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Abstract
Background: Cerebral ischemia reperfusion (CIR) affects microRNA (miR) expression and causes
substantial in�ammation. Here, we investigated the in�uence and underlying mechanism of miR-27-3p in
rats with CIR.

Methods: Cerebral ischemia reperfusion was built by tMCAO. Rats were randomly divided into Sham
group, brain ischemic reperfusion (IR) group, brain ischemic reperfusion transfected with NC group, brain
ischemic reperfusion transfected with miR-27a-3p mimic group, brain ischemic reperfusion transfected
with miR-27a-3p inhibitor group and brain ischemic reperfusion transfected with miR-27a-3p mimic and
Litaf mimic group. The relationship between miR-27a-3p and Litaf was veri�ed via qRT-PCR and
luciferase assays. The cellular distribution of Litaf was determined via double immuno�uorescence. The
effect of miR-27a-3p on the expression of Litaf, TLR4, NF-κB and IL-6 was evaluated using synthetic miR-
27a-3p mimic and inhibitor. The level of Nissl’s body in each group was detected by Nissl’s staining. The
infarct in each group was evaluated by TTC staining.

Results: Firstly, BV treatment relieves cerebral infarction and decreases the levels of serum IL-1β, IL-6 and
TNF-α. Through our previous study, we found key microRNA mR-27a-3p and its targeted gene Litaf might
involve in the molecular mechanism of CIR. Then, the regulation between miR-27a-3p and Litaf was
veri�ed by the temporal miR-27a-3p and Litaf expression pro�les and luciferase assay. Moreover,
intracerebroventricular injection of the miR-27a-3p mimic signi�cantly decreased the Litaf, TLR4, NF-κB
and interleukin (IL)-6 levels and the double-labeled cell count 24 h post-surgery, whereas miR-27a-3p
inhibitor reversed these effects. Furthermore, miR-27a-3p mimic could relive cerebral infarct and
neurologic de�cit after CIR. In addition, injection of miR-27a-3p mimic decreased neuronal damage
induced by CIR.

Conclusions: Increasing miR-27-3p levels protect against CIR by relieving in�ammation, neuronal damage
and neurologic de�cit by inhibiting LITAF and the TLR4/NF-κB pathway.

Background
Stroke is one of the top ten causes of death in the world [1]. Brain ischemic stroke, one of the most
destructive types of stoke, is a leading cause of death and severe disability in adults worldwide [2–4] and
becoming a prominent public health risk [5, 6]. Generally, vascular recanalization to obtain timely
reperfusion is the preferred treatment in clinical practice. However, reperfusion can induce further
unexpected brain injury, termed cerebral ischemia reperfusion injury (CIR) [7]. In�ammatory is an
important factor during ischemic stroke [8, 9]. Thus, anti‐in�ammatory therapy may lessen neurological
de�cits by ischemic stroke and it may serve as a potential therapeutic strategy following ischemic stroke
[6].

Biliverdin (BV), a metabolite of heme catabolism, shows a protective role in lung graft injury, hemorrhagic
shock and resuscitation‐induced lung injury via anti‐in�ammatory and antioxidant mechanisms [10–12].
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Previous study indicated that exogenously administered carbonic oxide (CO) and BV have potent
cytoprotective role on intestinal ischemia reperfusion injury [13]. Moreover, BV treatment can relieve CIR in
rats, and the mechanism may be associated with the downregulation of proin�ammatory factors [12].
While previous studies have focused on the anti‐in�ammatory mechanism of BV, the molecular network
upstream and downstream of BV remains unclear.

MicroRNAs (miRNAs) are a group of single-stranded non-coding RNAs with 20 ~ 22 nt in length and
widely expressed in eukaryotes [14, 15]. MiRNAs have been suggested to exert their function by binding to
the 3’UTRs of their target mRNAs at post-transcriptional level [16]. Studies have shown that several
miRNAs can dramatically alter normal physiological processes and are involved in the pathogenesis of
human diseases [17]. Accumulating evidence has demonstrated that aberrant expression of miRNAs play
critical roles in central nervous system injury [18–20]. Among the miRNAs, miR-27-3p has been widely
studies due to its important role in regulating in�ammation and innate immune pathway [21–24].
However, little is known about the function of miR-27-3p in the interaction with lipopolysaccharide
induced TNF factor (LITAF) in rat with CIR. Here, through our previous study, we found that BV treatment
induced the upregulation of miR-27a-3p in cortex tissues in rats with cerebral ischemia reperfusion.
Functional studies showed that improves neuron injury and neurologic impairment after cerebral
ischemia reperfusion by inhibiting LITAF and the TLR4/NF-κB pathway.

