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Impact statement

The effects of intermittent hypoxic training
or conditioning on many pathological con-
ditions have been widely investigated. One
of the pathological conditions dealt with
intermittent hypoxic training is ischemic
stroke. Well-known mechanisms of inter-
mittent hypoxia-induced protection are
related to increased energy metabolism
and the enhanced antioxidant effects. In
the last decades, the role of microglia in the
progress of ischemic stroke-related brain
damage has been focused. The dual-edge
function of microglia indicates that the
microglia-mediated inflammatory
response is definitely beneficial in the early
stage of ischemic stroke, but long-term
activation of microglia is rather detrimental
during the recovery process. The effect of
IHT on microglia polarization is not inves-
tigated. This study focused on whether IHT
regulates the polarization of microglia
without dampening its classic phagocytic
function. This study will provide pivotal
information regarding the effects of IHT on
the long-term effects on the recovery pro-
cess from ischemic stroke.

Abstract

The microglia are the resident immune cells in the central nerve system. In the various
pathological conditions, prolonged activated microglia could deteriorate brain damage.
The regulation of the microglia polarization should be considered in developing an inter-
vention for ischemic stroke patients. Normobaric intermittent hypoxic training protects the
brain from intensive ischemic stresses. This study examined the role of intermittent hypoxic
training in the regulation of microglia polarization that occurs in the in vitro model of oxygen-
glucose deprivation (OGD)-reoxygenation. EOC20 were assigned to the following groups;
(1) Normoxia, (2) oxygen—glucose deprivation-reoxygenation, (3) intermittent hypoxic train-
ing, (4) oxygen-glucose deprivation—-reoxygenation + intermittent hypoxic training; 24 h
after the intermittent hypoxic training, microglia were harvested to perform the following
experiments; cell viability (Calcein AM and LDH activity assay), quantification of proteins
(Western blot), cytokine (ELISA), and reactive oxygen species (ROS) (H.DCFDA assays),
phagocytic activity by using latex beads coated with FITC, and cell phenotype (immuno-
cytochemistry and flow cytometric analysis, and immunoblot CD206 (M2)). One-way
ANOVA with Tukey’s post hoc test was used for the statistical analysis. Oxygen-glucose
deprivation/reoxygenation decreases cell viability to 50% of normoxia. Intermittent hypoxic
training protects the microglia from oxygen—glucose deprivation/reoxygenation stress.
Intermittent hypoxic training regulates the polarization of the microglial phenotype toward
anti-inflammatory type M2 (vs. oxygen—-glucose deprivation and reoxygenation).

Intermittent hypoxic training increases phagocytic activity (about 12 folds) vs. normoxia. ROS in the oxygen—glucose depriva-

tion/reoxygenation group is increased, but intermittent hypoxic training lowers the ROS generation by oxygen—-glucose depriva-
tion/reoxygenation. The protein content of the toll-like receptor (TLR2) was significantly elevated in the oxygen—glucose depri-
vation and reoxygenation group, and intermittent hypoxic training lowered to normoxia level. Anti-inflammatory cytokines, such as
IL-10 and IL-4, were significantly increased in the intermittent hypoxic training groups. Due to the effect of intermittent hypoxic
training on the microglia phenotype, intermittent hypoxic training could be considered as an effective intervention in the treatment
or rehabilitation program for the ischemic stroke victims.
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Introduction

Stroke is the fifth leading cause of death and is a major
cause of long-term disability in the United States."* On
average, someone in the US is experiencing symptoms
of a stroke every 40s and this approximates the number
of people affected by stroke to 795,000 (new or recurrent)
each year.” Data show that by 2030, 3.88% of the US popu-
lation (older than 18 years of age) is projected to have had
a stroke.*

There are two major types of stroke; (1) Hemorrhagic
stroke which is characterized by a ruptured blood vessel
that has already been weakened by aneurysms or arterio-
venous malformations. (2) Ischemic stroke which is caused
by obstructing a blood vessel in the brain, compromising its
blood supply. According to a study, approximately 87% of
strokes are diagnosed as ischemic strokes.> When an ische-
mic stroke occurs, it triggers a cascade of inflammatory
events that are characterized by two types of injury, the
immediate infarct manifested by cell death through necro-
sis, and the peri-infarct penumbra that causes delayed pro-
grammed cell death.” The intervention for ischemic stroke
is still limited to the only FDA-approved treatment avail-
able, the recombinant tissue-plasminogen activator (rtPA).”
However, its therapeutic window is limited up to 4.5 h after
the onset of the ischemic stroke, as recommended by the
American Heart Association. The ischemic penumbra’s
slower progression extends the treatment window for
ischemic stroke.® The microglia, a resident immune cell of
the central nervous system (CNS), is a critical cell type
during this stage.

