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Baihui (DU20)-penetrating-Qubin (GB7) acupuncture
regulates microglia polarization through miR-34a-
5p/KIf4 signaling in intracerebral hemorrhage rats
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Abstract: Intracerebral hemorrhage (ICH) is the most devastating subtype of stroke with high morbidity and
mortality. The previous study has confirmed the therapeutic effect of Baihui (DU20)-penetrating-Qubin (GB7)
acupuncture on ICH, while the related mechanism is left to be revealed. The aim of this study was to investigate
the relevant mechanisms. ICH rat models were established utilizing the autologous blood injection method and
the beneficial effect was found after DU20-penetrating-GB7 acupuncture along with decreased miR-34a-5p levels
in the perihemorrhagic penumbra. Inversely, upregulating miR-34a-5p expression inhibited microglia M2 polarization
while accelerated M1 polarization through targeting Krtippel-like factor 4 (Kif4), and thereby diminished the protective
effect of DU20-penetrating-GB7 acupuncture on ICH. The results suggested the therapeutic effect of DU20-
penetrating-GB7 acupuncture on ICH might be attributed to its modulation on microglia polarization through miR-
34a-5p/KIf4 signaling.
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Introduction

Intracerebral hemorrhage (ICH) is a life-threatening
neurologic injury accounting for 10% to 20% of stroke
cases globally [1, 2]. ICH is the frequent type of spon-
taneous intracranial haemorrhage, followed by subarach-
noid haemorrhage and isolated intraventricular haemor-
rhage [3]. It is roughly considered that the incidence of
reported ICH cases is up to 24.6 per 100,000 people
annually and approximately 2 million individuals are
affected by this devastating disease [4, 5]. Sex, hyperten-

sion, diabetes, alcohol intake and antiplatelet or antico-
agulant medication application are the important risk
factors [6]. Apart from the high incidence, ICH is the
most serious and the worst functional outcomes after
recovery. Poor prognosis of ICH contributes a lot to the
high mortality with 1-year survival rate is probably 46%
while 5-year survival rate is only 29% as stated [7]. Most
ICH survivors have a high risk of recurrence and suffer
varying degrees of disability, including mobility disor-
ders and consciousness decrease [3]. Besides, there is
an elevated risk of vascular events, epilepsy and demen-
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tia in ICH patients [8]. Among current therapeutics,
medical and surgical interventions are the common
therapy, however, there is no recognized treatment that
can significantly improve the prognosis of ICH. Hence,
it is urgent to investigate the pathogenesis of ICH and
thereby developing efficient treatment for ICH.
Increasing evidences suggest that aggravated inflam-
matory response plays an essential role in facilitating
ICH-related neurologic injury [9]. In addition, inflam-
matory cytokines released by abnormally activated mi-
croglia are the key section to aggravate the nerve injury
in the central nervous system (CNS) [10]. It is well
understood that microglia, one of the innate immune
cells in CNS, are the major phagocytes and serve as
guardians for neuronal survival and function under nor-
mal physiological conditions [11]. It is interesting to note
that the effect of microglia in CNS is dual in neurologi-
cal diseases, such as ICH [12, 13], spinal cord injury
[14] and acute brain injury [15]. On one hand, emerging
evidence suggests that the abnormally released chemo-
kines, cytokines and other immunoregulatory molecules
initiating secondary brain injury are primarily derived
from the activated microglia [16]. On the other hand, the
released molecules of microglia also involve in the repair
processes of brain [17]. This phenomenon is due to the
fact that microglia is highly plastic cells with two phe-
notypes, which may be harmful or beneficial to the in-
jured site according to microenvironmental changes [18].
In respond to ICH and other brain injury, microglia is
activated and developed classic proinflammatory (M1
phenotype) microglia and alternative anti-inflammatory
(M2 phenotype) microglia [19, 20]. The preceding evi-
dences suggest that microglia and macrophages tend to
develop M1 phenotype than M2 phenotype, even though
the markers for M1 and M2 phenotype are all increased
in the acute phase of brain injury [21]. Therefore, we
speculate that regulating microglia polarization may be
a potentially effective strategy for ICH treatment.
Recent studies have indicated that acupuncture pos-
sesses obvious therapeutic effect on patients with ICH
[22, 23]. At present, the beneficial effects of Baihui
(DU20)-penetrating-Qubin (GB7) acupuncture have
been confirmed in many experiments [24-26]. Although
the neuroprotective effect of DU20-penetrating-GB7
acupuncture is basically clear, few research teams pay
close attention to its mechanism on ICH. Studies have
found that miR-34a-5p expression is up-regulated in the
blood of stroke patients [27]. Besides, miR-34a overex-
pression in cerebrovascular endothelial cells disrupts
blood-brain barrier permeability [28]. MiR-34a-5p over-
expression can destroy blood-brain barrier and induce
mitochondrial dysfunction, inversely, miR-34a-5p
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knockdown inhibits neuronal apoptosis, and thereby at-
tenuating cerebral ischemia-reperfusion injury in rats
[28]. However, the role of miR-34a-5p in ICH has not
been left to be revealed. Since the Bioinformatics web-
site TargetScan (www.targetscan.org) predicts the bind-
ing site of miR-34a-5p and Kriippel-like factor 4 (KIf4)
mRNA, moreover, K/f4 possesses the ability to promote
M2 polarization in macrophages [29, 30]. Inspired by
the above background, we assume whether DU20-pen-
etrating-GB7 acupuncture can alleviate nerve injury
after ICH via promoting M2 polarization through miR-
34a-5p/Klf4 signaling cascade in microglia.