Materials And Methods

Animals and groups
The Sprague-Dawley (SD) rats used in the study were purchased from the Laboratory Animal Research
Center of Kunming Medical University. All experiments were approved by the Ethics Committee of
Kunming Medical University. The SD rats were given free access to food and water and were housed at
room temperature (22±2℃) with 45-50% humidity and a 12h light/dark cycle. Experiment 1: rats were
randomly divided into Sham group, brain ischemic reperfusion (IR) group and brain ischemic reperfusion
with BV treatment (BV) group. Experiment 2: rats were randomly divided into Sham group, brain ischemic
reperfusion (IR) group, brain ischemic reperfusion transfected with NC (NC) group, brain ischemic
reperfusion transfected with miR-27a-3p mimic (IR+miR-27a mimic) group, brain ischemic reperfusion
transfected with miR-27a-3p inhibitor (IR+miR-27a inhibitor) group and brain ischemic reperfusion
transfected with miR-27a-3p mimic and Litaf mimic (IR+miR-27a mimic+Litaf mimic) group.

Transient middle cerebral artery occlusion model and BV
treatment
The right middle cerebral artery was occluded according to the standard operation procedures for
transient middle cerebral artery occlusion (tMCAO) rat model [25, 26]. Brie�y, animals were anaesthetized
with 5 mg/kg xylazine HCl and 40 mg/kg ketamine HCl by an intraperitoneal (ip) injection. The right
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common carotid artery (RCCA), right externalcarotid artery, and right internal carotid artery were isolated
for inserting the nylon mono�lament (diameter 0.24 mm; Johnson & Johnson, New Brunswick, NJ, USA).
The mono�lament was �xed in position tightly and then the incision was sutured. Rat body temperature
was maintained at 36.5±0.5˚C using a heating lamp. A laser Doppler system (Peri‐Flux System 5000;
Perimed, Jarfalla, Sweden) was used to supervise regional cerebral blood �ow (rCBF). Rats in the Sham
group underwent the same procedures without inserting a nylon thread. After 2 h of tMCAO, CBF was
recovered by removing the nylon thread, and the incision was closed. BV was diluted in saline and
injected (35 mg/kg ip) to rats 15 min prior to reperfusion, then once again 4 h after reperfusion, and twice
per day thereafter [12, 27]. In the Sham and IR groups, the same volume of saline was injected in the
same way.

Intracerebroventricular injection of a synthetic miR-27-3p
Rats were intracerebroventricularly injected with virus vector (NC), miR-27a-3p mimic, miR-27a-3p
inhibitor, miR-27a-3p mimic and LITAF mimic 7 days prior to CIR. The processes of injections were
performed as previously described [28]. According to the manufacturer’s guidelines, we
intracerebroventricularly infused 15 μL of a synthetic miR-27-3p mimic, miR-27-3p inhibitor and a control
mimic to regulate in vivo miR-27a-3p expression. After anesthetization with 5 mg/kg xylazine HCl and 40
mg/kg ketamine HCl, a stainless-steel microinjector was stereotaxically put into the left lateral ventricle at
0.6 mm posterior to bregma, 1.3 mm lateral from middle and 5.0 mm vertically from the skull surface.
Intracerebroventricular injection were repeatedly performed for 3 days prior to ischemia.

Assessment of infarction volume
After 2h ischemia and 24h reperfusion, the animals were sacri�ced, and the brains were coronally
sectioned into 2-mm-thick in a rat brain matrix and stained in 2% 2,3,5-triphenyltetrazolium chloride (TTC)
solution before �xation in 10% formalin overnight. The infarction area was imaged with a scanner and
analyzed using Image J 1.4 (National Institute of Health, Bethesda, MD, USA). Infarct size was calculated
and expressed as a percentage by using the following formula to eliminate effects of edema as described
previously [29]: [(contralateral volume)−(ipsilateral undamaged volume)]×100/(contralateral volume).

Enzyme-linked immunosorbent assay (ELISA)
Both IL-1β, IL-6 and TNF-α in peripheral blood of rats in Sham, IR and BV groups were detected by ELISA.
Refer to the kit instructions for speci�c detection steps.

Luciferase assay
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Luciferase reporter assay was performed for investigating the relationship between miR-27a-3p and
LITADF. Brie�y, cells were co-transfected with 100ng LITAF 3’UTR wild type (WT) or LITAF 3’UTR-Mutant
(Mut) plasmid, 5ng Renilla, and 2 μg mimics NC or miR-27a-3p expression plasmid all combined with
LipofectamineTM 2000 reagent (supplied by Ribobio, Guangzhou, China). After cells were cultured for
24h at 37℃ with 5% CO2, they were washed and lysed according to the manufacturer’s protocol (Ribobio,
Guangzhou, China). Finally, �uorescence value was detected using �uorescence light meter.

