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Abstract

Background
Intracerebral hemorrhage (ICH) is a devastating neurological disease with high mortality and morbidity.
The microglia activation and peripheral in�ammatory cells in�ltration play an important role in the ICH
prognosis. Previous studies have demonstrated that regulatory T cells (Tregs) ameliorated
neuroin�ammation following experimental ICH. However, the speci�c molecular mechanism underlying
such effects of Tregs remains unclear. In the present study, our aims were to examine the effect of Tregs
recruitment induced by recombinant CC chemokine ligand 17(rCCL17) in an intrastriatal autologous
blood mouse model of ICH and to determine whether the TGF-β/TGF-βR/Smad2/3 pathway was involved
in Tregs promoted M2 microglia/macrophage polarization.

Methods
A total of 404 adult CD1 mice (male, eight-week-old) were subject to sham surgery or autologous blood
injection of ICH. A CD25-speci�c mouse antibody or isotype control mAb was injected intraperitoneally
48h prior to ICH induction to deplete Tregs. Recombinant CCL17 (rCCL17), a C-C chemokine receptor 4
(CCR4), was delivered intranasally at 1 h post-ICH. SB431542, a speci�c inhibitor of TGF-β was
administered intraperitoneally 1 h before ICH induction. Post-ICH assessments included neuro-behavior
evaluation, brain edema, hematoma volume, hemoglobin content, western blotting, double
immuno�uorescence staining and immunohistochemistry.

Results
Endogenous brain expressions of CCL17 and Tregs marker Foxp3 as well as the number of Tregs in the
perihematomal region were increased following ICH. The Tregs deletion by a CD25 antibody aggravated
short-term neurological de�cits and brain edema, increased the level of in�ammatory cytokines and
peripheral in�ammatory cells in�ltration, exacerbated hematoma expansion and increased
M1phenotypes of microglia/macrophage in ICH mice. The rCCL17 treatment increased the number of
Tregs in the brain, reduced hematoma expansion and brain edema, promoted microglia/macrophage
polarization toward M2 phenotypes. Moreover, the expressions of brain TGF-β/phosphorylated-Smad2/3
were increased. The neuroprotective effects of rCCL17 were abolished by co-administration of the
selective TGF-β inhibitor SB431542.

Conclusions
Our study demonstrated rCCL17 recruited of Tregs to brain in the autologous blood injection model of
ICH. Tregs promoted microglia/macrophages polarization toward M2 phenotype and alleviation early
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brain injury, at least in part, through the TGFβ/TGFβR/Smad2/3 signaling pathway in ICH mice. Thus,
rCCL17-mediated Tregs recruitment may provide a promising therapeutic strategy to reduce early brain
injury after ICH.

Background
Spontaneous intracerebral hemorrhage (ICH) is a devastating cerebrovascular disease with high mortality
and morbidity 1–3. Accounting for 10–15% of stroke, the incidence of ICH shows a trend of increase with
the growing elderly population in the worldwide 4–6. Although there are many management options for
ICH currently, there are no effective therapies to improve the prognosis of ICH patients. Microglia, the
brain resident macrophage, has been proved to have a dual role following ICH. While M1 (classically)
phenotype of microglia is pro-in�ammatory, the M2 (alternatively) phenotype helps tissues repair through
phagocytosis 7,8. The M1 polarization microglia secretion of pro-in�ammatory cytokines and hematoma-
induced secondary neuroin�ammation are considered as the critical factors participated in the
pathogenesis of early brain injury after ICH 9,10. Therefore, new treatments that facilitate M2 microglia
polarization and in�ammation suppression remain the interest of research in the setting of ICH.

Fork head box P3-expressing (Foxp3) regulatory T cells (Tregs), belonging to the family of CD4+T cells,
play a critical role in regulating immune homeostasis by suppressing the immune system activation and
in�ammation 11. Previous studies have demonstrated the neuroprotective role of Tregs in traumatic brain
injury and cerebral ischemia 12–14. In an animal model of ICH, Zhou and his colleagues showed that
Tregs ameliorated neuroin�ammation and promoted M2 microglia phenotypic transformation following
ICH 15. Therefore, Tregs becomes a promising therapeutic candidate for ICH speci�cally through its
capability to suppress in�ammatory cell in�ltration and execute comprehensive therapeutic missions
after migrating to peri-hematoma brain tissue 16,17.