Microglia composes 10-20% of glial cells in the CNS
and acts as its main immune defense.” Microglia is an
integral part of the innate immune system and plays a sig-
nificant role in brain development and the prognosis
of conditions including, but not limited to, multiple sclero-
sis, Alzheimer’s disease, and brain injury.® Microglia acti-
vation is considered the hallmark of brain pathology.’
Disturbances promoted by diseases or even caused by inju-
ries like ischemic stroke and other traumatic brain damages
can stimulate the activation of microglia. Activated micro-
glia becomes highly motile and migrates to the injured area
to start engulfing cell debris and damaged cells.” They also
are involved in the inflammatory response by secreting
cytokines. This is the M1 phenotype of the microglia.'
On the other hand, microglia can also be alternatively acti-
vated to express another phenotype called M2, which is
known as anti-inflammatory microglia. M2 type of micro-
glia induces the phagocytic function of the microglia but
also promotes the limiting of the inflammation around the
site of injury.'’

Immediate physiological response to stress is to initiate
an immune response inflammation. While the inflammato-
ry response is an effective way to contain the damage at the
site of injury, chronic inflammation can impede the repair
process. Therefore, inflammation has to be in the checklist
during the healing procedure. Therefore, we investigated
whether IHT could regulate the microglia polarization from
M1 to M2 from the stress caused by OGD and reoxygena-
tion. Previously, it is known that IHT could protect the brain

from various stress models, but the role of IHT in induction
of M2 microglia phenotype was not investigated.

Materials and methods

Oxygen-glucose deprivation and reoxygenation

Mice microglia, EOC20, was purchased from American
Type Culture Collection (ATCC, Old Town Manassas,
VA). EOC20 cells (passage less than 20) were assigned to
the following groups; Normoxia control, OGD-reoxygena-
tion, Normobaric intermittent hypoxia conditioning (IHT),
OGD+IHT. Treatment groups consisted of six independent
trials. Cells were maintained with DMEM (VWR life sci-
ence, Road Radnor, PA) containing high glucose, glutamate
and pyruvate, and supplemented with 20% fetal bovine
serum (FBS) and penicillin (10,000 units/mL) and strepto-
mycin (10,000 pg/mL). EOC20 cells (10,000 cells per well)
were seeded in the 96-well plate. To achieve an OGD state,
DMEM with high glucose and pyruvate was replaced with
DMEM (Gibco, Waltham, MA) without glucose and pyru-
vate. EOC20 was placed into the programmable hypoxia
chamber (Biospherix, Parish, NY) (0.1% O, and 5% CO,)
for 90 min. Afterward, OGD cells were returned to the reg-
ular CO, incubator, and at the beginning of reoxygenation,
DMEM (VWR life science, Road Radnor, PA)+ high glu-
cose, glutamate, and pyruvate were added to the OGD-
conditioned cells. EOC20 in IHT groups exposed to a
three days IHT program consisting of five to eight daily,
5- to 10-min cycles of hypoxia (4-3.5% O,) with intervening
4-min reoxygenation.

Cell viability assay

Cell viability of EOC20 cells in each group was evaluated
by using Calcein-AM assay and LDH activity in the DMEM
after OGD-reoxygenation and three days of IHT. After 24 h
of reoxygenation, LDH and Calcein-AM assay were per-
formed. LDH activity was measured by using commercial
LDH assay kit and spectrophotometric kinetic assay (Pointe
Scieitific, Canton, MI). Cells were washed with phosphate-
buffered saline (PBS, pH7.0) and incubated with Calcein-
AM (1pM, AnaSpec, Fremont, CA) in PBS for 14 min at
37°C. Fluorescent intensity which emitted by live cells
was measured by using Spectra Max Plus 384 (Molecular
Devices, Sunnyvale, CA) with 485/530 nm (excitation and
emission). Cell viability was reported as percent viability
compared to the normal control. Treatment groups con-
sisted of six independent trials, each in sextuplicate. After
spectrometric quantification, representative images were
taken using an Olympus BX41 fluorescent microscope.

