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In this study, C57BL/6 mice were used to construct an animal model of cerebral hemorrhage to investigate 
the effect of M2 polarization of microglia on inflammation injury of cerebral hemorrhage. Regulatory 
T cells were sorted by immunomagnetic beads, while Western Blot was used to detect the expression of 
phosphorylation signal transduction and transcription activator 3, T-signal transduction and transcription 
activator 3, transforming growth factor-β and β-actin in each group. Enzyme linked immunosorbent assay 
was used to detect the level of specific antibodies to explore the correlation between M2 polarization of 
microglia and inflammation injury. Results showed that the expression of an M2 microglia marker chitinase 
3-like 3 and M1-related cytokines, interleukin-6 and tumor necrosis factor α were increased significantly 
in the regulatory T cell -treated group, along with significantly decreased expressions of an M1 marker 
and M2-related cytokines, interleukin-10 and transforming growth factor-β. It was hypothesized that 
regulatory T cells could regulate M2 polarization of microglia through interleukin-10/signal transduction 
and transcription activator 3 signaling pathway. In addition, the expression of M2 microglia markers 
Arg1 and Ym1 increased in the regulatory T cell-treated group, along with decreased expressions of 
M1 microglia markers, chemokine (C-C motif) ligand 3 and inducible nitric oxide synthase. It was also 
confirmed that regulatory T cells could induce the M2 polarization of microglia. 

Key words: Inflammation of cerebral haemorrhage, Treg cells, microglia, M2, enzyme-linked 
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With high morbidity and mortality, spontaneous 
cerebral haemorrhage accounts for 10-15 % of all cases 
of stroke[1]. Since hypertension and cerebrovascular 
diseases are high risk factors for cerebral haemorrhage 
(CH), intracranial surgery is usually accompanied by 
CH[2]. The disability rate of patients with CH is always 
high due to the lack of effective treatment to reduce 
the neurological damage caused by CH and secondary 
brain injury. At present, functional damage to the brain 
caused by CH has become a research hotspot.

There are two stages of nerve injury during CH. 
In the first stage of nerve injury caused by primary 
hemorrhage, brain tissues are destroyed while 
peripheral nerve tissues are compressed by blood clots, 
leading to a primary injury usually shown as physical 
injury. This stage often occurs before hospitalization 
and hence the possibility of intervention is low. In 
the second stage, the local pressure of peripheral 
nerve tissues is increased by hematoma compression 

to reduce the effective blood perfusion in the injured 
region. At the same time, the decomposition products 
of blood clots exert a cytotoxic effect on adjacent nerve 
tissues. This stage is mainly featured by a series of 
chemical and immunological reactions, and is termed as 
secondary brain injury[3]. Therefore, after intracerebral 
haemorrhage, inflammation plays an important role 
in brain tissue damage. As small rod-like cells with 
several withered protrusions, a rough surface, spines 
and a few branches, microglia are the only type of 
cells derived from the mesoderm in the nerve system[4] 
and are less distributed in the central nervous system. 
In the gray matter, most of microglia are located near 
the body of neuron cells or around small blood vessels, 
although microglia can also be seen in the white matter. 
It has been shown that as a main regulatory mediator 
affecting the inflammatory response after haemorrhage, 
microglia play an increasingly prominent role in the 
immune defense system of the central nervous system[5]. 
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Microglia have two subtypes, M1 and M2 microglia. 
M1 polarization of microglia promotes inflammation 
and kills microorganisms, while M2 polarization of 
microglia inhibits inflammation and participates in 
tissue repair and reconstruction[6,7].

In summary, a large number of studies have suggested 
that different diseases or different stages of the same 
disease could induce the polarization of microglia 
leading to different consequences. Therefore, the 
mechanism underlying the M2 polarization of microglia 
was studied here using mice as the research object, so 
as to verify the effects of M2 polarization of microglia 
on injury induced by CH.