ExogenousTregs infusion approach requires a long preparation time due to the complex extraction
procedures in vitro and the number of Tregs extracted is limited. In addition, it is usually relied on local
cell proximity or even directly cell-cell interactions for Tregs to perform its immune-suppressive function.
Thus, it would be ideal to upregulate the endogenous Tregs migration and activation. C-C chemokine
ligand 17 (CCL17), binding to its cognate CC chemokine receptor 4 (CCR4), play a critical role in
orchestrating Tregs migration in vivo 18. However, little is known about the effect of recombinant CCL17
(rCCL17) on the recruitment of Tregs after ICH. The aim of this study was to evaluate the rCCL17-
mediated Tregs recruitment and its protective effects in mouse model of ICH. We further determined that
the Tregs promoted M2 microglia/macrophage polarization via TGFβ/TGFβR/Smad2/3 pathway in ICH
mice.

Materials And Methods
Animals and ICH Model
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Adult male CD1 (8-week-old, 30-40 g, Charles River Laboratory, Wilmington, MA,USA) were used. Mice
were housed in a room light of a 12-hour light/dark cycle and the temperature and humidity was
controlled. All mice were free to access to water and food. ICH model was performed by striatal
autologous blood injection as previously described 18.

Experimental Design

The following �ve separate experiments were performed. 

Mice were randomized to experimental groups using a unique code linking to software-generated random
numbers with 18.0 SPSS version. Investigators who conducted ICH surgeries and neurobehavioral tests
were blinded to treatment assignments until the completion of data analysis.

Experiment 1

To examine the endogenous expressions of CCL17, Tregs marker Foxp3 and transforming growth factor-
beta (TGF-β) after ICH, a total of 42 mice were randomly divided into 7 groups (n=6/group): sham, ICH-6h,
ICH-12h, ICH-24h, ICH-72h,ICH-5d and ICH-7d for western blot. Additional 8 mice were used for
immuno�uorescence (IF) staining to localize Foxp3 in sham, ICH-24 h, ICH-72 h and ICH-7 d groups
(n=2/group).

Experiment 2 

To study the neuroprotective effect of endogenous Tregs following ICH, CD25-speci�c mAb was used to
deplete Tregs at 48 h before ICH induction. Isotype control antibodies were used as control. This
experiment was divided into two parts. The �rst part was to determine the e�cacy of CD25-speci�c mAb
on Tregs depletion after ICH. A total of 40 mice were randomly divided into 4 groups (n=10/group): sham
+ isotype control, sham + CD25-speci�c mAb, ICH + isotype control, ICH + CD25-speci�c mAb.
Immuno�uorescence (IF) staining and western blot were performed at 72 h post-ICH. The second part
was to explore the protective effects of Tregs against ICH. 136 mice were randomly divided into the same
4 groups (n=34/group): sham + isotype control, sham + CD25-speci�c mAb, ICH + isotype control, ICH +
CD25-speci�c mAb. Short-term neurobehavioral assessment (Corner Turn, Modi�ed Garcia and Forelimb
Placement Tests), hematoma volume and hemoglobin content were evaluated at 24 h, 72 h and 7 d
following ICH. Brain water content was evaluated at 72 h post-ICH and immumohistochemical staining
and western blot were used for assessing neuroin�ammation at 72 h post-ICH.

Experiment 3

To determine the neuroprotective effect of rCCL17 was via upregulating peripheral Tregs recruitment into
brain following ICH. This experiment was divided into two parts. The �rst part was to determine the effect
of rCCL17 on peripheral Tregs recruitment after ICH. A total of 16 mice were randomly divided into 4
groups (n=4/group): sham + vehicle, sham + rCCL17 (30 μg/kg), ICH + vehicle, ICH + rCCL17 (30 μg/kg).
Immumohistochemical and immuno�uorescence staining were performed at 72 h post-ICH to evaluate
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the number of Tregs in ipsilateral brain hemisphere. Then, the second part was to explore whether
neuroprotective effects of rCCL17 were depended on Tregs recruitment following ICH. A total of 72 mice
were randomly divided into 4 groups (n=18/group): sham + isotype control, sham + CD25-speci�c mAb,
ICH + isotype control, ICH + CD25-speci�c mAb. Neurobehavioral function, hematoma volume and
hemoglobin content, brain water content, western blot were performed at 72 h post-ICH.