Western blot analysis

Western blotting assay (1 = 6) was used for the comparative
analysis of the proteins. After 24 h of reoxygenation, pro-
teins from the cells were extracted. Cells were washed with
PBS twice and were lysed in the cell lysis buffer, containing
Tri (20mM), NaCl (100mM), and EDTA (I1mM), freshly
mixed with inhibitors of protease and phosphatase for
15min at 4°C on a shaker followed by centrifugation at
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110,0004 for 20 min at 4°C. Supernatant of whole cell extract
was saved at —80°C for later use. Protein concentration of
the protein extract was measured by using Pearce BCA
Protein assay kits (Thermo Scientific, Waltham, MA).
Protein (20 pg/lane) was loaded and separated within
SDS-PAGE electrophoresis and transferred to the nitrocel-
lulose membrane. The following primary antibodies were
used; Goat-antiTLR2 (1:100, R&D system, Minneapolis,
MN), mouse-CD206 (1:500, Novus Biologicals, Littleton,
CO), mouse anti-f-actin  (1:1000, Santa  Cruz
Biotechnology, Dallas, TX). Primary antibodies were incu-
bated overnight at 4°C. Mouse anti-goat (Santa Cruz
Biotechnology, Dallas, TX) and goat anti-mouse
(ImmunoReagent, Raleigh, NC) secondary antibodies con-
jugated with HRP were used at 4500:1 dilution for 1h at
room temperature. Protein content was quantified by den-
sitometry (Ultraviolet Products, Upland, CA) and normal-
ized to the B-actin density.

Reactive oxygen species measurements

Primarily superoxide generated from EOC20 was mea-
sured by using H,DCFDA (Invitrogen, Eugene, OR). Two
different sets of experiments were parallelly conducted for
image and quantification. After OGD and reoxygenation,
EOC20 cells were washed with PBS and incubated with
DCFDA (25 pmol/L) for 30 min at 37°C. After gentle wash-
ing, fluorescent images with DAPI nuclear stain were
immediately obtained by using an Olympus BX41 fluores-
cent microscope. The intensity of fluorescence which is pro-
portional to the ROS quantity was measured by using
Spectra Max Plus 384 (Molecular Devices, Sunnyvale, CA)
with 492 /520 nm (excitation and emission). The florescence
intensity was normalized to the average normoxia value.

Immunocytochemistry of M2 microglia

The phenotype of microglia in each group was determined
by immunocytochemistry. EOC20 cells were cultured on a
glass coverslip in DMEM containing 10% FBS and 1% strep-
tomycin (10,000 pg/mL)-penicillin (10,000 units/mL).
EOC20 monolayer was fixed with cold methanol and per-
meabilized with 1% Triton X. After blocking with goat
serum (5%), mouse CD206 antibody (1:40, Novus
Biologicals, Littleton, CO) was used as an M2 marker.
Goat anti-mouse Alexa flour plus 555 (1:500, Invitrogen,
Carlsbad, CA) was used for immunocytochemistry.
Fluorescent images were immediately obtained by using
an Olympus BX41 fluorescent microscope.

Cytokine quantification

IL-10 and IL-4 were measured by enzyme-linked immuno-
sorbent assay (ELISA) kits (Abcam, Cambridge, MA).
Sample preparation and quantification of cytokines were
done by following the manufacture’s instruction.
Cytokines’ determination was done in duplicate. Protein
extractions and standards (100pL) were placed to the
antibody-coated plates and incubated for 2.5 h at room tem-
perature. After thorough washing, biotinylated cytokine
detecting antibody was added and incubated for 1h at

room temperature. HRP-streptavidin solution was added
to each well and incubated for 45 min at room temperature.
Then, one step TMB substrate reagent was added to each
well and incubated for 30 min at room temperature in the
dark. After adding a stop solution, each cytokine was mea-
sured by using Spectra Max Plus 384 (Molecular Devices,
Sunnyvale, CA) at 450 nm immediately. Cytokine concen-
tration was reported as unit per mg of protein.