NSS score
Rats from the three groups were scored by an evaluator with modi�ed neurological severity scores (NSS),
as previously reported [30], at day 6h, 12h, 24h and 48h post‐reperfusion. The NSS includes four
physiological function evaluation scores: Feeling, movement, re�ection and balance. Score 1‐4 indicates
mild injury, 4‐8, moderate injury, and 8‐12, severe injury. The neural behavioral test was conducted by an
evaluator that was blinded to the treatments.

Water content of brain tissues
After 24 h of reperfusion, animals in Sham, NC group, IR group, IR+miR-27 mimic group, IR+ miR-27a-3p
inhibitor group and IR+ miR-27a mimic+Litaf mimic group were anesthetized. Brains were extracted and
weighed. Subsequently, tissue was dried at 105 °C for 24 h, and the dry weight documented. The % of
brain water content was calculated using the following equation.

Double immuno�uorescence analysis
Double immuno�uorescence analysis was performed to detect LITAF and a neuronal marker (NeuN) and
a microglial marker (Iba1) as previously described [2]. Brie�y, 5 μm-thick sections were incubated
overnight at 4℃ with the primary rabbit anti-LITAF (1:100, Abcam) and rat anti-NeuN (1:100, Abcam), rat
anti-Iba1 (1:100, Abcam) antibodies. Then, the sections were incubated with Alexa 488-conjugated goat
anti-rabbit IgG (1:500) and Alexa 594-conjugated goat anti-rat IgG (Molecular Probes, MA, USA) for 2 h at
room temperature. Additionally, the interaction between LITAF and TLR4/NF-κB/IL-6 was explored using
primary rabbit anti-LITAF and rat anti- TLR4/NF-κB/IL-6 antibodies as described above. Images were
captured using a Leica confocal microscope (Leica Microsystems, Buffalo Grove, IL, USA).

Nissl staining and neuron count
Rats were subjected to deep anesthesia after neurological deficit examination. After perfusion, the brain
was fixed for 48h, dehydrated, and embedded in wax. Coronal slices at 25μm thick were set for Nissl
staining and immunofluorescence staining trials. The experiment was performed in accordance with the
instruction of Nissl staining kit (Solarbio, China). After dehydrated with alcohol and then immersed in
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xylene, brain slices were stained with thionine. Then, cell morphological alteration of cortex was observed
by microscopy. Number of surviving neurons in the cortex was recorded via neurons count.

Real-time �uorescence quantitative PCR
After total RNA was extracted from cortex in different groups using the Trizol reagent (Invitrogen), total
RNA was reversely transcribed into cDNA using RT reagent Kit (TAKATA, Japan). Then, q-PCR analysis
was performed to quantify the expression level of miR-27a-3p and LITAF using an SYBR Green RT-PCR
Master Mix kit (TAKARA, Japan), respectively. The primers were shown as follow. Then the reaction was
performed at 95℃ for 2min; and circulated 40 times at 95℃ for 15s, 60℃ for 30s and 60℃ for 40s. The
�uorescence were collected and recorded after �nishing 40 cycles. All reaction was processed on real
time �uorescent quantitative PCR (ABI 7500). The cycle number (Ct) was obtained for each independent
ampli�cation reaction. The relative gene expression levels were calculated using the comparative Ct
(△△Ct) method, where the relative expression is calculated as 2-△△Ct.

Western blot
Cortex from different groups were plated in 60-mm tissue culture plates. After the tissues were washed
twice with cold PBS, total protein were extracted by adding 100μl lysis buffer (BD Biosciences, San Jose,
CA) with protease inhibitor cocktail (Calbiochem, La Jolla, CA). Then, after the proteins were separated on
a SDS-PAGE gel for 2h at 350mA, they were transferred to PVDF membranes for 2h at 350mA. After the
transfer was completed, the PVDF membranes were washed with 1×TBST, and then placed in 5% BSA
and slowly swayed for 2h. Then, the PVDF membranes were incubated with different primary antibodies
Litaf (Abcam, 1:2000), TLR4 (1:1000), p-p65(1:1000), p-65(1:1000), IL-6 (1:500) and β-actin (1:1000)
overnight at 4℃, respectively. Afterwards, the PDVF membranes were incubated with the secondary
antibody (1:2000) for 2h at room temperature after they were rapidly washed three times with 1×TBST for
5min. Finally, after the PVDF membranes were washed three times with 1×TBST for 5min, they were
scanned in Alpha Innotech (BioRad) with ECL.