Experiment 4

To investigate the effects of Tregs recruitments on microglia/macrophage polarization after ICH, a total
of 40 mice were randomized to 4 groups ((n=10/group)): ICH + isotype control, ICH + CD25-speci�c mAb,
ICH + isotype control + rCCL17 (30 μg/kg), ICH + CD25-speci�c mAb + rCCL17 (30 μg/kg). Western blot
and immuno�uorescence staining were conducted to evaluate the microglia/macrophage polarization at
72 h following ICH.

Experiment 5

To investigate the mechanism of TGFβ/TGFβ1R/Smad2/3 pathway underlying the neuroprotective
effects of Tregs in brain after ICH, a total of 50 mice were divided into 5 groups (n=10/group): sham, ICH
+ vehicle, ICH + rCCL17 (30 μg/kg), ICH + rCCL17 (30 μg/kg) + DMSO, ICH + rCCL17 (30 μg/kg) +
SB431542. Western blot and immuno�uorescence staining were performed at 72 h following ICH.

Drug Administration

At 1 h after ICH, rCCL17 (14013, LSBio, WA) at dose of 30 ug/kg was delivered intranasally (i.n.) as
previously reported 18. SB431542 (ab120163, Abcam, USA) (1 μM solution, 100 μl/animal) was
administrated intraperitoneally (i.p.) 1 h before the ICH induction. A total of 300mg of CD25-speci�c mAb
(10200, biolegend, CA) or isotype control antiboy ((401602, biolegend, CA) was administered
intraventricularly (i.c.v) route 48 h before the ICH induction as previously reported 19.

Short-term Neurobehavioral Assessment

The modi�ed Garcia test with a twenty-one scoring system, corner turn test and the forelimb placement
test (a positive percentage of total of 10 trials) were evaluated at 24 h, 72 h and 7 d after ICH as
previously published from our lab20.

Brain Water Content Measurement

Brain water content was measured using the wet/dry method as previously reported 21. In brief, the brains
were divided into 5 parts: left basal ganglia, left cortex, right basal ganglia, right cortex and cerebellum.
Each part was measured immediately as the wet weight and then measured again as the dry weight after
48 h incubation in 100°C oven. Brain water content was calculated using the following formula: (Wet
Weight−Dry Weight)/Wet Weight*100% to calculate.
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Measurement of Hematoma Volume and Hemoglobin Content

Spectrophotometric measurement of hematoma volume and Drabkin’s reagent measurement of
hemoglobin content were accessed at 24 h, 72 h and 7 d following the ICH induction as previously
reported 19.

Western Blot

Western blot was performed as previously described 22. In brief, mice were perfused with cold PBS by
transcardially. The right ipsilateral hemispheres were immediately harvested and mixed with RIPA.
Supernatants were collected after centrifuged at 14 000g for 30 minutes (4°C). A total of 4 μL protein
samples were loaded onto the SDS-PAGE gel and transferred to a nitrocellulose membrane. The
membranes were incubated with the primary antibodies against CCL17 (1:1000, ab182793, Abcam, USA),
Foxp3 (1:1000, ab182793, Abcam, USA), TGF-β (1:1000, GTX103322, Gene Tex), IL-1β (1:1000, ab9722,
Abcam, USA), TNF-α (1:1000, ab6671, Abcam, USA), CD68 (1:1000, sc-97778, Santa Cruz Biotechnology,
USA), CD206 (1:1000, sc-70585, Santa Cruz Biotechnology, USA), Smad2/3 (1:1000, Santa Cruz
Biotechnology, USA) overnight at 4°C. The membranes were incubated with secondary antibodies at the
second day and β-actin was used as a control. The relative density of the bands was analyzed with
Image J software.