Phagocytic activity of microglia

Phagocytic activity of microglia was compared between
groups by using the Phagocytosis Assay kit (Cayman
Chemical, Ann Arbor, MI). EOC20 cells were cultured
less than 70% confluency; 2h of each experimental treat-
ment, latex beads-rabbit IgG-FITC complex were directly
applied to prewarmed DMEM supplemented with 10% FBS
and 1% streptomycin (10,000 pg/mL)-penicillin (10,000
units/mL). EOC20 cells displaying fluorescent, after 1h
incubation at 37°C, were counted by flow cytometric anal-
ysis using 2100 bio-analyzer (Agilent, Santa Clara, CA). For
the fluorescence microscopy, duplicated experiments were
performed, and images were taken by using an Olympus
BX41 fluorescent microscope.

Statistical analysis

Data are expressed as mean-=+SEM. Multi comparison
between groups was accomplished by one-way analysis
of variance combined with Tukey multi comparison test
to identify statistically significant differences (SPSS data
analysis software). Probability value <0.05 was taken to
indicate statistically significant effects.

Results

IHT protects the microglia from the OGD and
reoxygenation stress

Similar to the other types of cells that suffer, microglia are
damaged without sufficient oxygen and nutrition.
Damaged microglia could be a trigger of ischemia-related
brain damage. LDH activity assay in cell culture media,
which indicates hypoxic stress level on the cells, and cell
viability assay supports that IHT protects the microglia
from the OGD and reoxygenation stress (Figure 1). OGD
and reoxygenation decreased cell viability to 65% of nor-
moxia (control). IHT itself does not change cell viability
compared to the normoxia group. Normobaric IHT protects
the microglia from the OGD-reoxygenation caused cell
death (Figure 1(a) and (b)). LDH activity in the cell culture
media shows the opposite pattern to the cell viability assay.
LDH activity in the OGD-reoxygenation group is increased
by approximately 40% when compared to the normoxia

group (Figure 1(c)).

IHT induces the M2 phenotype of microglia under OGD
and reoxygenation condition

The function of IHT on the regulating microglia phenotype
was tested by using immunocytochemistry. CDI11b, a
marker of microglia, is used to confirm the characteristic
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Figure 1. IHT protects the microglia from the OGD and reoxygenation. (a, b) The Calcein-AM assay shows the protective effect of IHT against OGD and reoxygenation.
(c) LDH assay supports that IHT protects the microglia by presenting that microglia exposed to the OGD and reoxygenation get stressed and increased LDH release
into the culture media. *P < 0.05 vs. OGD/Reoxy. (A color version of this figure is available in the online journal.)

of EOC20 cells (Figure 2(a)). The CD206 expression on
the cell was only significantly increased in the IHT and
OGD-reoxygenation + IHT groups (Figure 2(a)). A signifi-
cantly increased CD206 content in the IHT group also
support that IHT increased M2 phenotype of microglia
(Figure 2(b) and (c)). CD 206 content in the Western blot
was about four times greater than OGD and reoxygenation
group (Figure 2(b) and (c)). The involvement of the anti-
inflammatory cytokines in the polarization of microglia to
the M2 phenotype is well reported. Intermittent hypoxic
training significantly increased IL-4 concentration com-
pared to the other groups (Figure 3(a)). On the other
hand, IL-4 in the OGD-reoxygenation group was signifi-
cantly decreased compared to the normoxia group, but
IHT followed by OGD-reoxygenation increased the IL-4
back to the normoxia control level (Figure 3(a)). IHT also
mitigated the reduction of IL-10, anti-inflammatory cyto-
kine, by OGD-reoxygenation (Figure 3(b)). Toll-like recep-
tor 2 (TLR2), a representative pattern recognition receptor
(PRR), was significantly increased in the microglia after
OGD-reoxygenation, and IHT reduced the TLR2 of micro-
glia exposed to the OGD-reoxygenation back to the level in
the normoxia control group (Figure 3(d)).

IHT enhances the phagocytic activity of microglia and
reduced ROS generation

OGD-reoxygenation-activated microglia increased phago-
cytic activity vs. normoxia group, 21.4%, and 1.7%, respec-
tively (Figure 4); 53.2% of microglia in the IHT without the

OGD-reoxygenation group detected as positive in phago-
cytic activity. IHT-enhanced phagocytic activity was main-
tained even after OGD-reoxygenation stress (Figure 4).
ROS generation was monitored by using the ROS indicator,
H,DCFDA. It is previously reported that IHT enhances
endogenous redox potential. In this study, we were able
to recapitulate it by monitoring the ROS generation
(Figure 5).

