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MiRNA-190 exerts neuroprotective effects against ischemic stroke
through Rho/Rho-kinase pathway
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Abstract
Ischemic stroke is an urgent public health concern and one of the major causes of deaths and disabilities over the world.
MicroRNA (miRNA) has become a key mediator of cerebral ischemia-reperfusion (I/R) injuries. However, whether miR-190
is involved in cerebral I/R-induced neuronal damage remains unknown. This study was to investigate the role of miR-190 in the
brain I/R injury. We divided the rats into sham, I/R, control, and miR-190-mim (miR-190mimics) groups. Quantitative real-time
polymerase chain reaction (qRT-PCR), Nissl staining, flow cytometry, and western blot were conducted to examine the expres-
sion of miR-190 and cell apoptosis in different groups. The results showed that the expression of miR-190 was greatly decreased
in rats suffering with I/R. Overexpression of miR-190 significantly reduced the increased neurological scores, brain water
contents, infarct volumes, and neuronal apoptosis in rats suffering with I/R. In addition, we found that the expression of RhoA
and Rho kinase was greatly elevated in rats suffering with I/R. Bioinformatics analysis indicated that Rho was a target of miR-
190.Moreover, overexpression ofmiR-190 significantly downregulated the increasedmRNA and protein expression of Rho/Rho
kinase and cell apoptosis, while inhibition of miR-190 further upregulated the increased mRNA and protein expression of Rho/
Rho kinase and cell apoptosis in rats suffering with I/R. Furthermore, knockdown of Rho significantly downregulated the
increased mRNA and protein expression of Rho/Rho kinase and cell apoptosis, while these effects were inhibited by miR-190
inhibitors in rats suffering with I/R. These results indicate that miR-190 confers protection against brain I/R damage by modu-
lating Rho/Rho-kinase signaling.
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Introduction

Ischemic stroke is an urgent public health concern and one of
the major causes of deaths and disabilities over the world [12,
22]. An abnormal promotion in cell apoptosis may lead to
neuronal death after acute ischemic brain injuries, but its un-
derlying mechanism is not fully understood [6, 33]. The diag-
nosis of stroke depends on clinical manifestations and is

confirmed by CT or magnetic resonance examination [3,
11]. The symptoms of early ischemic stroke are mild and
difficult to distinguish from other neurological and non-
neurological disorders, which limit the chances for early diag-
nostics [9]. Therefore, accurate diagnostic methods are critical
for the treatment of ischemic stroke patients. As a multifacto-
rial disease that is affected by multiple genes and environmen-
tal factors, ischemia stroke has attracted much attention to
molecular biomarkers for ideal diagnosis for stroke [34].

MicroRNAs (miRNAs), consisting of about 20 to 22 nu-
cleotides, are small non-coding RNAs that regulate post-
transcriptional levels of gene expressions [18]. They act as a
vital role in hemostasis and thrombosis, which could occlude
cerebral arteries and cause an ischemic stroke [24]. Previous
researchers have shown that miRNAs are greatly related with
the pathogenesis of stroke by regulating oxidative stress/in-
flammation, apoptosis, and vascular endothelial function [2,
13]. For example, microRNA-124 was reported to protect
neurons against apoptosis in cerebral ischemic stroke [15,
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25]. MiR-190 has been reported to modulate cell apoptosis.
For instance, miR-190 was upregulated in Epstein-Barr virus
type I latency and modulated cell mRNAs for cell survivals
[7]. However, whether miR-190 can be utilized as a biomarker
for stroke diagnosis is largely unknown. In this study, we
focused to investigate its expression and role in ischemia
stroke tissue samples and cells.

The small GTPase Rho and its downstream effector
Rho kinase could help agonist-induced vascular contrac-
tion through Ca2+ sensitization of the contractile system
[4]. This activation could inhibit endothelial nitric oxide
synthase and affect nitric oxide generation. Massive
studies have shown that these procedures are associated
with the pathogenesis of vascular diseases and ischemia
stroke [21]. Previous researches demonstrated that
inhibiting Rho kinase could attenuate nephrosclerosis
and improve survivals in hypertensive stroke-prone rat
[20]. The bioinformatics study in our preliminary exper-
iment illustrated that miR-190 could target Rho.
Therefore, we will study the association of miR-190
and Rho in the regulation of ischemic stroke. Our re-
sults might provide a new therapeutic direction for the
treatment of ischemic stroke.