Immuno�uorescence staining

Immuno�uorescence staining was conducted at 72 h after ICH as previously described 23. Brie�y,
formalin �xed, frozen, brain samples were cut into 10 mm-thick sections. The sections were incubated
with primary antibodies against Foxp3 (1:100, ab182793, Abcam, USA), CD68 (1:100, sc-97778, Santa
Cruz Biotechnology, USA), CD206 (1:100, sc-70585, Santa Cruz Biotechnology, USA) over-night at 4°C. On
the second day, the slices were incubated with appropriate secondary antibodies for 2 h at room
temperature. After adding DAPI (4’, 6-diamidino-2-phe-nylindole) the slides were cover slipped. The
staining were observed and photographed using a DMi8 �uorescent microscope under a 400 × fold �eld. 

Immunohistochemistry 

Immunohistochemistry was performed as described previously 24.Brie�y, the mice were euthanized at 72
h after ICH. Brain samples were �xed in formalin, gradient dehydrated in 30% sucrose, and embed in OTC.
The sliced brain samples were rinsed and blocked with 5% donkey serum. Myeloperoxidase (MPO), CD3,
and Foxp3 immunochemistry staining was conducted using MPO antibody (1:200, ab208670, Abcam,
USA), CD3 (1:200, sc-78588, Santa Cruz Biotechnology, USA), and Foxp3 antibody (1:100, ab182793,
Abcam, USA). The staining was observed and photographed using a DMi8 �uorescent microscope under
a 400 × fold �eld.

Statistical Analysis
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Results were expressed as mean ± SD. The statistical analyses were performed using GraphPad Prism 7
(La Jolla, CA, USA). One-way ANOVA following by T-ukey post hoc test was used to evaluate quantitative
western blot, brain water content and cell counting data. Two-way ANOVA following by T-ukey post hoc
test was used to compare behavior data, hematoma volume and hemoglobin content. Statistical
signi�cance was considered as if P values were < 0.05.

Results
Animal mortality rate

A total number of 404 were used in this study, of which 254 underwent ICH and 150 were shams. Three
mice died due to deep anesthesia prior to ICH-induction and there mice died during the procedure of i.c.v
injection of the CD25 antibody. No mice died in sham group. The ICH-surgery mortality was 2.36%. 

Temporal patterns and Tregs accumulate in brain after ICH

Western blot results showed that the expressions of CCL17, Tregs marker Foxp3 and TGF-β started to
increase at 12 h and peaked at 5-7 days post-ICH (Figure 1A-D). Immuno�uorescence staining
consistently revealed that Foxp3+ Tregs within ipsilateral hemisphere were increased at 1 d and peaked at
7 d after ICH (Figure 1E and 1F).

Tregs depletion aggravated the early brain injury after ICH

The i.c.v injection of CD25 antibody at 48 h before ICH signi�cantly decreased the endogenous
expressions of Foxp3 and the number of Foxp3+ cells in sham and ICH mice, suggesting the Tregs
depletion e�cacy of CD25 antibody in the present study (Fig. 2A– E).Compared with the isotype IgG pre-
treated ICH control group, the Tregs depletion by CD25 antibody pre-treatment signi�cantly exacerbated
the neurobehavioral de�cits including the modi�ed Garcia score, corner turn test and the forelimb
placement test at 72 h and 7 d after ICH (Fig. 3A). Tregs depletion leaded to an expansion in hematoma
volume and an increase in hemoglobin levels at 72 h and 7 d after ICH (Figure 3B-D). Tregs depletion also
resulted in an increase in water content (Figure 3E), and the greater expression of proin�ammatory IL-1β
and TNF-a, but the expression of TGF-β remained low (Figure 4A-D) at 72 h after ICH. Immuno-
histochemical staining showed Tregs depletion signi�cantly increased MPO+ and CD3+ cells in the peri-
hematoma region compared to controls at 72 h after ICH (Figure 4E-F).