MATERIALS AND METHODS

SPF grade adult male C57BL/6 mice (100, 6-9 w 
old, 20-25g) were purchased from the Nanjing Junke 
Bioengineering, China. The animal disposal and 
experimental procedures conformed to the National 
Laboratory Animal standards. All animal experimental 
protocols were approved by the Ethics Committee of 
Tongde Hospital of Zhejiang.

Preparation of a CH model:

C57BL/6 mice were anaesthetized with 4 mg/kg chloral 
hydrate (Kelong Chemical Reagents, China) and fixed 
to a stereotactic apparatus. After iodophor disinfection, 
a median incision of about 0.5 cm in length was made. 
The surface fascia of exposed bone was separated by a 
pair of tweezers to expose the cranial bone and suture. A 
small hole was drilled at 0.8 mm in front of and 2.5 mm 
on the right side of the anterior fontanel door to serve as 
the needling point. An uncoagulated autologous blood 
sample of 20 µl was collected from the tail vein using a 
20 µl microsampler (Eppendorf, Germany) fixed to the 
stereotactic instrument (Thermo Scientific, USA).

A needle was inserted slowly into the needle point to a 
depth of about 3.5 mm, so that the syringe content was 
injected slowly into the basal ganglia at a rate of 1 µl/min. 
After the injection, the needle was slowly withdrawn 
using 10-min intervals, with 2 mm of needle withdrawn 
in each interval. Bone wax was used to close the hole 
before the skin was sutured. After the mice gained full 
consciousness, they were put back into the cages. The 
mice in the sham operation group were subjected to the 
same procedure using saline for injection. At 24 h after 
operation, regulatory T cells (Tregs) were sorted by a 
CD4+CD25+T cell immunomagnetic beads sorting 
kit (Meitanju, Germany) and then injected into the tail 
vein of each mouse in a volume of 0.2 ml (about 1×106 

cells). At the same time, 0.2 ml saline was injected into 
each mouse in the control group.

Preparation of a spleen single cell suspension:

Anesthetized mice were fixed on a foam board using 
the same method described above. After disinfection, 
the abdominal cavity was opened using a pair of 
ophthalmic scissors to remove the liver. Then, the 
spleen was removed using a pair of mosquito forceps 
and placed on a piece of filter mesh (230 mesh) before 
the spleen was cut into small pieces and ground filtered 
through the filter mesh. After homogenization, the 
cell concentration in the homogenate was adjusted to  
>107 cells/ml and the suspension was stored for future 
use.

Treg cell sorting by immunomagnetic beads:

The single cell suspension of mouse spleen was 
centrifuged in an Eppendorf centrifuge (Germany) for 
10 min at 300 g. The supernatant was discarded and 
the pellet was re-suspended with 40 µl of buffer and 
then mixed with 10 µl of biotin-antibody cocktail. 
The suspension was incubated in a 4° refrigerator for 
10 min and then mixed with 30 µl of buffer, 10 µl of 
CD25-PE antibody and 20 µl of antibiotic micro beads. 
After mixing, the suspension was incubated at 4° for  
15 min and then sorted using a MACS separator 
according to the protocol of the manufacturer. The 
number of lymphocytes used in the magnetic bead 
sorting was 107.

Treg co-culture with microglia using Transwell:

BV2 cells were placed in the lower chamber of a six-well 
Transwell plate (BD Biosciences, USA) and stimulated 
for 6 h by LPS/IL-4 (10 ng/ml). After discarding the 
supernatant, the cells were washed 3 times with preheated 
PBS and supplemented with a DMEM medium. Then, 
the Treg cells isolated by immunomagnetic beads 
were placed in the upper chamber of the Transwell 
plate while the lower chamber of the Transwell was 
completely submerged in the medium. After 72 h, the 
upper chamber of the Transwell plate was removed and 
the cells were collected for subsequent experiments.