Materials and methods

Focal cerebral I/R injury model in rats

Six-week-old male SD rats (200 g) were purchased from
Shandong University. All animals were reared at room tem-
perature with a half day and half night cycle, and they were
free to eat or drink. After 7 days’ acclimation, the animals
were divided to 3 groups: normal, sham operation, and model
(I/R). The animals were anesthetized by intraperitoneal injec-
tion with 3% sodium pentobarbital (30 mg/kg), and the head
and limbs were fixed on a stainless-steel operating table. A
midline cervical incision was conducted after shaving and
sterilization. After the left internal carotid artery (ICA) was
exposed, a nylon wire was inserted. ICA was ligated. After
occlusion for 2 h, the line was removed for complete reperfu-
sion for 24 h, and a rat middle cerebral artery occlusion-
reperfusion model (MACO/R) was made. Animals in the

sham operation had ICA isolation, but no nylon surgical wire
was inserted, while rats in the normal group were not treated.
After anesthesia, neurological deficit was evaluated. Rats with
a score of 1 to 3 were employed in the experiment. The animal
use and experimental procedures in the research was approved
by the ethics committee of Shandong Provincial ENTHospital
and conducted in accordance with the animal care and guide-
lines of Shandong Provincial ENT Hospital.

Animal grouping and treatment

All rats were divided into five groups: normal (untreated nor-
mal rats), sham operation (CCA, ICA, and ECA, but un-
ligated CCA), I/R (un-transfected MCAO/R rats), control
group (MCAO/R rats injected with miR-190 NC), and miR-
190-mim (MCAO/R rats injected with miR-190-mim). We
injected miR-190-mim/control into the right ventricle using
a micro-syringe to inject at a rate of 0.2 μl/min (lateral side).
MiR-190-mim and miR-190 negative control (NC/normal)
were purchased from RiBoBio, China. Injections were con-
ducted at 2 days before MCAO/R. According to Zea Longa 5-
point scale (Table 1), the neurologic impairment of rats in each
group was scored [5].

Determination of infarct volumes

After 24-h reperfusion, the rats were anesthetized, and the
brain was dissected and sectioned. Five 1.5-mm thick sections
were cut into thin slices and stained with 1% triphenyl tetra-
zolium chloride (TTC) for half an hour and fixed in 4%
paraformaldehyde. Quantitative analysis was conducted
for lesion areas that were not stained. The infarct vol-
ume was calculated by utilizing the slice’s thickness and
determined area of the lesions.

TUNEL staining

Tissues of the normal and the model groups were dewaxed
and dehydrated. After washing, the tissues were treated by
proteinase K in a wet chamber at 37 °C for 30 min. A total
of 50 μl TUNEL was added. Transcription activator protein
was added and incubated for 30 min. Tissues were then
stained by 3,3′-diaminobenzidine (DAB), dehydrated,

Table 1 Score of neurologic
impairment of rats with cerebral
infarction

Score Degree of neurologic impairment Symptom

0 point Normal No symptom of neurologic impairment

1 point Mild focal neurologic impairment Side front paw could not stretch completely

2 points Medium focal neurologic impairment Rotated inwards when walking

3 points Severe focal neurologic impairment Tilted inwards when walking

4 points Critical neurologic impairment Failed to spontaneously walk and loss of consciousness
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permeabilized, and sealed. Using a microscope, 5 non-
overlapping areas were selected in the ischemic area, and the
number of cells was measured.

QRT-PCR

RNA was extracted from the hippocampus utilizing
miRNeasy Kit (217004, Qiagen, Germany). The cells were
stored at − 80 °C and reversely transcribed to cDNA utilizing
the TaqMan Kit (4427975, Applied Biosystems, USA). The
reaction conditions for PCR were pre-denaturation at 95 °C
for 15 min, denaturation at 95 °C for 10 s, annealing at 60 °C
for 20 s, and extension at 72 °C for 20 s in 40 cycles utilizing
β-actin as an internal reference. QRT-PCRwas conducted and
2-ΔΔCt represented the relationship of target gene expressions.
The primers were displayed in Table 2.