Tregs recruitment by rCCL17 alleviated early brain injury after ICH

Previous studies have indicated that CCL17/CCR4 axis activation can recruit Tregs in vivo. To clarify the
effect of rCCL17 in Tregs chemotaxis to brain after ICH, rCCL17 was administrated i.n. 1 h after ICH. At 72
h after ICH, immune-histochemical and IF staining results showed a signi�cant increased Tregs in the
peri-hematoma region of brain in rCCL17-ICH group compared with the isotype-ICH control group (Figure
5A-D).
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In addition, compared with the isotype-ICH control group at 72 h after ICH, rCCL17 administration
alleviated neurobehavioral de�cits (Fig. 5E), reduced brain edema (Figure 5F). Moreover, rCCL17
administration signi�cantly attenuated hematoma volume and hemoglobin levels in ICH mice compared
to that in the isotype-ICH control group (Figure 6A-C), and decreased the expression of IL-1β and TNF-a,
increased the expression of TGF-β (Figure 6D-G).

Tregs promoted microglial/macrophages polarization and shifted toward M2 phenotype after ICH

Double immuno�uorescence staining was used to access the Tregs-induced M2 microglia/macrophages
polarization. The results showed that Tregs depletion in by CD25 antibody signi�cantly increased CD68+

M1 microglial/macrophages but decreased CD206+ M2 microglial/macrophages in ICH mice when
compared with isotype-ICH control group (Fig. 7A-D). The upregulated recruitment of Tregs by rCCL17
administration resulted in increases in CD206+ M2 microglial/macrophages but decreased CD68+ M1
microglial/macrophages in ICH + isotype control + rCCL17 group compared with the ICH + isotype control
group, ICH + CD25 antibody group and ICH + CD25 antibody + rCCL17 group(Fig. 7A-D).

Similarly, western blot analysis showed that Tregs depletion signi�cantly increased CD68 protein levels
but decreased CD206 expressions in the ipsilateral hemisphere of ICH + CD25 antibody group compared
with the ICH + isotype control group (Fig. 7E-G). Intransal rCCL17 treatment resulted in increases in
CD206 expressions but decreased CD68 expression in ICH + isotype control + rCCL17 group compared
with the ICH + isotype control group, ICH + CD25 antibody group and ICH + CD25 antibody + rCCL17
group (Fig. 7E-G).

TGFβ/TGFβR/Smad2/3 axis participated in Tregs-induced M2 microglial/macrophages polarization in
brain after ICH

Double immuno�uorescence staining results showed that rCCL17 treatment resulted in increases in
CD206+ M2 microglial/macrophages while decreased CD68+ M1 microglial/macrophages in ICH +
rCCL17 group compared with the ICH + vehicle group (Fig. 8A-D). Pretreatment with the TGF-β inhibitor,
SB431542, signi�cantly abolished the effect of rCCL17 resulting in the increased CD68+ M1
microglial/macrophages but decreased in CD206+ M2 microglial/macrophages compared with the ICH +
rCCL17 and ICH + rCCL17 +DMSO group (Fig. 8A-D). 

Similarly, western blot analysis showed rCCL17 treatment resulted in increased expressions of TGF-β, p-
Smad2/3 and CD206 but decreased CD68 expressions in ICH + rCCL17 group compared with the ICH +
vehicle group (Fig. 8E-I). Pretreatment with the selective TGF-β inhibitor SB431542 signi�cantly abolished
the effect of rCCL17 resulting in a higher CD68 expression but lower expression of p-Smad2/3 and
CD206 compared with the ICH + rCCL17 and ICH + rCCL17 +DMSO group (Fig. 8E-I).

Discussion
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In the present study, we �rst investigated the neuroprotective effects of rCCL17-mediated Tregs
recruitment into brain after ICH and mechanism of Tregs-induced M2 microglia/macrophage polarization
in a mouse model of ICH. The results showed that 1) the expression levels of endogenous CCL17, Tregs
marker Foxp3 and TGF-β were signi�cantly increased at 5 d and 7 d after ICH compared with the sham
group. The number of Tregs in the peri-hematoma region was increased and peaked at days 7 after ICH;
2) Tregs depletion by the CD25 antibody aggravated the early brain injury and deteriorated neurological
de�cits after ICH, while rCCL17-medicated Tregs recruitment into brain alleviated early brain injury after
ICH; 3) Recruitment of Tregs promoted microglial/macrophages polarization and shifted toward M2
phenotype after ICH, at least in part, through TGFβ/TGFβR/Smad2/3 signaling pathway.

