
macrophage (CD206, arginase | and Ym|) mRNA levels than those in LPS group. No significant changes were found between TNA+ICI group and LPS group. (B) Western
blots for iINOS, CD206 and B-actin. TNA treatment decreased iNOS protein about 2.| folds and upregulated CD206 protein about 2.2 folds than those in LPS group

(P<0.01).

Abbreviations: TNA, tanshinone IlIA; IC, ICI 182,780; iNOS, inducible nitric oxide synthase; TNFa, tumor necrosis factor a.
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M2 marker mRNAs were increased. As expected, the
effect of TNA on microglial M2 polarization was blocked
by ICI (Figure 4A). Western blotting for iNOS and CD206
was performed to confirm the express on protein level. The
results showed that TNA treatment decreased iNOS pro-
tein about 2.1 folds and upregulated CD206 protein about
2.2 folds than those in LPS group (P<0.01) (Figure 4B).

TNA Treatment Upregulated IL-10
Expression and IL-10 Knockdown
Abolished Microglial M2 Polarization by
TNA in vitro

IL-4, IL-10 and IL-13 were reported to promote microglial
M2 polarization.>® To determine whether TNA could regu-
late IL-4, IL-10 and IL-13, the mRNA and protein
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expressions of IL-4, IL-10 and IL-13 were measured. TNA
treatment increased IL-10 mRNA about 2.5 folds than that in
LPS group (P<0.01) (Figure 5A). There were no significant
changes of IL-4 and IL-13 mRNA (Figure 5B). On protein
level IL-10 were upregulated about 2.3 folds by TNA treat-
ment when compared to LPS treatment (P<0.01). No sig-
nificantly changes of IL-4 and IL-13 on protein level (Figure
5B). Further studies were then conducted to evaluate the role
of IL-10 upregulated by TNA on microglia M1/M2 polar-
ization. First Western blot for IL-10 confirmed that IL-10
siRNA efficiently knocked down IL-10 expression around
85% (P<0.01) (Figure 6A). Then mRNA for M1 microglial
markers and M2 microglial markers demonstrated that the
effect of TNA on TNA on microglial M2 polarization was
reversed by IL-10 knockdown (Figure 6B).

* % m Ctr

) mLPS
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J--.-' =y B

IL-10 IL-13
**  mCtr
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IL-10 IL-13

Figure 5 IL-10 knockdown abolished the effect of TNA on microglial M2 polarization in vitro. (A) Western blot for IL-10 and B-actin. It showed that IL-10 siRNA knocked
down around 85% of IL-10 expression induced by LPS. (B) qPCR for M| microglia (iNOS, TNFa and IL-1B) M2 microglia (CD206, arginase | and Ym|) demonstrated that
the effect of TNA on TNA on microglial M2 polarization was reversed by IL-10 knockdown (¥P<0.01, "P>0.05).

Abbreviations: TNA, tanshinone IIA; LPS, lipopolysaccharide; iNOS, inducible nitric oxide synthase; TNFa, tumor necrosis factor o.

submit your manuscript

3246

Dove

Neuropsychiatric Disease and Treatment 2020:16


http://www.dovepress.com
http://www.dovepress.com

Dove

Chen et al

Discussion

In the present study, we investigated whether TNA shifts
the M1 pro-inflammatory microglia phenotype to the M2
anti-inflammatory microglia state, thus protecting neurons
and promoting functional recovery in a mouse model of
TBI. The results demonstrated that TNA treatment led to
a better neurological functional recovery by increasing M2
microglia. The findings of this study further proved that the
ERp antagonist abolished TNA-promoted M2 polarization.
At last, we proved that TNA treatment upregulated 1L-10
expression which contributed to the effect of TNA on
microglial M2 polarization. Together, these studies demon-
strated that TNA promoted microglial M2 polarization via
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ERP/IL-10 pathway. The results presented here provide new
insights into the role of TNA for treating TBI.