Materials and Methods

Ethical statement

The animals used in this study were taken care of
according to Guide for the Care and Use of Laboratory
Animals (NIH, 8th). The experimental procedure was
approved by ethics committee of Heilongjiang Mental
Hospital Limited Company.

Animals and treatment

Healthy adult male Sprague-Dawley (SD) rats at the
age of eight weeks were utilized to duplicate ICH mod-
el using the autologous blood injection method accord-
ing to the previous study [31]. The rats were anesthetized
with intraperitoneal injection of pentobarbital sodium
(50 mg/kg), and autologous blood injection was used to
induce ICH. In short, 50 ul autologous blood was col-
lected from the tail vein. The rat was fixed on the brain
stereotaxic instrument in the prone position, exposed the
bregma, drilled the skull (3.5 mm on the right side and
0.2 mm on the back of the bregma). Micro-syringe was
inserted into the brain tissue with a depth of 6 mm, the
50 ul autologous blood was injected at the rate of 20 ul
/min. Finally, the micro-syringe was retained in the brain
tissue for 5 min before removal. Rats in Sham group
were drilled at the same location and injected with the
same volume of normal saline. 1 h later, the ICH rats
were exposed to DU20-penetrating-GB7 acupuncture
for 30 min for 3 consecutive days.

For the miR-34a-5p intervention, agomiR-34a-5p or
control agomiRNA (agomiR-NC) lentivirus (5 ul, 1 x
10° TU/ml) was injected into the lateral ventricle (0.8
mm after anterior fontanelle, 1.5 mm right suture and
4.5 mm deep) 7 days before autologous blood injection.
The procedure of lentivirus injection was similar to that
for autologous blood injection. In brief, after anesthesia
with pentobarbital sodium (50 mg/kg) via intraperito-
neal injection, the rat was fixed in the prone position on
the brain stereotaxic instrument, exposed the bregma,
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drilled the skull (1.5 mm on the right side of the sagittal
suture, 0.8 mm posterior to the bregma, 4.5 mm below
the skull). 20 uM agomiR-34a-5p or 5 ul agomiR-NC
was injected in the brain tissue at the rate of 0.5 xl /min
via a 26-gauge needle of a micro-syringe.

According to the Berderson’s score [32], the Neuro-
logical function deficiency of the rats was assessed at
the final day of DU20-penetrating-GB7 acupuncture.
Afterwards, the rats were euthanized with intraperito-
neal injection of pentobarbital sodium (200 mg/kg). The
brains were carefully isolated on ice and the wet weight
was recorded. Finally, the brains were kept in an oven
at 100°C for 24 h to get the dry weight and the ratio of
dry to wet weight represented brain water content.