Tregs, a Foxp3-expressing subset of CD4+ T cells, play a critically role in preserving immune homeostasis
under normal physiological conditions and are characterized as protective cells in limiting in�ammation-
related damage in several in�ammatory conditions including central nervous system (CNS)25,26 In cancer
cells, Tregs in�ltration can help the cancer cells escape from immunological cells elimination which was
correlated with worse prognosis in a variety of cancer types 25,27,28. In CNS, Tregs modulate immune
tolerance and provide anti-in�ammatory effects in animal model of ischemic stroke, traumatic brain
injury and ICH 13–15,29. However, little is known about the regulatory mechanism underlying the brain
recruitment of Tregs and M2 microglia/macrophage polarization effects of Tregs against ICH.

In�ammatory processes characterized by the in�ltration of peripheral in�ammatory cells and release of
proin�ammatory cytokines play an important role in the pathophysiology of ICH 17. Due to a very low
number of Tregs in the brain under normal conditions, the characteristics and functions of brain intrinsic
Tregs in modulating immune balance is largely unexplored after ICH. In the present study, we found that
there was abundant accumulation of Tregs in the hemorrhagic hemisphere and Tregs depletion by CD25
antibodies aggravated early brain damage and exacerbated neurobehavioral de�cits at 72 h after ICH.
The results are consistent with previous report by others that Tregs were neuroprotective following ICH
15,30. In Tregs depleted mice, we further found an increased in�ltration of proin�ammatory MPO+ and
CD3+ T cells into the ipsilateral brain hemisphere and greater the M1 microglial/macrophages at 72h
after ICH, which indicated Tregs recruitment as a endogenous protective mechanism of body in response
to ICH.

CCL17, predominantly expression in macrophage lineage populations and neurons 31,32, was primarily
involved in a broader biology of attraction of CD4+ Tregs via binding to its receptor, CCR4, in multiple
sclerosis 33, endotoxin shock and in�ammatory pain 34. In the current study, we found rCCL17-mediated
Tregs recruitment into peri-hematoma regions alleviated the early brain injury by promoting the M2
polarization of microglial/macrophages after ICH. In the early stages of ICH, microglia is the �rst innate
immune response cell among non-neuronal cells 7,35.

Microglia activated and polarized into classic M1-like (proin�ammatory) phenotype to produce toxic
chemicals that further exacerbate the blood brain barrier dysfunction and peripheral proin�ammatory



Page 10/23

cells in�ltration. After 3–4 days after ICH, the shifting of M1-type microglia/macrophages into alternative
M2-like (anti-in�ammatory) phenotype promotes phagocytosis of red blood cells scavenges necrotic cells
and facilitates neural repair 7,36. Therefore, therapeutic approach promoting microglia/macrophages
polarization toward M2 phenotypes would be effective in attenuating of brain injury after ICH. Previous
studies demonstrated that Tregs proliferation induced by CD28 superagonistic monoclonal or infusion
isolated Tregs prevented secondary brain damage and promoted M2 microglia/macrophages
polarization after ICH 15,30,37. CD28 superagonistic antibodies can cause activation and proliferation of
Tregs regardless of signal received by T-cell receptor. However, its treatment e�ciency was uncertain of
using antibody injection to boost Tregs in vivo after ICH. Thus, rCCL17 appears to offer a feasible and
e�cient way to up-regulate peripheral Tregs migration into brain that promote M2
microglia/macrophages polarization after ICH in mice.

Furthermore, we further explored the interaction between Tregs and microglia. Our study showed that
Tregs promoted microglial/macrophages shifted toward M2 phenotype via TGFβ/TGFβR axis after ICH.
Early studies showed that TGF-β originating from Tregs can activate M2 microglia and suppress
in�ammation 38,39 through Smad2/3 signaling 40–42.

Consistently, we found that blockade of TGF-β receptor (TGF-βR) by SB431542 reversed the effects of
rCCL17 on M2 microglial/macrophages polarization. It is likely that rCCL17-recruited Tregs released TGF-
β in the brain. TGF-β binds to microglia TGF-β receptor and activated the downstream Smad2/3 signal
pathway that further promote microglial/macrophages polarization into M2 phen0-type, thus leading to
hematoma clearance, less neuroin�ammation and improved neurobehavioral de�cit in ICH.