Statistical analysis
All data were expressed as the mean ± standard deviation (SD). Statistical comparisons were performed
between two groups using t-test and among multiple groups by ANOVA. A value of P < 0.05 was
considered to be statistically signi�cant.

Results

BV treatment relieves cerebral infarction and decreases the
levels of serum IL-1β, IL-6 and TNF-α
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TTC staining was used to detect the cerebral infarction volume at 24h after reperfusion to verify whether
BV administration could improve functional de�cits in rats with CIR. We found that the infarct volume
percentage (%) in IR group was signi�cantly larger than that in Sham group (P<0.05, Fig. 1A and 1B). The
infarct volume percentage (%) in BV group was obviously reduced than that in IR group (P<0.05, Fig. 1B),
suggesting that BV could relieve cerebral infarct caused by cerebral ischemia reperfusion injury.
According to the results of ELISA, the rats in IR group had a higher levels of IL-1β, IL-6 and TNF-α in the
serum than those in the Sham group, while the levels of IL-1β, IL-6 and TNF-α in the serum in BV group
were evidently decreased compared with those in IR group (P<0.05, Fig. 1C).

BV treatment induced abnormal microRNAs expression
We used microRNA microarray analysis to detect the expression pro�les of miRNAs in cortex tissues
isolated from rats in Sham, IR and BV groups in our previous study. According to the results of miRNA
microarray, we selected the top 10 differentially expressed miRNAs to perform for heatmap (Fig. 2A).
miRWalk, miRDB and TargetScan databases were used to predict the targeted genes of miR-27a-3p.
There are 838, 667, 990 targeted genes of miR-27a-3p from miRWalk, miRDB and TargetScan databases
(Fig. 2B), among them, 42 genes are common. Then, Cytoscape was used to draw interaction network
between miR-27a-3p and its common targeted genes (Fig. 2C).

GO and KEGG pathway analysis of targeted genes of miR-
27a-3p
To explicit the biological function of miR-27a-3p, we performed for GO analysis of 42 targeted genes of
miR-27a-3p. We found that the top 10 biological processes (BP) of 42 targeted genes of miR-27a-3p were
cellular macromolecule metabolic process, cellular protein modi�cation process, cellular response to
stress, macromolecule modi�cation, positive regulation of biological process, positive regulation of
cellular process, protein modi�cation process, regulation of nucleobase containing compound metabolic,
regulation of striated muscle tissue development and response to stress. The top 10 cellular component
(CC) were intracellular membrane bounded organelle, intracellular organelle, intracellular organelle lumen,
membrane bounded organelle, membrane enclosed lumen, nuclear lumen, nuclear part, nucleus, organelle
and organelle lumen. The top 10 molecular function (MF) were kinase activity, phosphotransferase
activity, protein binding, protein kinase activity, receptor activator activity, receptor agonist activity,
receptor regulator activity, transcription factor activity, transcription factor activity and protein binding
and transferase activity (Fig. 3A).

To reveal the pathways of miR-27a-3p, we performed for KEGG pathway analysis of 42 targeted genes of
miR-27a-3p. Results showed that the top 5 pathways of 42 targeted genes of miR-27a-3p were p53
signaling pathway, Wnt signaling pathway, mTOR signaling pathway, cGMP-PKG signaling pathway and
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regulation of autophagy (Fig. 3B). Among them, the targeted gene LITAF of miR-27a-3p mainly involved
in p53 signaling pathway and regulation of autophagy.

LITAF as a target of miR-27a-3p
The target sites of miR-27a-3p in the 3’UTR of LITAF were shown in Fig. 4A. In order to experimentally
con�rm information, portions of the 3’UTR of these potential targets were cloned into pGL3 control vector,
downstream of luciferase-coding sequences. The recombinational plasmids of 3’UTR of LITAF-WT or
3’UTR of LITAF-MUT were co-transfected with miR-27a-3p or miR-27a-3p (mimic NC) and Renilla into
cells. The relative luciferase activity was decreased in cells co-transfected with miR-27a-3p and 3’UTR of
LITAF compared with cells co-transfected with mimic NC and 3’UTR of LITAF, there is no signi�cant
difference in relative luciferase activity between cells co-transfected with mimic NC and 3’UTR of LITAF-
MUT compared with cells co-transfected with miR-27a-3p and 3’UTR of LITAF-MUT (Fig. 4B). These
results suggested that miR-27a-3p can negatively regulate LITAF.