Perihemorrhagic penumbra location was affirmed ac-
cording to the previous literature with appropriate adjust-
ments [33]. After the whole brain was isolated, the
coronal section was made 3 to 9 mm from the anterior
segment of the frontal lobe, and the remaining 6 mm
thick brain tissue was collected. Afterwards, this brain
tissue was cut at 2 mm along the sagittal suture, the re-
maining lateral brain tissuse was selected. The brain
tissue was cut again at 2 mm along the sagittal suture
and at an angle of 30 degrees with the sagittal suture.
Finally, the remaining 2 mm thickness brain tissue was
perihemorrhagic penumbra.

HE staining

Briefly, the brain were carefully isolated on ice, fixed
in 4% paraformaldehyde and embedded in paraffin
blocks. After sectioned into 5 ym-in thick samples by a
rotary microtome, the samples were stained with hema-
toxylin solution (Solarbio, Beijing, China) and counter-
stained with eosin (Sangon, Beijing, China) according
to the manufacture’s instruction. The pathologic change
in the perihemorrhagic penumbra after ICH was ob-
served under a light microscopy at 200% magnification.

Fluoro-Jade B staining

The aforementioned brain sections were used to detect
neuronal apoptosis by using Fluoro-Jade B staining kits
(Merckmillipore, Burlington, MA, USA) and all the
procedures were in accordance with the manufacture’s
instruction. Finally, the Fluoro-Jade B (FJB)-positive
cells were counted under a fluorescence microscope at
400x magnification.

Immunofluorescence

In brief, the aforementioned brain sections were
blocked in goat serum for 15 min, incubated in rabbit
anti-CD32 (dilution: 1:50, Santa Cruz Biotechnology,
Dallas, TX, USA) and mouse anti-Iba-1 (dilution: 1:300,

Abcam, Cambridge, UK) or rabbit anti-CD206 (dilution:
1:200, Proteintech, Wuhan, China) and mouse anti-Iba-1
(dilution: 1:300, Abcam) over night at 4°C, and sub-
jected to Cy3-labeled IgG antibody (dilution: 1:200,
Beyotime Institute of Biotechnology, Shanghai, China)
and FITC labeled IgG antibody (dilution: 1:200, Beyo-
time Institute of Biotechnology) for 90 min at room
temperature. Finally, 4°, 6-diamidino-2-phenylindole
(DAPI, Biosharp, Hefei, China) was used to visualize
the nuclei and the target protein was observed under a
fluorescence microscope at 400x magnification. Immu-
nofluorescence was quantified by counting the number
of co-stained cells. The number of co-stained cells was
counted in three random fields.

Terminal deoxynucleotidyl transferase-mediated
dUTP (2-deoxyuridine 5-triphosphate) nick-end
labeling (TUNEL) assay

The brain sections were subjected to In Situ Cell Death
Detection Kit (Roche, Basel, Switzerland). After all the
procedure required by the manufacture’s instruction, the
sections were immersed in goat serum for 30 min, incu-
bated in mouse anti-NeuN (dilution: 1:400, abcam) over
night at 4°C, Cy3-labeled IgG antibody (dilution: 1:200,
Beyotime Institute of Biotechnology) for 60 min at room
temperature. The co-localization of TUNEL and NeuN
was observed under a fluorescence microscope at 400x
magnification.

ELISA

The brain tissues in the perihemorrhagic penumbra
were homogenized in ice-cold normal saline (NS) and
centrifuged at 2,500 rpm at 4°C for 10 min to collect the
supernatant. The protein concentration of the supernatant
was determined by BCA protein assay kit (Beyotime
Institute of Biotechnology). The levels of IL-4 in the
perihemorrhagic penumbra were measured by commer-
cial ELISA kits (USCN KIT INC., Wuhan, China) and
all the procedures were implemented with manufactur-
er’s instruction.

RT-PCR analysis

The total RNA in the perihemorrhagic penumbra was
extracted using the high purity total RNA rapid extrac-
tion kit (BioTeke, Beijng, China) and quantified by an
ultraviolet spectrophotometer. The isolated RNA was
transcribed into the relevant cDNA by miR-34a-5p stem-
loop RT primer or respective primer, the expression
levels of miR-34a-5p and KIf4 were detected by RT-PCR
utilizing Taq HS Perfect Mix (Takara, Dalian, China)
and SYBR Green (Takara) in an Exicycler 96 System
(Bioneer, Daejeon, Korea). 5S and -actin were used as
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the internal reference. The data was analyzed by 2-AACT
method.