There are several limitations in the current study. First, this study mainly focused on the neuroprotective
effect of rCCL17-mediated Tregs recruitment against early brain injury after ICH. Additional long-term
study is needed for further validate such protection. Second, anti-CD25 mAb depletes all CD25+ cells
including activated T and B cells. We could not exclude the depletion effects of B cells and other T cells
on the outcome after ICH. Further study is necessary to use transgenic mice with a diphtheria toxin
receptor (DTR) to induce speci�c Tregs depletion after ICH. At last, our data demonstrated
TGFβ/TGFβR/Smad2/3 signaling in M2 microglia/macrophages polarization modulated by Tregs.
However, other signaling pathways such as IL-10 and JNK may also be involved as potential underlying
mechanisms.

Conclusions
Our study demonstrated rCCL17-mediated Tregs recruitment into brain attenuated the early brain injury
and promoted M2 microglia/macrophages polarization, at least in part, through the
TGFβ/TGFβR/Smad2/3 signaling pathway in mouse model of ICH. Thus, therapeutic strategy that up-
regulates Tregs recruitment to injured brain may provide a promising approach in treatment of ICH
patients.
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Abbreviations
ICH, intracerebral hemorrhage, CCL17, C-C chemokine ligand17, rCCL17, Recombination C-C chemokine
ligand17, CCR4, C-C Chemokine Receptor 4, IF, Immuno�uorescence, BWC, brain water content, DMSO,
Dimethyl sulfoxide, i.n., intranasally, i.c.v, intracerebroventricularly. Foxp3,  Fork head box P3-expressing,
Tregs, regulatory T cells, TGF-β, transforming growth factor-beta, i.p., intraperitoneally, MPO,
Myeloperoxidase, CNS, central nervous system, TGF-βR, TGF-β receptor, DTR, diphtheria toxin receptor.
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Figure 1

Expressions of CCL17 (C-C chemokine ligand17), Foxp3 (Fork head box P3-expressing), and TGF-β
(Transforming growth factor-β) in ipsilateral brain hemisphere after intracerebral hemorrhage (ICH). A-D,
Representative western blot images and quantitative analyses of CCL17, Foxp3 and TGF-β time course
after ICH. n=6/group, * p<0.05 vs. sham, Mean ± SD, One-way ANOVA, Tukey test. E, Brain samples with
schematic illustration showing the peri-hematomal region (small white box) from where the
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microphotograph of immuno�uorescence staining was taken. F, Representative microphotograph showed
the localization of Foxp3-positive cells (green) in the perihematomal area at 1 d, 3 d and 7 d after ICH.
Nuclei were stained with DAPI (blue), scale bar=50 µm, n=2/group, DAPI, 4',6-diamidino-2-phenylindole.

Figure 2

The depletion e�cacy of the CD25 antibody on Tregs. A, Representative microphotograph of localization
of Foxp3+ cells (green) in the peri-hematomal area at 72 h after ICH. Nuclei were stained with DAPI (blue),
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scale bar=50 µm, n=2/group. B, Brain samples with schematic illustration showing the peri-hematomal
region (small white box) from where the microphotograph of immuno�uorescence staining was taken. C,
Quantitative analysis of Foxp3-positive cells within the ipsilateral hemisphere at 72 h after ICH.
n=4/group. D-E, Representative western blot bands and quantitative analyses of Foxp3 at 72 h after ICH.
n=6/group, * p<0.05 vs. sham + isotype control and sham + CD25-speci�c mAb, # p<0.05 vs. ICH + CD25-
speci�c mAb, Mean ± SD, One-way ANOVA, Tukey test.

Figure 3
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Tregs depletion by the CD25 antibody aggravated early brain injury after ICH. A, Short-term neurological
function assessment (Modi�ed Garcia test, Left forelimb placement test and Corner turn test) in the
isotype IgG control and anti-CD25 groups at 1, 3, and 7 d after ICH. B, Representative photograph of brain
sections at 1, 3, and 7 d after ICH. C, Hemoglobin content at 1, 3, and 7 d post-ICH. D, Hematoma volume
at 1, 3, and 7 d post-ICH. E, Brain edema at 72 h post-ICH. n=6/group. * p<0.05 vs. sham + isotype control
and sham + CD25-speci�c mAb, # p<0.05 vs. ICH + isotype control, @ p<0.05 vs. ICH + CD25-speci�c
mAb, Mean ± SD, One-way ANOVA, Tukey test.