Western blot

In each group, proteins were extracted from rat hippocampus,
and then quantified utilizing the BCA kit (20201ES76,
Yisheng Bio., Shanghai). A total of 25 μg protein samples
was separated by 12% SDS-PAGE and transferred to PVDF
membrane. After blocking with 5% BSA, the membrane was
treated with anti-RhoA (ab54835; 1:1000; Abcam, USA),
anti-Rho kinase (ab45171; 1:2000; Abcam, USA), and anti-
Rho kinase β (ab134181; 1:1000; Abcam, USA). The mem-
brane was treated with a goat anti-rabbit (C86-SSA004;
1:1000, Canspec, China). Chemiluminescence was subse-
quently conducted (Biomiga, USA).

Hippocampal neuron

The hippocampus of newborn SD rats (J001, Bate, China) in
24 h was isolated and digested. The mixture of tissue pieces
was transferred to a centrifuge tube, centrifuged at 1000 r/min
for 20 min. The hippocampal tissue was resuspended in 7 ml
of DMEM/F12. After filtration, we observed cell suspension
using a microscope (×100). After 48 h, the medium was
refreshed with a serum-free medium DMEM/F12 medium.
After 96 h, 0.005 g/L cytarabine was pipetted to suppress cell

growth. After 24 h, the mediums were refreshed.
Immunohistochemical staining was utilized after 8 days.

Assessment of neurobehavioral parameters

The neurological deficits (N = 6) in rats subjected to cerebral
I/R were evaluated blinded using the scales as previously de-
scribed [16]: 0 point, rats behave normally; 1 point, rats cannot
fully stretch their left front legs; 2 points, rats turn around into
a circle; 3 points, rats fall down to the left side; and 4 points,
rats cannot move by themselves, losing their consciousness.

Cell treatment

Logarithmic growth stage rat hippocampal neuron cells were
inoculated.When the confluence got 60‑80%, the cells had trans-
fection. We diluted 100 pmol miR-190-mim (miR-190 mimics),
miR-190-inh (miR-190 inhibitor), siRNA-Rho, and miR-190-
inh+siRNA-Rho negative. The negative control group was
mixed and incubated for 5 min. We diluted 5 μl Lipofectamine
2000 with 250 μl serum-free Opti-MEM, mixed them gently,
and incubated them at room temperature for 5 min. The two
dilutions were then mixed and incubated for 20 min at room
temperature before being added to the plate wells. After culturing
in 37% 5% CO2 for 6‑8 h, the mixture was cultured for 24‑48 h.
Cells were divided as untreated normal hippocampal neuron cell,
blank group with un-transfected oxygen-glucose deprivation/
reperfusion (OGDR)-treated hippocampal neuron cell, and NC
group of miR-190 negative control sequence transfected OGD-
treated hippocampal neuron cell, miR-190-mim group, miR-
190-inh group, siRNA-Rho group, and miR-190-inh+siRNA-
Rho group. All reagents were purchased from Gene
Pharmaceutical, China. To mimic ischemia-like diseases
in vitro, hippocampal neuron cell had 2-h OGD/24-h reoxygen-
ation. The cells were transferred to an anaerobic chamber
(Thermo Electron LED GmbH, Germany) at 37 °C under hyp-
oxic conditions. The culture mediumwas replaced with glucose-
free DMEM (Gibco, USA) and the cells were maintained in a
hypoxic chamber for 2 h. After 2 h of OGD exposure, the cells
were reoxygenated for 24 h in a growth medium maintained
under normoxic conditions. The normal control groupwas stored
in a growth medium under normoxic conditions.