Cell lysis and protein extraction:

The 6-well Transwell plate was washed 3 times with 
ice-cold PBS after the culture medium was discarded. 
RIPA pyrolysate (Biyuntian Biotechnology, China), 
PMSF and phosphatase inhibitors were mixed in a 
volume ratio of 100:1:1 and 50 µl pyrolysate/well 
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were added to the plate, which was then incubated on 
ice for 5 min before the pyrolytic cells were scraped 
off and transferred to a 1.5 ml EP tube. The cells were 
further lysed using an ultrasound breaker for 50 s. 
Then, the lysate was centrifuged at 4° for 15 min at  
12 000 g. Ten microlitres of the supernatant was 
aliquoted to each tube before a bicinchonic acid (BCA)
protein assay (2 replicates) was carried out to determine 
protein concentrations.

Determination of protein concentrations using BCA 
assay:

Preparation of the protein standard, 20 mg BSA was 
completely dissolved in 0.8 ml protein standard 
formulation solution and made into a 25 mg/ml 
protein standard mother liquor. Then, the solution was 
preserved at -20° in dark. On the day of experiment, 
the standard mother liquor was diluted to a 0.5 mg/ml 
standard solution with PBS (Doctor De Engineering, 
China). BCA working solution was prepared by mixing 
reagent A and reagent B in a ratio of 50:1 (v:v). In a 
96-well plate, 0, 1, 2, 4, 8, 12, 16, 20 µl of standard 
protein were added followed by the addition of PBS to 
a final volume of 20 µl. Their corresponding standard 
concentrations were 0, 0.025, 0.05, 0.1, 0.2, 0.3, 0.4 and 
0.5 mg/ml, respectively. The plate was incubated at 37° 
for 30 min after adding 200 µl/well of the BSA working 
solution. The absorbance at A562 was determined in 
a plate reader. The standard curve was drawn and the 
protein concentration was calculated according to the 
absorbance value of the samples.

Detection of target protein expressions by Western 
blotting:

The preparation of a SDS-PAGE separating gel and a 
concentrating gel, The molecular weight range of the 
protein was 15-110 kD, and the concentration range of 
separating gel was 6-12 %, 11 and 4 % concentrating gels 
were selected for protein detection. The formulations of 
the two gels are shown in Table 1[8].

SDS-PAGE gel was made ready by first preparing the 
separation gel followed by blocking with anhydrous 
alcohol and keeping at room temperature for  
30-40 min. After discarding absolute ethanol, combs 
were inserted and the gel was incubated overnight at 
4°. According to the concentration of the target protein, 
the volume of the sample was adjusted to ensure the 
same amount of protein in each well. Three to five pre-
stained markers were added to both sides of each well 

to facilitate protein localization. Electrophoresis was 
done at 80 V constant voltage to allow the bromophenol 
blue indicator to reach the bottom of the separation gel 
transfer membrane. Then, the gel was cut according 
to the range of the target strip. A PVDF film of the 
same size (Bio-Rad, USA) was prepared, immersed in 
methanol and transmembrane buffer. Then, the protein 
bands on the gel were blotted to the PVDF film under 
200 V for 2 h. The PVDF membrane was blocked in 
5 % skimmed milk powder (or 5 % BSA) at room 
temperature for 2 h. The PVDF membrane was rinsed 
with TBST and incubated overnight with corresponding 
primary antibodies (Biyun Tian Biological, China) at 
4°. After washing 3 times with TBST for 5 min each 
time, the PVDF membrane was incubated overnight 
with corresponding secondary antibodies (1:5000) 
at room temperature for 1 h and washed with TBST  
3 times (5 min each), the PVDF membrane was 
incubated with ECL reagents (Bio-Rad, USA) and 
analyzed semi-quantitatively using Imagelab software. 
The relative gray value of each target protein was 
calculated using β-tubulin or β-actin as reference.

Real-time PCR:

The sequence of chemokine (C-C motif) 
ligand 3 (CCL3) primers were F terminal 
ATGCAAGTTCAGCTGCCTGC, R terminal 
ATGCCGTGGATGAACTGAGG. The 
sequence of iNOS primers were F terminal 
AATGGCAACATCAGGTCGGCCATCACT, R 
terminal GCTGTGTGTCACAGAAGTCTCGAACTC. 
The sequence of Arg1 primers were F terminal 
GAACACGGCAGTGGCTTTAAC, R terminal 
TGCTTAGTTCTGTCTGCTTTGC. The 
sequence of Ym1 primers were F terminal 
AGAAGGGAGTTTCAAACCTGGT, R terminal 
GTCTTGCTCATGTGTGTAAGTGA. The 
sequence of GAPDH primers were F terminal 
CACCCACTCCTCCACCTTTG, R terminal 
CCACCACCCTGTTGCTGTAG.