Temporal expression of miR-27-3p and LITAF after CIR
The CIR-induced changes in the miR-27-3p and LITAF expression levels were examined for 24 h post-
surgery. MiR-27-3p expression was obviously downregulated with time and reached its lowest levels at
both 24 and 48 h after CIR compared with the levels in the Sham group (Fig. 5A, P < 0.05). Likewise, the
LITAF expression levels were signi�cantly increased beginning from 6 h after IR, and this high level
reached its highest levels at 24 and 48h after CIR maintained throughout the observation period (Fig. 5B,
P < 0.05), suggesting a potential negative correlation between miR-27-3p and LITAF expression (Fig.5C).

Expression levels of miR-27a-3p and LITAF in cortex of rat
transfected with lentivirus
Seven day after transfected lentiviru, qRT-PCR was used to detect relative expression levels of miR-27a-3p
and Litaf in rats. We found that relative expression level of miR-27a-3p was increased in miR-27a-3p
mimic group (P<0.01, Fig. 6A), while decreased in miR-27a-3p inhibitor group (P<0.05, Fig. 6A). Moreover,
to investigate the effect of overexpression of Litaf on miR-27a-3p, we injected Litaf mimic at the same.
We found that relative expression of Litaf was increased in Litaf mimic group (Fig. 6B).

MicroRNA-27a-3p relives neurologic de�cit after cerebral
ischemia reperfusion
To determine the effect of miR-27-3p on the neurological function in rats with CIR, NSS was used to
assess the functional recovery. The NSS test was performed at 6h, 12h, 24h and 48h post‐reperfusion in
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Sham, IR, IR+NC, IR+miR-27a-3p mimic, IR+miR-27a-3p inhibitor and IR+miR-27a-3p mimic + Litaf mimic
groups. We found that NSS score showed similar tendency in six groups at four sampling time (Fig. 7A).
We focus the NSS scores in six groups at 24h post-reperfusion. Compared with the Sham group,
functional de�cits were impaired by ischemic insult in the IR group at 6h, 12h, 24h and 48h
post‐reperfusion (P<0.01; Fig. 7B). A slight recovery of neurological functions was observed in the
IR+miR-27a-3p mimic group, while a slight exacerbation of neurological functions was found in the
IR+miR-27a-3p inhibitor and IR+miR-27a-3p mimic + Litaf mimic groups at 6h, 12h, 24h and 48h
post‐reperfusion (Fig. 7B). Therefore, it can be concluded that miR-27a-3p mimic effectively decreased
cerebral infarction volume and may improve functional recovery.

MiR-27a-3p mimic relieves cerebral infarct induced by CIR
TTC staining was used to detect the cerebral infarction volume at 24h after reperfusion to verify whether
miR-27a-3p mimic administration could improve functional de�cits in rats with CIR. We found that the
infarct volume percentage (%) in IR group was signi�cantly larger than that in Sham group (P<0.05, Fig.
8A and 8B). The infarct volume percentage (%) in IR+miR-27a-3p mimic group was obviously reduced
than that in IR group (P<0.05, Fig. 8B), while in IR+miR-27a-3p inhibitor was increased than that in IR
group, suggesting that miR-27a-3p overexpression could relieve cerebral infarct caused by cerebral
ischemia reperfusion injury.

MiR-27a-3p mimic inhibits the �uorescence signal for LITAF
in neuron and microglial cell
As shown in Fig. 9A and 9B, the majority of the �uorescence signal for LITAF in the IR group was
localized in the cells positive for NeuN and Iba1 (cells with yellow signals) at both 24 h after IR.
Representative photomicrographs and quanti�cation showed that miR-27a-3p mimic injection
signi�cantly decreased LITAF immunoreactivity and the number of LITAF-positive double-labeled cells in
the neurons and microglia (Fig. 9A, 9B and 9C, P<0.05), while increased LITAF immunoreactivity and the
number of LITAF-positive double-labeled cells was observed with miR-27a-3p inhibitor injection, no such
change was observed with miR-27a-3p control injection (IR+NC group). These effects in response to miR-
27a-3p mimic were also increased by the addition of LITAF mimic (Fig. 9A, B, C, P < 0.05). No signi�cant
differences were found between the IR and IR+NC groups (P > 0.05).

MiR-27a-3p mimic deceases neuronal damage induced by
CIR
After 24h of reperfusion, Nissl staining was employed to exhibit morphological alterations in cortex.
Normal neurons were polygonal and the nissl bodies were blue patches in the cytoplasm in Sham group
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(Fig. 10A), while nissl bodies were dissolved in IR group (Fig. 10A). However, in IR+miR-27a-3p mimic
group, these changes were rare (Fig. 10A). Neurons count in cortex examined the quantity of positive
stained neurons (Fig. 10B). Compared with Sham group, surviving neurons count of IR declined
significantly. Surviving neurons were increased obviously after injection of miR-27a-3p mimic, while
decreased obviously after injection of miR-27a-3p inhibitor (Fig.10B).