The primers for RT-PCR were as follows:

MiR-34a-5p stem-loop RT primer: 5’-GTTG-
GCTCTGGTGCAGGGTCCGAGGTATTCGCAC-
CAGAGCCAACACAACC-3’; Forward: 5’-GGACTTG-
GCAGTGTCTTAGCTG-3";
5’-GTGCAGGGTCCGAGGTATTC-3’

Kif4 Forward: 5’-GGAGCCCAAGCCAAAGAGG-3’;
Reverse: 5’-CGTCCCAGTCACAGTGGTAAGGT-3’

Reverse:

Western blotting analysis

The total protein in the perihemorrhagic penumbra
was extracted using the RIPA lysis buffer (Beyotime
Institute of Biotechnology) and quantified by a BCA
protein assay kit (Beyotime Institute of Biotechnology).
After separation by 8%, 10% or 15% SDS-PAGE gel,
the protein was transferred to an equilibrated polyvi-
nylidene difluoride (PVDF) membrane (Thermo Fisher
Scientific, Rockford, IL, USA) and blocked in 5% bovine
serum albumin (BSA, Biosharp) for 1 h at the room tem-
perature. Afterwards, the PVDF membranes were incu-
bated in specific primary antibodies at the predetermined
dilution over night at 4°C, anti-mouse horseradish per-
oxidase (HRP) labelled secondary antibody (Proteintech,
category No: SA00001-1) or anti-rabbit HRP labelled
secondary antibody (Proteintech, category No: SA00001-
2) for 45 min at 37°C, and finally visualized using che-
miluminescence (ECL, 7 Sea biotech, Shanghai, China)
kits in Gel-Pro-Analyzer system. B-actin was used as the
internal reference.

The primary antibodies for western blotting were as
follows:

Mouse anti-CD206 (dilution: 1:1,000), CD32 (dilution:
1:500), B-actin (dilution: 1:2,000), rabbit anti-Ibal (dilu-
tion: 1:1,000), iNOS (dilution: 1:500), Arg-1 (dilution:
1:500), IL-4 (dilution: 1:1,000) and KIf4 (dilution: 1:500).

Dual-luciferase reporter assay

TargetScan (www.targetscan.org) was used to predict
the targeted binding between miR-34a-5p and K/f4 3’-
UTR. HEK293T cells were co-transfected with miR-
34a-5p mimics or control mimics and wild-type (WT)
Klf4 3°-UTR or mutant-type (MUT) KIf4 3’-UTR re-
porter plasmid (Wanlei Biological Technology Co., Ltd.,
Shenyang, China). Afterwards, luciferase activity was
etected by Dual-Luciferase assay kit (KeyGENBio-
TECH, Nanjing, China).

Statistical analysis
Data are reported as means + SD and analyzed by
one-way analysis of variance (ANOVA) followed by
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Tukey’s multiple comparison test. P value less than 0.05
was regarded statistically significant.

MiR-34a-5p counteracted the therapeutical effects
of Baihui-penetrating-Qubin acupuncture in ICH rats

The positive effects of Baihui-penetrating-Qubin acu-
puncture on ICH in rats have been affirmed in the previ-
ous research, but the specific mechanism remains to be
revealed. In order to confirm whether miR-34a-5p played
an important role in this pathological process, we in-
jected agomiR-34a-5p into the lateral ventricle before
establishing ICH model. As is shown in Fig. 1A, neuro-
logical deficits were alleviated with Baihui-penetrating-
Qubin acupuncture treatment, however, the neuroprotec-
tive effects could be counteracted by miR-34a-5p
overexpression (P<0.05). In addition, the intraventricu-
lar injection of agomiR-34a-5p inhibited the decrease in
cerebral edema after Baihui-penetrating-Qubin acupunc-
ture (Fig. 1B, P<0.05). The data showed that miR-34a-5p
overexpression diminished the therapeutic effects of
Baihui-penetrating-Qubin acupuncture in ICH rats, in-
dicating miR-34a-5p might be an important molecule in
ICH pathological process.