11 % separating 
gel 24 ml 4 % concentrating 

gel 12 ml

DW 8.72 ml DW 7.248 ml
3M Tris-HCl pH 
8.8 6 ml 3 M Tris-HCl pH 

8.8 3 ml

30 % Arc 8.8 ml 30 % Arc 1.56 ml
10 % SDS 0.48 ml 10 % SDS 0.12 ml
10 % APS 0.24 ml 10 % APS 0.06 ml
TEMED 20 μl TEMED 12 μl

TABLE 1: PREPARATION OF SDS-PAGE 
SEPARATING GEL AND CONCENTRATING GEL



www.ijpsonline.com

Special Issue 6, 2020Indian Journal of Pharmaceutical Sciences4

Enzyme-linked immunosorbent assay:

Brain tissue was homogenized in a homogenizer and 
then transferred into centrifugal tubes, and centrifuged 
for 10 min at 12 000 g. The blank control well, 
standard well and sample well to be tested were set 
respectively. The blank control well was only added 
with chromogenic agent A, chromogenic agent B and 
the termination solution. The standard well was added 
with 50 µl of standard samples in order. The plate 
was sealed and mixed gently, incubated at 37° for  
60 min. Then, the plate was washed before 200 µl/well 
of detergents were added and the process was repeated 
5 times. After the plate was washed again, 100 µl/
well of diluted antibodies (1:100) were added into the 
96-well plate and incubated at 37° for 60 min. After 
washing 5 times, 100 µl/well HRP-coupled secondary 
antibodies (1:1000) were added into the standard wells 
and the sample wells. After the plate was mixed gently, 
it was incubated at 37° for 60 min. After washing  
5 times, 50 µl/well of colour developers A and B were 
added in order. After the plate was mixed gently, it was 
incubated at 37° for 10 min away from light. Then,  
100 µl/well of TMB substrate was added into to the 
plate, which was incubated at 37° for 10 min. Finally, 
100 µl/well of termination solution was added to the 
plate and the OD value of each well was determined at 
a 450 nm wavelength using an Eppendorf instrument. 
The concentration of cell supernatant in each group was 
calculated according to its OD value. Each experiment 
was repeated at least 3 times.

Statistical analysis:

SPSS17.0 statistical software was used to test the 
normality and homogeneity of variance. The data were 
expressed as mean±SD. Independent sample t-test was 
used to compare the 2 groups. The test level was α=0.05.

After intraperitoneal anaesthesia with 5% chloral 
hydrate, thoracic cavity of the mice was opened 
rapidly to expose the heart, the pericardium and 
surrounding soft tissues were separated bluntly with 
vascular forceps in order to fully expose the heart. 
Left-handed tweezers were used to cautiously clamp 
the heart, while a right-handed indwelling needle was 
slowly inserted into the left ventricle via the apex of 
the heart and slowly withdrawn from the core. After 
puncturing the left atrium, the right auricle was quickly 
perfused with cold buffer. After perfusion, the skull of 
each mouse was immediately opened to remove brain 
tissues, including the olfactory bulb, cerebellum and 
brain stem. The cerebral hemisphere was then placed 
in 1 ml of Trizol and homogenized repeatedly using 
a homogenizer until no obvious cell chunks could be 
observed. The homogenate was collected into 1.5 m EP 
tubes and mixed with 1/5 (v/v) chloroform. Then, the 
homogenate was fully emulsified by 15 s of vortexing.