Discussion

Cerebral hypoxia, accompanied by glucose deprivation and
subsequent reoxygenation stress is a significant component
of injuries pertaining to the brain. Conditions like, but not
limited to, traumatic brain injury, heart attack, cerebral
edema, obstructive sleep apnea, and ischemic stroke
can initiate a proteolytic cascade of reaction that is directly
associated with neuronal apoptosis."" When the OGD/
reoxygenation stress occurs, it induces inflammatory reac-
tion which is triggered by activation of microglia leading to
eventual neuronal cell death.

In the previous studies of our laboratory as well as of
other laboratories, IHT-induced cellular protection has
been reported. IHT stabilizes the o-subunit of the
hypoxia-inducible factor (HIF) and activates HIF gene reg-
ulatory mechanism.'? Erythropoietin (EPO) is a pivotal
cytokine/hormone of IHT-induced cellular protection.
The biological function of EPO is the erythropoiesis and
inducing the activation of anti-apoptotic kinases, such as
Erk and Akt.' Additionally, activated HIF increases
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Figure 2. IHT derives microglia toward the anti-inflammatory M2 phenotype. (a) The characteristic of EOC20 cell is confirmed by detecting CD11b which is a microglia
marker. CD206, M2 marker, is noticeably increased on the microglia treated with IHT. (b,c) Western blot data clearly show that CD206 protein content in the microglia is
significantly increased by IHT compared to the microglia in the OGD and reoxygenation group. *P < 0.05 vs. OGD/Reoxy. (A color version of this figure is available in the

online journal.)
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Figure 3. Anti-inflammatory cytokines and toll-like receptor 2 content. (a) IHT increased the IL-4 contents compared to other groups including OGD and control. (b)
IL-10 is not increased compared to the Normoxia but increased compared to the OGD group. (c,d) Toll-like receptor 2 is significantly increased in the OGD and

reoxygenation group. *P < 0.05 vs. Normoxia *P < 0.05 vs. OGD/Reoxy.

glycolytic enzymes involved in energy metabolism and
enhances the redox potential of the cells."* Overall, IHT
balances between energy demand and supply so that ROS
generation is diminished. Although numerous studies have
reported a series of potential cellular protective mecha-
nisms against ischemia and reperfusion stresses, it is

evidently not satisfactory to explain IHT-induced cerebral
protective mechanisms. A piece of missing puzzles might
be associated with protecting microglia and regulating its
polarization. We demonstrated by using calcein-AM and
media LDH activity assay that IHT protects the microglia
from the OGD-reoxygenation stress. LDH, a cytoplasmic
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Figure 4. Phagocytic activity of microglia enhanced by IHT. The phagocytic activity of microglia activated by OGD and reoxygenation is enhanced compared to the
unstressed control group. IHT increases the phagocytic activity of microglia greater than the OGD-reoxygenation group. (A color version of this figure is available in the

online journal.)
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Figure 5. IHT reduced ROS generation from microglia. ROS generation in the OGD and reoxygenation activated-microglia was dampened by IHT. The bar graph
represents a quantitative analysis of the H,DCFDA spectrophotometry assay. *P < 0.05 vs. OGD/Reoxy. (A color version of this figure is available in the online journal.)

enzyme, is increased under hypoxic conditions and
released to the extracellular environment when the cell
membrane is compromised. The LDH activity in the extra-
cellular media in the OGD-reoxygenation group was
increased because of severely damaged microglia, but
IHT can reduce the extracellular LDH activity by protecting
the microglia from intense OGD-reoxygenation stress. This
supports the result of increased viability after IHT treat-
ment of OGD-exposed cells, indicating that IHT enhances
a healing procedure after an injury. Decreased microglia in
the core of brain parenchyma in the process of ischemic

stroke results in increased peripheral neutrophil accumu-
lation.'® Therefore, protecting microglia from ischemia and
reperfusion injury is an important factor to be considered in
developing an intervention for ischemic stroke patients.
Furthermore, previous study tested the effect of microglia
in the rodent ischemic stroke model. Selective deletion of
microglia results in about 60% increased neuronal death in
the ischemic stroke model."