Effects of miR-34a-5p on Kif4 expression in the
perihemorrhagic penumbra of ICH rats with Baihui-
penetrating-Qubin acupuncture treatment

As the results shown in Fig. 2A, the levels of miR-34a-
5p were increased in the perihemorrhagic penumbra after
ICH injury, which could be decreased by Baihui-pene-
trating-Qubin acupuncture. Besides, the intraventricular
injection of agomiR-34a-5p significantly increased miR-
34a-5p expression in the perihemorrhagic penumbra,
suggesting the in vivo transfection was effective. Contrary
to the trend of miR-34a-5p expression, the mRNA and
protein levels of K/f4 were decreased with miR-34a-5p
overexpression (Figs. 2B and C, P<0.05), suggesting K/f4
might be one of the targets of miR-34a-5p.

MiR-34a-5p crippled the anti-apoptotic effects of
Baihui-penetrating-Qubin acupuncture in the
perihemorrhagic penumbra of ICH rats

In sequence, the histopathological detection in the
brain was implemented. As shown in Fig. 3A, ICH-re-
lated pathological alteration, including inflammatory
infiltration and necrosis, were markedly lower after
Baihui-penetrating-Qubin acupuncture in ICH rats,
whereas this phenomenon could be subverted by miR-
34a-5p overexpression. The results of Fluoro-Jade B
staining showed that the apoptotic neurons were in-
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Fig. 1. MiR-34a-5p counteracted the therapeutical effects of Baihui-penetrating-Qubin acupuncture
in intracerebral hemorrhage (ICH) rats. (A) The average score of neurological function in ICH
rats with Baihui-penetrating-Qubin acupuncture after miR-34a-5p treatment. (B) Ratio of dry
to wet brain weight in ICH rats with Baihui-penetrating-Qubin acupuncture after miR-34a-5p
treatment. Data are reported as means + SD (n=6) and analyzed by one-way analysis of vari-
ance (ANOVA) followed by Tukey’s multiple comparison test. ¥ P<0.05 vs. the indicated group.
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Fig. 2. Effects of miR-34a-5p on K/f4 expression in the perihemorrhagic penumbra of intracerebral hemorrhage (ICH) rats with Baihui-
penetrating-Qubin acupuncture treatment. (A) The relative miR-34a-5p expression in the perihemorrhagic penumbra of ICH rats
with Baihui-penetrating-Qubin acupuncture treatment. The mRNA (B) and protein (C) levels of KIf4 in the perihemorrhagic
penumbra of ICH rats with Baihui-penetrating-Qubin acupuncture treatment. Data are reported as means + SD (n=6) and analyzed
by one-way analysis of variance (ANOVA) followed by Tukey’s multiple comparison test. *P<0.05 vs. the indicated group.
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Fig. 3. MiR-34a-5p crippled the anti-apoptotic effects of Baihui-penetrating-Qubin acupuncture in the perihemorrhagic
penumbra of intracerebral hemorrhage (ICH) rats. (A) Representative images of H&E staining in the perihemorrhagic
penumbra of ICH rats at 200% magnification. (B) Representative Fluoro-Jade B staining in the perihemorrhagic
penumbra of ICH rats at a 400x magnification. (C) Immunofluorescence targeting TUNEL and NeuN (neuron
marker) in the perihemorrhagic penumbra of ICH rats at 400x magnification. (D) Quantification of Fluoro-Jade
B-positive cells in the perihemorrhagic penumbra of ICH rats. (E) Quantification of TUNEL and NeuN-positive
cells in the perihemorrhagic penumbra of ICH rats. Data are reported as means + SD (n=6) and analyzed by one-way
analysis of variance (ANOVA) followed by Tukey’s multiple comparison test. *P<0.05 vs. the indicated group.
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creased in the perihemorrhagic penumbra with agomiR-
34a-5p pre-injection (Figs. 3B and D, P<0.05). As de-
in Figs. 3C and E,
immunofluorescence targeting TUNEL and NeuN was
similar to Fluoro-Jade B staining (P<0.05). The result
illustrated miR-34a-5p was involved in the anti-apop-
totic effect of Baihui-penetrating-Qubin acupuncture in
the perihemorrhagic penumbra of ICH rats.

scribed the result of

Effects of miR-34a-5p on microglia polarization in
the perihemorrhagic penumbra of ICH rats with
Baihui-penetrating-Qubin acupuncture treatment