After being centrifuged at 12 000 g and 4° for  
15 min, the homogenate in the EP tubes was divided 
into an upper layer of colourless supernatant (containing 
RNA), a middle layer of protein and a lower layer 
of organic phase. The colourless supernatant was 
carefully transferred to a new RNAse-free (Abbkine, 
USA) EP tube and mixed with an equal volume of 
anhydrous ethanol. After through mixing, the mixture 
was incubated for 10 min at 4° and then centrifuged for 
10 min at 12 000 g. After the supernatant was carefully 
discarded, 1 ml of 75 % ethanol was slowly added in 
the EP tube along the wall. After being fully mixed, the 
mixture was centrifuged for 5 min at 4° and 7500 g. 
After the pellet was dried at room temperature for 5 min, 
25 µl DEPC was added to dissolve and precipitate total 
RNA. After discarding the culture medium, the cells 
were washed twice with precooled PBS and lysed with 
Trizol according to the protocol of the manufacturer. 
Subsequently, total RNA was extracted from the lysate 
using the same procedure as described above.

Reverse transcription of RNA into cDNA was achieved 
by preparing a 20 µl system for reverse transcription 
according to Table 2A. Reverse transcription program 
in a polymerase chain reaction instrument (Bio-Rad, 
USA), 42° for 30 min, 4° for 10 min, cooled on ice. 
The obtained cDNA was directly used for subsequent 
PCR or stored at - 80° for later use. The real-time PCR 
system used is shown in Table 2B. The procedure of 
quantitative PCR was pre-denaturation at 95° for 
30 s, denaturation at 95° for 5 sec and 40 cycles of 
denaturation and annealing at 60° for 30 s.

Component Volume

A

Total RNA 2 µg
5×first-strand Buffer 4 µl

M-Mu LV reverse transcriptase (200 U/μl) 1 µl
Oligo dT primer (50 μM) 1 µl

dNTP mixture (10 mM each) 1 µl
RNase inhibitor (40 U/μl) 1 µl

RNase-free dH2O up to 20 µl

B

2×Super SYBR premixture 5 µl
PCR forward primer (10 µM) 0.2 µl
PCR reverse primer(10 µM) 0.2 µl

cDNA 1 µl
RNase-free dH2O up to 10 µl

TABLE 2: REACTION SYSTEMS 

A: Reverse transcription; B: real-time PCR
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hemorrhage (fig. 1B). As can be seen, the expression 
of STAT3 in the co-culture group increased after BV2 
stimulation and the expression of STAT3 in the co-
culture group pre-stimulated by lipopolysaccharide 
(LPS)/interleukin-4 (IL-4) was significantly higher than 
that in the LPS/IL-4 stimulated BV2 group (fig. 1C). 
The expression of TGF-β in the co-culture group pre-
stimulated by LPS/IL-4 was also significantly higher 
than that in other groups (fig. 1D).

RESULTS AND DISCUSSION

As shown in fig. 1, R2 was 0.9991 in the standard curve 
of protein concentrations determined by the BCA assay 
(fig. 1A). Western blots results showed the trend of 
phosphorylation signal transduction and transcription 
activator 3 (p-STAT3), t-signal transduction and 
transcription activator 3 (t-STAT3), transforming growth 
factor-β (TGF-β) and β-actin protein expressions in the 
peri hematoma tissues of 6 groups after intracerebral 