Figure 4

Tregs depletion by the CD25 antibody aggravated neuroin�ammation after ICH. A-D, Representative
western blot bands and quantitative analyses of IL-1β, TNF-α and TGF-β in ipsilateral brain hemisphere at
72 h after ICH. n=6/group. E-F, Representative microphotograph of immunohistochemistry staining of
MPO and CD3 positive cells (yellow) in the perihematomal area at 72 h after ICH. n=4/group. * p<0.05 vs.
sham + isotype control and sham + CD25-speci�c mAb, # p<0.05 vs. ICH + isotype control, @ p<0.05 vs.
ICH + CD25-speci�c mAb, Mean ± SD, One-way ANOVA, Tukey test.
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Figure 5

rCCL17-mediated Tregs recruitment alleviated the early brain injury after ICH. A, Representative
microphotograph of immunohistochemistry staining of Foxp3 positive cells (brown) in the peri-
hematomal area at 72 h after ICH. n=4/group. B, Brain samples with schematic illustration showing the
peri-hematomal region (small white box) from where the microphotograph of immuno�uorescence
staining was taken. C-D, Representative microphotograph and quantitative analyses of localization of
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Foxp3+ cells (green) in the peri-hematomal area at 72 h after ICH. n=4/group. E, Short-term neurological
function. n=6/group. F, Brain edema at 72 h post-ICH. n=6/group, * p<0.05 vs. sham +vehicle and sham +
rCCL17, # p<0.05 vs. ICH + rCCL17, @ p<0.05 vs. ICH + vehicle, Mean ± SD, One-way ANOVA, Tukey test.

Figure 6

rCCL17-mediated Tregs recruitment alleviated hematoma and neuroin�ammation after ICH. A-C,
Representative photograph of brain sections, Hematoma volume, Hemoglobin content at 72 h after ICH.
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D-G, Representative western blot images and quantitative analyses of IL-1β, TNF-α and TGF-β at 72 h
after ICH. n=6/group. n=6/group, * p<0.05 vs. sham +vehicle and sham + rCCL17, # p<0.05 vs. ICH +
rCCL17, @ p<0.05 vs. ICH + vehicle, Mean ± SD, One-way ANOVA, Tukey test.

Figure 7

Tregs promoted microglial/macrophages polarization and shifted toward M2 phenotype after ICH. A-D,
Representative microphotographs and quantitative analysis of co-immuno�uorescence staining of CD68
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(green), CD206 (green) with microglia (Iba-1, red) in the ipsilateral hemisphere at 72 h after ICH. Nuclei
were stained with DAPI (blue). A small white square within coronal section of brain indicated the location
from where the microphotograph of immuno�uorescence staining was taken. n=4 /group. E-G,
Representative western blot bands and quantitative analyses of CD68 and CD206 at 72 h after ICH.
n=6/group, * p<0.05 vs. ICH + isotype control, @ p<0.05 vs. ICH + CD25-speci�c mAb, # p<0.05 vs. ICH +
CD25-speci�c mAb + rCCL17, Mean ± SD, One-way ANOVA, Tukey test.

Figure 8
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The TGFβ/TGFβR/Smad2/3 axis participated in Tregs-induced M2 polarization of microglia. A-D,
Representative microphotographs and quantitative analysis of co-immuno�uorescence staining of CD68
(green), CD206 (green) with microglia (Iba-1, red) in the ipsilateral hemisphere at 72 h after ICH. Nuclei
were stained with DAPI (blue). A small white square within coronal section of brain indicated the location
from where the microphotograph of immuno�uorescence staining was taken. n=4 /group. E-I,
Representative western blot bands and quantitative analyses of TGF-β, p-Smad2/3, CD68 and CD206 at
72 h after ICH. n=6/group, * p<0.05 vs. sham, @ p<0.05 vs. ICH + vehicle, # p<0.05 vs. ICH + rCCL17 +
SB431542, Mean ± SD, One-way ANOVA, Tukey test.