Since microglia is the sources of inflammatory cyto-
kine in central nervous system, microglia polarization
was evaluated in the present experiments. As shown in
Figs. 4A and B, the markers of M1 microglia, such as
CD32 and iNOS (P<0.05), were enhanced with agomiR-
34a-5p administration in IHC rat treated with Baihui-
penetrating-Qubin acupuncture. On the contrary, the M2
microglia markers (Arg-1, CD206 and IL-4) in the peri-
hemorrhagic penumbra were decreased with miR-34a-5p
overexpression (P<0.05). Moreover, as exhibited in Fig.
4G, the expressions of CD32 in Iba-1-positive cells were
decreased after Baihui-penetrating-Qubin acupuncture
treatment compared with ICH rats, whereas the inhibit-
ing effects of acupuncture on M1 microglia polarization
were diminished by miR-34a-5p overexpression. Simi-
larly, the expression of CD206, marker of M2 microglia
polarization, showed the opposite trend (Fig. 4H). The
results of this section suggested that miR-34a-5p reduced
the therapeutic effects of Baihui-penetrating-Qubin acu-
puncture on IHC via regulating microglia polarization
in the perihemorrhagic penumbra.

Targeted binding between miR-34a-5p and Kif4 3'-
UTR

To study the underlying molecular mechanism be-
tween miR-34a-5p and Klf4, Dual-Luciferase reporter
assay was carried out. As shown in Fig. 5A, relative
firefly luciferase activity was obviously reduced in co-
expressed miR-34a-5p and wild-type KIf4 3°-UTR
(P<0.05). The results confirmed the hypothesis that miR-
34a-5p negatively regulated K/f4 level via targeted bind-
ing KIf4 3°-UTR.

It is well accepted that acupuncture as a bright pearl
of Chinese traditional medicine plays a significant role
in the treatment of multifarious diseases, including
stroke, chronic pain and even depression. Acupuncture
has been applied in the treatment and rehabilitation of

stroke for thousands of years and its therapeutic effect
has been confirmed in clinic, but the accurate mechanism
remains to be explored. In the present study, we explored
the effect of miR-34a-5p overexpression on therapeutic
outcome of DU20-penetrating-GB7 acupuncture after
ICH in rat and evaluated the potential molecular mech-
anisms of miR-34a-5p/KIf4 signaling on microglia po-
larization. Our present results indicated that DU20-
penetrating-GB7 acupuncture mitigated ICH injury,
which was accompanied by miR-34a-5p down-regula-
tion, KIf4 up-regulation and promoted microglia M2
polarization. Surprisingly, the therapeutic effects of
DU20-penetrating-GB7 acupuncture on ICH could be
diminished by miR-34a-5p overexpression, suggesting
the pivotal role of miR-34a-5p and its target mRNA in
ICH treatment. Therefore, our work revealed that DU20-
penetrating-GB7 acupuncture mitigated ICH injury by
promoting microglia M2 polarization via regulating
miR-34a-5p/KlIf4 system in rat models.

miRNA pertains to the small non-coding RNA with
18-24 nucleotides and possesses the function of facilitat-
ing degradation or inhibiting translation of the target
genes [34]. Due to the continuously deepening research
on miRNA function, MicroRNA is found to be related
to a variety of physiological and pathophysiological
processes, such as focal cerebral ischemia [35], comor-
bid pain and depression [36]. The preceding study ex-
hibited that miR-34a-5p deficiency attenuated cognitive
deficits in Alzheimer’s disease (AD) mice [37], indicat-
ing miR-34a-5p might serve as a regulator of central
nervous system disease. Conversely, the expressions of
miR-34a-5p were found to be elevated in blood of acute
ischemic stroke patients when compared with the con-
trols [38]. Our results supported that miR-34a-5p levels
were up-regulated in the perihemorrhagic penumbra of
ICH rats with DU20-penetrating-GB7 acupuncture. Ad-
ditionally, the therapeutical effect of DU20-penetrating-
GB7 acupuncture on ICH was diminished by miR-34a-5p
overexpression accompanied by increased neurological
function deficiency and edema degree. With the aggravat-
ing neuronal apoptosis and morphological changes in the
perihemorrhagic penumbra after miR-34a-5p overex-
pression, we preliminarily inferred that miR-34a-5p
might be the key factor regulating the therapeutic effect
of DU20-penetrating-GB7 acupuncture.