MiR-27a-3p modulate Litaf to release IL-6
Double immuno�uorescence analysis was used to verify whether miR-27a-3p could regulate Litaf to
release IL-6. We found that Litaf/IL-6 were both co-expressed at 24h after reperfusion in cortex of rats
(Fig. 11A). Litaf/IL-6 double positive cells were increased in IR and IR+NC groups compared with those in
Sham group (P<0.05) (Fig. 12B and C). After addition of miR-27a-3p mimic, Litaf/IL-6 double positive
cells were decreased than those in IR and IR+NC group (P<0.05, Fig. 12B and C). Litaf/IL-6 double positive
cells in IR+miR-27a-3p mimic+Litaf mimic groups were increased compared with those in IR+miR-27a-3p
group (Fig. 11B and C). Western blot was used to detect the effect of miR-27a-3p on the protein
expression of IL-6. We found that the relative protein expression levels of IL-6 were increased in IR and
IR+NC groups compared with these in Sham group (P<0.05, Fig. 11D-E). While, after injection of miR-27a-
3p mimic, relative protein expression levels of IL-6 were decreased in IR+miR-27a-3p compared with these
IR and IR+NC group (P<0.05, Fig. 11D-E). ELISA results showed that serum IL-6 level was increased in IR
and IR+NC group than that in Sham group (P<0.05, Fig. 12F). After addition of miR-27a-3p inhibitor,
serum IL-6 level was increased than that in IR and IR+NC group (P<0.05, Fig. 11F), the same result was
seen in IR+miR-27a-3p mimic+Litaf mimic group (P<0.05, Fig. 11F).

MiR-27a-3p regulates Litaf through TLR4/NF-κB
Double immuno�uorescence analysis was used to verify whether miR-27a-3p could regulate Litaf though
TLR4/NF-κB signal pathway. We found that Litaf/TLR4, Litaf/ NF-κB were both co-expressed (Fig. 12A-
B). Western blot was used to detect the effect of miR-27a-3p on the protein expression of Litaf, TLR4, NF-
κB, p-p65 and p65. We found that the relative protein expression levels of Litaf, TLR4 and p-p65 were
increased in IR and IR+NC groups compared with these in Sham group (P<0.05, Fig. 12C-D). While, after
injection of miR-27a-3p mimic, relative protein expression levels of Litaf, TLR4 and p-p65 were decreased
in IR+miR-27a-3p compared with these IR and IR+NC group (P<0.05, Fig. 12C-D).

 

Discussion
CIR injury, one of the major causes of death from stoke in the world, not only causes tremendous damage
to human health, but also brings heavy economic burden to family and society [31, 32]. CIR injury is a
complex pathological process, and a study found that neuronal injury in the brain is an important cause
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of reperfusion injury [33, 34]. Therefore, how to protect brain neuronal cells from CIR injury is an
important research.

Here, �rstly, we injected BV into rats prior to reperfusion. We found that BV could relieve cerebral infarct
caused by CIR injury at 24h post-reperfusion. Previous study indicated BV administration decreased
cerebral infarction volume at 48h post-reperfusion [12, 27]. Meanwhile, BV administration could decrease
the levels of serum IL-1β, IL-6 and TNF-α compared with these in IR group. Previous study demonstrated
that BV could decrease the expression of IL-1β, IL-6 and TNF-α at mRNA and protein levels [27]. Our
results further con�rmed previous studies.

Numerous studies have indicated that expressions of miRNAs would be changed in the brain in response
to CIR [35-37]. Thus, elucidation of speci�c miRNA is regarded as a potential target against CIR injury. In
the study, we found a key miR-27a-3p and its targeted Litaf might participate in the molecular mechanism
of CIR. MiR-27a-3p has been identi�ed to be implicated in several types of human malignancies,
including thyroid cancer [38], breast cancer [39], gastric cancer [40] and esophageal cancer [41]. LITAF is
a mediator of local and systemic in�ammatory responses [42] and is locally upregulated in many
in�ammatory diseases, such as Crohn disease and ulcerative colitis [43]. Our study �rstly con�rmed the
regulation between miR-27a-3p and Litaf by the luciferase assay, temporal miR-27a-3p and Litaf
expression pro�les in rats with CIR injury.