1 2 3 4 5 6
P-STAT3
t-STAT3
TGF-β
β-actin

B

C

A

D

FE  
Fig. 1: Tregs regulated microglial polarization through IL-10/STAT3 signaling pathway 
1. BV2 culture group, 2. BV2 and Tregs co-culture group, 3. LPS/IL-4-stimulated BV2 group, 4. LPS/IL-4 pre-stimulated co-
culture group of BV2 and Tregs, 5. LPS/IL-4-stimulated BV2 culture group treated with IL-10 antibody, 6. LPS/IL-4-stimulated 
co-culture group of BV2 and Tregs treated with IL-10 antibody. A. Standard curve of BCA assay, B. Western blot detection of 
t-STAT3, p-STAT3, p-STAT3, TGF-β and β-actin, C. semi-quantitative analysis of p-STAT3/t-STAT3, D. semi-quantitative analysis 
of TGF-β, E. relative expression of Arglgl mRNA, F. relative expression of YmL mRNA. *P<0.05, compared with BV2 culture 
group; #p<0.05 compared with BV2 and BV2/Tregs co-culture groups, &p<0.05, compared with LPS/IL-4-stimulated BV2 group, 
^p<0.05, compared with LPS/IL-4-stimulated BV2 group, +p<0.05, compared with LPS/LL-4 pre-stimulated BV2 and Tregs co-
culture group
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Meanwhile, the expression of M2-related genes, Arg1 
and Ym1, as well as TGF-β was increased in the BV2 
group stimulated by LPS/IL-4 and in the co-culture 
group pre-stimulated by LPS/IL-4, but their expression 
in the co-culture group stimulated by LPS/IL-4 
was significantly higher than that in the BV2 group 
stimulated by LPS/IL-4 (figs. 1E and 1F). Tregs could 
induce the M2 polarization of microglia by increasing 
the expression of phosphorylated STAT3. In order to 
further confirm that Treg cells activated STAT3 via 
the IL-10 pathway to induce the M2 polarization of 
microglia, an IL-10 antibody was used to neutralize IL-
10. It was found that the inhibition of IL-10 expression 
significantly decreased the expression of STAT3 in 
microglia. When IL-10 was neutralized, the expression 
of microglia-related genes (Arg1 and Ym1) in M2 
microglia also decreased significantly and the effect of 
Tregs was reversed. These results suggested that Tregs 
could regulate the M2 polarization of microglia through 
IL-10/STAT3 signaling pathway.

Fig. 2 showed the detection of inflammatory factors 
in the surrounding tissues of hematoma by ELISA. 
IL-6 and TNF-α were used as M1 markers, while IL-
10 and TGF-β were used as M2 markers, respectively. 
Compared to the control group, the levels of IL-10 
and TGF-β in the Tregs treatment group increased 
significantly, along with decreased levels of IL-6 and 
TNF-a (figs. 2A and B). In addition, the expression 
of M2 microglia markers Arg1 and Ym1 in the Tregs 
treatment group increased, along with decreased 
expressions of M1 microglia markers CCL3 and iNOS 
(figs. 2C and D).

Fig. 3 showed that it was difficult to distinguish 
microglia from macrophages by cell surface markers 
in animal experiments, so it was difficult to determine 
whether Tregs cells induce the M2 polarization of 
microglia or peripheral infiltrating macrophages. At the 
same time, because of the complexity of cells in brain 
tissues, many factors may affect each other. Therefore, 
a cell experiment was designed to analyse the effects of 
Tregs on microglia by the co-culture of microglia BV2 

A B

C D
Fig. 2: Tregs induced the M2 polarization of microglia/macrophages in brain tissues around hematoma
A. M1-related markers IL-6 and TNF-α detected by ELISA, (■) IL-6, (■) TNF-α; B. M2-related markers IL-10 and TGF-β detected 
by ELISA, (■) IL-10 (■) TGF-β; C. M1-related markers CCL3 and iNOS detected by PCR, (■) CCL3, (■) iNOs; D. M2-related 
markers Arg1 and Ym1 detected by PCR in peri hematoma tissues, (■) Arg1, (■) Ym1. *P<0.05 compared to sham-operated group, 
#p<0.05 compared to control group (n=3). 
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cells and Tregs. After 72 h of co-culture of Tregs with 
activated microglia, the expression of M1-related genes, 
IL-6, TNF-α (fig. 3A), CCL3 and iNOS (fig. 4), was 
significantly increased (P < 0.05), while the expression 
of M2-related genes, i.e., IL-10, TGF-β (fig. 3B), 
Arg1 and Ym1 (fig. 3D), was significantly decreased 
(p<0.05). A cell culture model further confirmed that 
Tregs could induce the M2 polarization of microglia.