Due to multiple pathways have been confirmed to be
associated with the function of miR-34a-5p, we only
study related molecules that have potential target binding
to miR-34a-5p. As a zinc-finger-containing protein, K/f4
plays an important role in a variety of physiological
processes [39], including embryonic stem cell self-re-
newal and differentiation [40]. Recently, emerging evi-
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Fig. 4. Effects of miR-34a-5p on microglia polarization in the perihemorrhagic penumbra of intracerebral hemorrhage (ICH) rats
with Baihui-penetrating-Qubin acupuncture treatment. Representative western blot for (A) CD32, (B) iNOS, (C) Arg-1,
(D) CD206 and (E) IL-4 in the perihemorrhagic penumbra of ICH rats with Baihui-penetrating-Qubin acupuncture treat-
ment. (F) IL-4 release in the perihemorrhagic penumbra of ICH rats with Baihui-penetrating-Qubin acupuncture treatment.
(G) Immunofluorescence targeting CD32 and Iba-1 (microglia marker) in the perihemorrhagic penumbra of ICH rats at
400% and 800 magnification. (H) Immunofluorescence targeting CD206 and Iba-1 (microglia marker) in the perihemor-
rhagic penumbra of ICH rats at 400x and 800x magnification. Data are reported as means + SD (n=6) and analyzed by
one-way analysis of variance (ANOVA) followed by Tukey’s multiple comparison test. * P<0.05 vs. the indicated group.
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Fig. 5. Targeted binding between miR-34a-5p and KIf4 3’-UTR.
Dual-Luciferase reporter assay was performed between
miR-34a-5p and K/f4 3°-UTR in HEK293T cells. Data are
reported as means + SD (n=3) and analyzed by one-way
analysis of variance (ANOVA) followed by Tukey’s mul-
tiple comparison test. *P<0.05 vs. the indicated group.

dence suggested that K/f4 was involved in the protective
effect of microvascular endothelial cells from ischemic
stroke injury by inhibiting apoptosis and inflammation
[41]. In line with these, K/f4 downregulation was ob-
served in the perihemorrhagic penumbra of ICH rats,
which could be upregulated by DU20-penetrating-GB7
acupuncture. Moreover, miR-34a-5p overexpression
inhibited acupuncture-induced K/f4 elevation in the peri-
hemorrhagic penumbra. Inspired by the negative cor-
relation between miR-34a-5p and KIf4 expression, we
wondered whether K/f4 was the potential target genes of
miR-34a-5p. In order to verify this hypothesis, Dual-
Luciferase reporter assay was performed and the results
confirmed the targeting binding between miR-34a-5p
and KIf4 3’-UTR. These data indicated that miR-34a-5p/
KIf4 axis activation was related to the therapeutic effect
of DU20-penetrating-GB7 acupuncture in ICH rats.
Given that microglia is responsible for the course de-
struction, restoration and regeneration in CNS [42]. It
has been reported that the pro-inflammatory microglia
(M1 phenotype) can aggravate the inflammatory re-
sponse, and thereby leading to secondary damage, while
the anti-inflammatory phenotype promotes restoration
and regeneration in the CNS [42]. As mentioned in pre-
vious study, suppressing M1 polarization of microglia
and alleviating inflammatory reaction could be an un-
derlying intervention strategy in ICH-related brain inju-

ries [43]. In our study, M1 phenotype polarization was
inhibited while M2 phenotype was promoted after
DU20-penetrating-GB7 acupuncture, which was re-
flected by polarization marker CD32, iNOS, Arg-1,
CD206 and IL-4. Besides, miR-34a-5p overexpression
could reverse the therapeutic effect of DU20-penetrating-
GB7 acupuncture, indicating the protective role of
DU20-penetrating-GB7 acupuncture might be mediated
by regulating microglia polarization.

In conclusion, our work revealed that DU20-penetrat-
ing-GB7 acupuncture alleviated ICH related neurological
function deficiency, which could be attributed to the ef-
fects of down-regulating microglia M1 polarization while
up-regulating microglia M2 polarization in the perihem-
orrhagic penumbra via miR-34a-5p/Klf4 signaling.
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