Abnormally increased ROS has been reported as a prin-
cipal constituent in various pathophysiological conditions.
An excessive amount of ROS deteriorates cellular
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homeostasis by damaging protein, lipids, and even genetic
nucleic acids. On the other hand, moderately increased
ROS could serve as a regulator in signaling pathway'”
and in the transcription for cytoprotective proteins synthe-
sis '8 For example, under hypoxia, the rate of ROS gener-
ation is increased which results in HIF-1o stabilized.
HIF-induced antioxidants are able to maintain the ROS
level. However, once ROS exceeds the point where HIF
can control, HIF is also inactivated and eventually causes
cell death."*' ROS is increased with activated microglia
and by the cells affected by activated microglia.?’ In here,
the antioxidant function of IHT is demonstrated. Increased
ROS with OGD and reoxygenation was dampened by IHT.

Microglia, resident macrophage of the CNS, has a signif-
icant role in sustaining the homeostasis of the CNS by
having dual-edge functions in the inflammation; enhancing
or mitigating inflammation. The microglia’s first response
to the occlusion of a vessel in the brain is to promote inflam-
mation. This is an innate response to promote damage con-
tainment at the site of injury. Although this is an effective
way of starting the healing process, the pro-inflammatory
process alone is not enough to prevent further damage. The
prolonged microglial inflammatory response in the CNS
can induce secondary damage in the tissue and hinder neu-
ronal regeneration.’*"** Disturbances in the CNS could
activate microglia and likely polarize to the M1 phenotype.
Microglia in the form of prolonged active inflammation
slows the recovery of the CNS from previous stress condi-
tions that caused it. Therefore, the timing and balancing of
the polarization of microglia are a critical factor in minimiz-
ing tissue injuries and enhancing recovery from ischemic
conditions. The effect of IHT on the polarization of micro-
glia toward the immune suppressive M2 phenotype was
examined in this study. Activation of TLR2 results in
increased transcription of various pro-inflammatory medi-
ators which could be deriving factor for the polarization of
microglia.? It is reported that the activation of TLR2 by the
TLR2 agonist, GT1b, induces M1 microglia activation.?*
IL-10 is a potent anti-inflammatory cytokine and counter-
acts the damage brought upon by an injury.” It is well
supported that increased anti-inflammatory IL-10 is con-
tributing to the polarization of microglia to the M2 pheno-
type and loss of IL10 increases M1 phenotype.”** TL-4 is
another potent anti-inflammatory cytokine synthesized by
microglia.?® TL-4 is known to drive the microglia to its M2
phenotype.” This study proposes that IHT-induced cyto-
kine profile modifications result in an increased M2 pheno-
type of microglia. It also results in the augmentation of
phagocytosis-mediated tissue cleanup which can enhance
functional recovery.”?®

As mentioned earlier, the phagocytic function of micro-
glia is an essential physiologic and immunologic function
and a significant component of repair and regeneration of
the CNS after injury." It is undoubtedly observed that the
activated microglia possess the enhanced phagocytic func-
tion compared to the microglia in the resting state. We also
demonstrated that the phagocytic activity of the microglia
increased after being exposed to OGD-reoxygenation
stress. Interestingly enough, the OGD-exposed cells that
were subsequently treated with IHT displayed an even

higher phagocytic activity. The increased phagocytic activ-
ity promoted without increasing ROS by IHT can be bene-
ficial to ischemic stroke patients, especially during the early
recovery phase.

In summary, the results of this study support that
IHT induces the M2 microglia phenotype in the in vitro
OGD-reoxygenation stress model. This finding could be
beneficial in the long-term recovery of patients who suf-
fered from ischemic stroke. Possibly, IHT protects the
microglia from the ischemic stroke and subsequent reper-
fusion so that more microglia gets involved in the early
healing procedure. Importantly, 24h after the ischemic
stroke occurs, IHT also increases the anti-inflammatory
phenotype of microglia. This regulatory function of IHT
in the induction of M2 microglia will dampen the CNS
injury that is attributed to the prolonged inflammatory
responses observed in the ischemic stroke patients. The
[HT-induced M2 microglia maintains the phagocytic activ-
ity of activated microglia and mitigates ROS generation.
Therefore, IHT can be considered as an efficient interven-
tion that could be adapted in the current rehabilitation
programs.
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