Table 2 Primer sequences
utilized in qRT-PCR Gene Forward primer (5′-3′) Reversed primer (5′-3′)

miR-190 GGGTGATATGTTTGATATATTAGG CAGTGCGTGTCGTGGAGT

U6 GCTTCGGCAGCACATATACTAAAAT CGCTTCACGAATTTGCGTGTCAT

RhoA AGCCTGTGGAAAGACATGCTT TCAAACACTGTGGGCACATAC

Rho kinase α TGCCAAGACCAAGGA GAGGCGTCAGCAGACAGAT

Rho kinase β TGCCTCATCGTCTTCA GCCCTTAATGTCCACGATTTC

β-actin ACGGTCAGGTCATCACTATCG GGCATAGAGGTCTTTACGGATG
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Detection of luciferase reporter gene

We inserted the Rho 3′-UTR fragment containing the miR-
190 binding site or the corresponding mutant generated by
mutating the miR-190 region binding site into the pmirGLO
dual-luciferase miRNA target expression vector (Promega,
USA). The recombinant construct was co-transfected with
miR-190-mim or NC miRNA. Luciferase activity was deter-
mined utilizing a luminometer.

Nissl staining

The tissue paraffin sections were dewaxed and hydrated. After
washing with distilled water, the sections were stained with
0.25% toluidine blue (Sinopharm Group; 71041284) at 60 °C
for 3 h. The remaining dye solution was quickly washed with
ultra-pure water, and then the sections were washed with 95%
ethanol, dehydrated with absolute ethanol, made transparent
with xylene (Sinopharm Group; 10023418), and then
mounted with neutral gum (Sinopharm Group; 10004160).
The sections were observed, and images were captured under
an upright fluorescence microscope (Olympus BX53, Tokyo,
Japan). The number of Nissl bodies/mm2 was analyzed by the
ImageJ 5.0 software (Rawak Software Inc., Stuttgart,
Germany). The above analysis was completed by three re-
searchers who were blinded to the treatments.

Flow cytometry

At 48-h transfections, cells were trypsinized without EDTA
and collected in a flow tube, and had centrifugation. It was
then washed and centrifuged again to remove the supernatant.
Annexin V-FITC (K201-100, BioVision, USA), PI, and
HEPES buffers were utilized at a ratio of 1:2:50. Cells were
resuspended in 100 μl staining solution and incubated for
15 min after 1 ml of HEPES. The signal was observed by
the flow cytometer.

Statistical analysis

Shapiro-Wilk test was used to test whether the data distribu-
tion conforms to normality. The normally distributed variables
were described as mean ± SD. Otherwise, variables were de-
scribed as median (Q1, Q3). Independent t test or Mann-
Whitney U test was performed as appropriate to compare the
differences in scale or ordinal variables between the two
groups. Statistical analysis was conducted utilizing SPSS
21.0. Difference between 2 groups was analyzed by t test,
and > 2 groups were evaluated by one-way ANOVA. A value
of < 0.05 was statistically significant.

Results

MiR-190 inhibited brain I/R injuries

To investigate the neuroprotective effects of miR-190, we
firstly examined the expression of miR-190 in rats suffering
from ischemic stroke. The results illustrated that miR-190 ex-
pression was decreased in MCAO-treated rats compared with
normal or sham operation group (p < 0.01), while miR-190
expression was increased in rats treated with miR-190-mim
compared with normal or sham group (p < 0.01) (Fig. 1a). The
results illustrated that miR-190-mim effectively reduced neu-
rological scores, brain water content, infarct volume, and neu-
ronal apoptosis in comparison with I/R or the control group
(Fig. 1b‑e, p < 0.05, p < 0.01). Our data provided solid sup-
ports for the neuroprotection effects of miR-190 on the brain
I/R injuries.

Rho was a direct target of miR-190

The qRT-PCR results illustrated no obvious variation in
mRNA expression of RhoA and Rho kinase in sham operation
and normal group. For the I/R group, the expression of RhoA
and Rho kinase was greatly elevated (Fig. 2a, p < 0.05).
Western blot illustrated no obvious variation in the protein
expression of RhoA and Rho kinase in the sham operation
and the normal group. For the I/R group, the expression of
RhoA and Rho kinase was greatly elevated in comparison
with the normal and sham group (Fig. 2b, p < 0.05,
p < 0.01). The microRNA.org bioinformatics showed that
miR-190 could target Rho (Fig. 2c). We conducted a double
luciferase reporter assay. Rho 3′-UTR containing wild-type
(WT) or mutant (MT) putative miR-190 binding site was
inserted into a reporter vector co-transfected with miR-190-
mim into 293 T cells. The results revealed that overexpression
of miR-190 greatly reduced the luciferase activity of the re-
porter vector containing WT Rho 3′-UTR (Fig. 2d, p < 0.01).
However, overexpression of miR-190 had no obvious effect
on the luciferase activity of reporter vectors containing mutant
Rho 3′-UTR (Fig. 2d). These results indicated that miR-190
bound directly to Rho 3′-UTR by predicting the binding site.