Treg cells play an immunoregulatory role by secreting 
IL-10[9], a multipotent immunoregulatory factor 
playing an important role in inflammatory and immune 
responses. IL-10 plays its regulatory role by activating 
STAT3, which in turn could induce M2 polarization of 
microglia[10]. In this study, it can be concluded that the 
pre-stimulation of a co-culture of BV2 and Tregs with 
LPS/IL-4 increases the protein expression of STAT3. 
In addition, the co-culture of BV2 and Tregs pre-
stimulated with LPS/IL-4 showed a significantly higher 
expression level of STAT3 than LPS/IL-4-stimulated 
BV2 cells alone. Furthermore, the co-culture of BV2 
and Tregs pre-stimulated with LPS/IL-4 showed a 
significantly higher expression level of TGF-beta than 
other groups.

The M2 polarization of microglia is induced by the 
activation of STAT3 in Tregs treated by IL-10. When an 
IL-10 antibody was used to neutralize IL-10, it was found 
that the inhibition of IL-10 expression significantly 
decreased the expression of STAT3 in microglia. When 
IL-10 was neutralized, the expression of microglia-
related genes (Arg1 and Ym1) in M2 microglia also 
decreased significantly, and the effect of Tregs was 
reversed. Therefore, due to the high expression of IL-
10 in the microenvironment, Treg cells can induce the 
M2 polarization of microglia through IL-10/STAT3 
signalling pathway. As the constituent cells of brain 
tissues, microglia are generally considered to affect 
the special morphology of macrophages in the brain 
tissues[11]. Microglia and macrophages are both derived 
from primordial bone marrow progenitor cells, so it is 
impossible to distinguish microglia from macrophages 
by immunohistochemistry assays. Therefore, microglia/
macrophages have been used together in many studies 
to elucidate the role of microglia[12]. After brain injury, 
activated microglia express 2 subtypes of markers 
at the same time and the levels of these markers are 
in dynamic change to affect the prognosis of brain 

A B

C D
Fig. 3: Tregs induced M2 polarization in LPS/IL4-activated BV2 microglia
1. BV2 group, 2. BV2 and Tregs co-culture group, 3. LPS/IL-4-stimulated BV2 group, 4. LPS/IL-4 pre-stimulated BV2 and Tregs 
co-culture group, A. M1-related cytokines IL-6 and TNF-α detected by ELISA, (■) IL-6, (■) TNF-α, B. M2-related cytokines IL-10 
and TGF-β detected by ELISA, (■) IL-10 (■) TGF-β, C. M1-related cytokines CCL3 and iNOS detected by PCR, (■) CCL3, (■) 
iNOs, D. M2-related cytokines Arg1 and Ym1 detected by PCR, (■) Arg1, (■) ym1. *P<0.05 and BV2 group. #p<0.05, compared to 
LPS/IL-4-stimulated BV2 group
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injury[13,14]. Microglia undergoing M1 polarization are 
the main source of TNF-α and IL-β. In the early stage 
of CH, high levels of inflammatory response mediated 
by M1 microglia can exert a protective effect[15]. In 
the middle and late stages of haemorrhage, the levels 
of M2 microglia/macrophages are increased to elevate 
the levels of protective antiinflammatory cytokines, 
such as IL-10 and TGF-β and to reduce the degree 
of inflammation. Through enhanced phagocytosis, 
necrotic tissues and various inflammatory factors 
are removed to promote tissue repair[16]. The results 
of this study showed that Treg cells can alleviate the 
inflammation damage to brain tissues caused by cerebral 
hemorrhage. It can also be inferred that Treg cells can 
alleviate neuroinflammation by directly inducing the 
M2 polarization of microglia after cerebral hemorrhage.

In conclusion, the results of this study showed that Tregs 
can regulate the M2 polarization of microglia through 
IL-10/STAT3 signalling pathway. The expression of 
markers for M2 microglia, such as Arg1 and Ym1, 
increased in the Tregs treatment group, along with 
decreased expressions of markers for M1 microglia, 
such as CCL3 and iNOS. In addition, this study 
confirmed that Tregs can induce the M2 polarization of 
microglia.
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