Our results indicated that miR-27a-3p mimic could relive cerebral infarct and neurologic de�cit after CIR,
while miR-27a-3p inhibitor led to the opposite results. Previous study indicated that
intracerebroventricular injection of miR-494 agomir reduced cerebral infarct volume at the acute stage of
MCAO [44]. MiR-421 antagomir signi�cantly decreased infarction volumes in rats with CIR injury[45].
Inhibition of miR-30a, even at 90 min post onset of middle cerebral artery occlusion, reduced infarct
volume [46]. MiR-199a-5p improved neurological de�cit of rats with CIR injury [47]. MiR-181a inhibition
neurologic de�ct in female mice subjected to middle cerebral artery occlusion [48]. These results
suggested that miRNAs involved in improving the injury caused by CIR.

Intracerebroventricular injection of the miR-27a-3p mimic signi�cantly decreased the mRNA expression of
Litaf and IL-6, and serum IL-6 at 24 h post-surgery, whereas miR-27a-3p inhibitor reversed these effects.
IL-6 is pleiotropic cytokine involved in many central nervous system disorders including stroke, and
elevated serum IL-6 was found in acute stroke patients [49] and rats with CIR injury [50].
Intracerebroventricular injection of the miR-27a-3p mimic signi�cantly decreased the TLR4 and NF-κB
levels and the double-labeled cell count 24 h post-surgery, whereas miR-27a-3p inhibitor reversed these
effects. Previous study indicated that cipro�oxacin and levo�oxacin attenuate microglia in�ammatory
response by TLR4/NF-κB pathway [51]. Curcumin administration may improve neuroin�ammatory
outcomes by decreasing microglia/macrophage activation and neuronal apoptosis through
TLR4/MyD88/NF-κB [52]. MiR-146a inhibited the in�ammatory response of rheumatoid arthritis
�broblast-like synoviocytes by down-regulating TLR4/NF-κB pathway [53]. Our study is the �rst time to
report that miR-27a-3p could attenuate in�ammatory by inhibiting Litaf via TLR4/NF-κB pathway.
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Conclusions
BV treatment relieves cerebral infarction and decreases the levels of serum IL-1β, IL-6 and TNF-α. Through
bioinformatics prediction, we found that key mR-27a-3p and its targeted gene Litaf might involve in the
molecular mechanism of CIR. Then, the regulation between miR-27a-3p and Litaf was veri�ed by the
temporal miR-27a-3p and Litaf expression pro�les and luciferase assay. Moreover, intracerebroventricular
injection of the miR-27a-3p mimic signi�cantly decreased the Litaf, IL-6, TLR4 and NF-κB levels and the
double-labeled cell count 24 h post-surgery, whereas miR-27a-3p inhibitor reversed these effects.
Furthermore, miR-27a-3p mimic could relive cerebral infarct and neurologic de�cit after CIR. In addition,
injection of miR-27a-3p mimic decreased neuron injury induced by CIR. Increasing miR-27-3p levels
protect against CIR by relieving in�ammation, neuronal damage and neurologic de�cit by inhibiting LITAF
and the TLR4/NF-κB pathway (Fig. 13).
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Figure 1

TTC staining and ELISA in the experimental groups. A Images of TTC staining in Sham, IR and BV
groups. B The infarction volume % of cerebral hemisphere in the three groups. C Levels of serum IL-1β, IL-
6 and TNF-α detected by ELISA. ***P<0.05, IR group vs Sham group, #P<0.05, BV group vs IR group.
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Figure 2

A Heatmap of the top 10 differentially expressed miRNAs in Sham, IR, and BV groups. The color code in
the heat maps is linear with green as the lowest and red as the highest expression. B Venn diagram of
targeted genes of miR-27a-3p got from miRWalk, miRDB and TargetScan databases. C Network between
miR-27a-3p and its 42 targeted genes.
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Figure 3

A GO analysis of 42 targeted genes of miR-27-3p. B KEGG pathway analysis of 42 targeted genes of miR-
27-3p.

Figure 4

Identi�cation of miR-27a-3p target site. UP: Schematic representation of the predicted interaction between
miR-27a-3p and LITAF. A Pairing of miR-27a-3p to both 3’UTR of LITAF-WT and 3’UTR of LITAF-MUT. B
Luciferase activity was measured in both wild type and mutant (MUT) LITAF 3’UTR and miR-27a-3p co-
transfected cells. ***P<0.05 versus the control miR.
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Figure 5

Time course of CIR-induced alterations in the miR-27a-3p and LITAF expression levels in rats with CIR
injury. A Quanti�cation of miR-27a-3p expression. B Quanti�cation of LITAF expression. C Correlation
analysis of miR-27a-3p and LITAF expression.
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Figure 6

Time course of CIR-induced alterations in the miR-27a-3p and LITAF expression levels in rats with CIR
injury. A Quanti�cation of miR-27a-3p expression. B Quanti�cation of LITAF expression. C Correlation
analysis of miR-27a-3p and LITAF expression.