Expression of miR-190 and Rho/Rho kinase after
transfection

We found the effect of miR-190 on the mRNA and protein
expression of RhoA and Rho kinase related to the Rho/
Rho-kinase pathway. Hippocampal neurons had OGD/R
for 2 h and then recovered for 24 h to simulate I/R-like
conditions. RT-PCR revealed that miR-190 expression
was greatly reduced, while Rho expression was greatly
elevated in all other groups compared with the normal
group (Fig. 3a, p < 0.05, p < 0.01). Compared with the
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blank and the NC group, miR-190 expression in the miR-
190-mim was greatly elevated (p < 0.01), and miR-190 ex-
pression in the miR-190-inh was greatly reduced
(p < 0.01). In addition, the expression of Rho, Rho kinase
α, and Rho kinase β in miR-190-mim and siRNA-Rho was
greatly reduced (p < 0.05), and Rho expression in the miR-
190-inh group was greatly elevated (p < 0.05), while there
was no obvious variation in the miR-190-inh+siRNA-Rho
group (Fig. 3a, p > 0.05). The results of western blots
(Fig. 3b) revealed that in contrast to the normal group,
the protein expression of Rho, Rho kinase α, and Rho
kinase β in the other group was elevated (p < 0.01).
Compared with the NC group, the expression of Rho,
Rho kinase α, and Rho kinase β in the miR-190-mim
group and siRNA-Rho group was greatly reduced
(p < 0.05); Rho expression in the miR-190-inh group was
greatly elevated (p < 0.05). There was no obvious variation
in the miR-190-inh+siRNA-Rho group (p > 0.05). Our data
indicated that miR-190-inh could greatly elevate the ex-
pression of Rho, Rho kinase α, and Rho kinase β.

Nissl staining of transfected neurons between
different groups

Then, the molecular mechanism of neuroprotection of miR-
190 against brain I/R injuries was further studied with Nissl
staining. The results illustrated that in the normal group, hip-
pocampal neurons were closely packed. In the miR-190-inh+
siRNA-Rho group, many Nissl corpses were ruptured, apo-
ptosis occurred, and live neurons were greatly reduced. In the
miR-190-mim and siRNA-Rho, neurons were compact. In the
miR-190-inh group, neurons were scattered, many Nissl
corpses are ruptured, and many hippocampal neuron cells un-
dergo apoptosis (Fig. 4). Compared with the blank group and
the NC group, the average optical density of the miR-190-
mim and the siRNA-Rho group was greatly reduced, while
that of miR-190-inh group was greatly elevated (p < 0.05).
Blank, NC, and miR-190-inh+siRNA-Rho had no obvious
variation in density (p > 0.05). Our data illustrated that over-
expression of miR-190 or inhibition of Rho greatly decreased
neuronal deaths.

Fig. 1 Neuroprotection effects of miR-190 on the brain I/R injuries
in vivo. a Expression of miR-190 in rats measured by qRT-PCR. b
Neurobehavioral results measured by the Zea Longa 5-point scale. c
Brain water content. d Infarct volume measured by TTC staining. e The

apoptosis rate of neurons in the rat hippocampus measured by TUNEL
staining (× 400). Rod = 50 μm. In contrast to the normal or sham opera-
tion group, N = 6 per group, * p < 0.05, ** p < 0.01; # p < 0.05, ##
p < 0.01 vs. I/R or control group
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Fig. 3 Expression of miR-190 and Rho/Rho kinase after transfection in
rat hippocampal neuron cell. a MiR-190 expression measured by qRT-
PCR and mRNA expression of Rho/Rho-kinase pathway-related mole-
cules. b Protein expression of Rho/Rho-kinase pathway-related

molecules measured by western blot. Data are expressed as mean ± SD.
N = 6 per group, * p < 0.05, ** p < 0.01 vs. normal group; # p < 0.05, ##
p < 0.01 with blank or NC group