In CNS microglia and astrocytes are two types of resident
glial cells that communicating each other under homeostatic
conditions and under affecting by pathology.>® It has been
reported that microglia in CNS do not express ERa.”® The
effect of TNA on microglial M2 polarization abolished by
ICI, an estrogen receptors antagonist, is via blocking ERp
instead of via ERa.

TBI causes high rates of disability and mortality and is
responsible for a major public health burden.** In order to
explore the underlying pathogenesis and evaluate potential
therapies several TBI models, including CCI, weight-drop

LPS+SIRNA LPS+Ctr
SiRNA

m LPS+TNA+SIiRNA
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3 _,T
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Figure 6 TNA treatment upregulated IL-10, not IL-4 and IL-13 in vitro. (A) TNA treatment significantly increased IL-10 mRNA level than that in LPS group. No significant
changes of IL-4 and IL-13 were found. (B) Western blots for IL-4, IL-10, IL-13 and B-actin. TNA treatment upregulated IL-10 protein about 2.3 folds than that in LPS group.

IL-4 and IL-13 were not significantly changed (**P<0.01).
Abbreviation: TNA, tanshinone IIA.
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injury, fluid percussion injury, blast brain injury, and penetrat-
ing brain injury, have been used in mice.>>>* In our study, CCI
brain injury model was used due to its ease of operation and
high accuracy compared with that of other models. We con-
firmed our CCI model was success with mNSS, loss of neurons
and activated microglia. In this study Nissl staining, a relatively
simple technique for staining the neurons, was used to identify
neurons. The number of stained neurons was significantly less
in the NS-treated mice than that in intact mice (Sham group).

Microglia, the resident macrophages in the brain,
respond to external injury by shifting phenotypes and
related functions. M1 microglia represent the classical acti-
vation with expression of iNOS, IL-18 and TNFa which
contribute to the surrounding neuronal damage. M2 micro-
glia represent alternative activation with expression of argi-
nase 1, CD206, Ym1, Fizz1 39 Following TBI M1 microglia
is rapidly induced and maintained at the site of the injury,
whereas M2 microglia is transiently expressed after
injury.***! Based on the functional plasticity of microglia,
the treatment of CNS injury through promoting a shift from
the M1 to M2 phenotype has been shown promising.*' The
present study indicated that TNA inhibited M1 microglia
activation-mediated neuroinflammation by downregulating
iNOS, IL-1p and TNFa and promoted M2 microglia by
upregulating arginase 1, CD206, Ym1. These results were
partially consistent with the previous studies that TNA
attenuated traumatic injury of the spinal cord by decreasing
the production of pro-inflammatory cytokines (TNF-a, IL-1
B, and IL-6) and iNOS in rats.?

IL-4, IL-10 and IL-13 are able to induce microglial M2
polarization.** BV-2 cells were introduced to investigate
which interleukin(s) is/are contributing to the effect of TNA-
induced microglial M2 polarization. Further analysis of cas-
cade signaling events underlying TNA-mediated microglial
M2 polarization demonstrated that the upregulated IL-10 by
TNA was responsible for effect of TNA on microglial M2
polarization. IL-10 knockdown abolished TNA-induced
microglial M2 polarization further confirmed the result. In
this study IL-4 and IL-13 were not found to contribute to the
microglial M2 polarization. These data suggested that TNA-
mediated microglial M2 polarization was dependent on the
activation of ERB/IL-10 signaling.

In summary, this study demonstrated that TNA adminis-
tration switched the microglial polarization toward M2 state
via activating ERB/IL-10 signaling activation, which was
accompanied by the reduced neuronal loss and decreased
neuroinflammatory response. The current results supported

the potential pharmaceutical application of TNA in TBI and
other neuroinflammatory-related neurological disorders.

Conclusion

This study illustrates that TNA promoted microglial polar-
ization toward the M2 phenotype through activating ER/
IL-10 signaling. These findings provide new evidence that
TNA might be considered as a potent agent for the treat-
ment of TBI and neuroinflammatory disorders.
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