Figure 7
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NSS test results in the six groups. A Modi�ed NSS score in Sham, IR, IR+NC, IR+miR-27a-3p mimic,
IR+miR-27a-3p inhibitor and IR+miR-27a-3p mimic + Litaf mimic groups at 6h, 12h, 24h and 28h after
cerebral ischemia reperfusion. B Modi�ed NSS score in Sham, IR, IR+miR-27a-3p mimic, IR+miR-27a-3p
inhibitor and IR+miR-27a-3p mimic + Litaf mimic groups at 24 after cerebral ischemia reperfusion. Data
are presented as mean ± standard deviation (n=3).

Figure 8

TTC staining in the experimental groups. A Images of TTC staining in Sham, IR and BV groups. B The
infarct volume % of cerebral hemisphere in the three groups.
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Figure 9

Effects of the miR-27a-3p mimic and inhibitor on LITAF expression in neuron and microglia of the cortex
after CIR. A Representative �uorescence images showing the localization of the �uorescence signals for
LITAF in neurons at 24h after CIR. Arrows indicate co-localization. Scale bars=20 μm. B Representative
�uorescence images showing the localization of the �uorescence signals for LITAF in microglia at 24h
after CIR. Arrows indicate co-localization. Scale bars=20 μm. C Quanti�cation of LITAF-positive neurons
and microglia in the cortex at 24h after CIR. Data are expressed as the mean ± SD.
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Figure 10

Drug treatment effect on the morphological alterations of Nissl staining in cortex after CIR injury. A:
Representative images of Nissl staining in Sham, IR, IR+NC, IR+miR-27a-3p mimic, IR+miR-27a-3p
inhibitor and IR+miR-27a-3p mimic + Litaf mimic groups. B Percentage of Nissl positive cells in different
groups.
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Figure 11

Effect of miR-27a-3p on the expression of Litaf/IL-6 at 24h after CIR. A Representative �uorescence
images of the distribution of Litaf (red), IL-6 (green), nuclei (blue) and Merge (yellow). B Representative
�uorescence images of the distribution of Litaf (red), IL-6 (green), nuclei (blue) and Merge (yellow) in
Sham, IR, IR+NC, IR+miR-27a-3p mimic, IR+miR-27a-3p inhibitor and IR+miR-27a-3p mimic + Litaf mimic
groups. D Representative western blots of Litaf and IL-6 in Sham, IR, IR+NC, IR+miR-27a-3p mimic,
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IR+miR-27a-3p inhibitor and IR+miR-27a-3p mimic + Litaf mimic groups. β-actin was used as a loading
control. E Quanti�cation of the relative protein expression of Litaf and IL-6 at 24 h after CIR in Sham, IR,
IR+NC, IR+miR-27a-3p mimic, IR+miR-27a-3p inhibitor and IR+miR-27a-3p mimic + Litaf mimic groups. F
Serum IL-6 level in Sham, IR, IR+NC, IR+miR-27a-3p mimic, IR+miR-27a-3p inhibitor and IR+miR-27a-3p
mimic + Litaf mimic groups.

Figure 12

Effect of miR-27a-3p on the expression of TLR4/NF-κB at 24h after CIR. A Representative �uorescence
images of the distribution of Litaf (red), TLR4 (green), nuclei (blue) and Merge (yellow). B Representative
�uorescence images of the distribution of Litaf (red), NF-κB (green), nuclei (blue) and Merge (yellow). C
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Representative western blots of Litaf, TLR4, p-p65 and p65 in Sham, IR, IR+NC, IR+miR-27a-3p mimic,
IR+miR-27a-3p inhibitor and IR+miR-27a-3p mimic + Litaf mimic groups. β-actin was used as a loading
control. D Quanti�cation of the relative protein expression of Litaf, TLR4, p-p65 and p65 at 24 h after CIR
in Sham, IR, IR+NC, IR+miR-27a-3p mimic, IR+miR-27a-3p inhibitor and IR+miR-27a-3p mimic + Litaf
mimic groups.

Figure 13

Experimental process showing miR-27-3p protect against CIR injury by relieving neuronal damage,
cerebral infarct and neurologic de�cit by inhibiting LITAF and the TLR4/NF-κB pathway