Fig. 2 Rho might be a target gene for miR-190. a MRNA expression of
RhoA and Rho kinase in rat measured by qRT-PCR. b Protein expression
of RhoA and Rho kinase in rats measured by western blot. c Binding

sequences of miR-190 and Rho-3′-UTR. d Luciferase activities of Rho
WT and Rho MT in the transfection groups. N = 6 per group, * p < 0.05,
** p < 0.01 vs. normal, false, or NC
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Apoptosis of neurons transfected between different
groups

From Fig. 5, results illustrated that the apoptotic rates of the 7
groups (normal, blank, NC, miR-190-mim, miR-190-inh,
siRNA-Rho, and miR-190-inh+siRNA-Rho) were as follows:
8.97 ± 1.16%, 19.59 ± 2.21%, 18.83 ± 1.16%, 13.47 ± 1.55%,
27.99 ± 2.39%, 13.28 ± 1.76%, and 18.29 ± 1.74%.
Compared with the normal group, the apoptotic neurons of
the other groups were greatly elevated (p < 0.05, p < 0.01).
In contrast to the blank group and the NC group, the miR-
190-mim group and the siRNA-Rho group demonstrated a
great decrease (p < 0.05), while the miR-190-inh group illus-
trated a promotion (p < 0.01). There was no obvious variation
in the apoptosis rate of the inhibitor+siRNA-Rho group. It was
revealed that miR-190 could enhance the cell apoptosis but si-
Rho attenuates this effect.

Discussion

In this study, we confirmed the important role of miR-190 in
stroke caused by ischemia reperfusion. The results showed
that the expression of miR-190 was greatly decreased in rats

suffering with I/R. Overexpression of miR-190 significantly
reduced the increased neurological scores, brain water con-
tents, infarct volumes, and neuronal apoptosis in rats suffering
with I/R. The results of bioinformatics analysis and luciferase
analysis indicated that Rho was a direct target of miR-190.
Further results showed that miR-190 inhibited cell apoptosis
through the Rho/Rho-kinase pathway.

Studies have shown that miRNAs can play a role in regu-
lating gene expression by regulating the translation process of
their target mRNAs, thereby participating in various biologi-
cal phenomena such as cell differentiation, proliferation, and
vascular regeneration [18]. Altering miRNAs have been im-
plicated in the pathogenesis of various diseases including
stroke [8]. MiR-190 has been confirmed to be dysregulated
in many tumors [14, 28, 30–32]. Previous studies have shown
that MiR-190 is dysregulated in patients with Alzheimer’s
disease [23], Parkinson’s disease [26], and chronic heart fail-
ure [27], and plays an important role in resisting neuronal
damage and promoting vascular endothelial proliferation. In
the brain injury model, miR-190 was significantly downregu-
lated [17]. Ischaemic stroke, the most universal kind of stroke,
may arise while a blood vessel or neuronal damage in the brain
is occluded. Numerous evidences prompt that miR-190 may
be a potential target for the treatment of stroke. In I/R group,

Fig. 4 Nissl staining of
transfected neurons in different
groups in rat hippocampal neuron
cell. Nissl staining of neurons in 7
groups of normal, blank, NC,
miR-190-mim, miR-190-inh, si-
Rho, and miR-190-inh+si-Rho
(400 times). Rod = 50 μm. Data
are expressed as mean ± SD. *
p < 0.05, ** p < 0.01 vs. normal
group; # p < 0.05 with blank or
NC group
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miR-190 was significantly downregulated, suggesting that
miR-190 may be related to stroke caused by ischemia
reperfusion.

MACO/R is used to establish ischemic strokemodel. In our
study, it was found that the overexpression of miR-190 miti-
gated cerebral infarct size and improved neurological function
in cerebral I/R. Therefore, our subsequent experiments were
performed to identify the specific mechanisms of miR-190-
mim treatment.

To further investigate the potential mechanisms of miR-
190 in cerebral ischemia reperfusion, the expression of pro-
teins in RhoA signaling pathway was detected. We identified
that the inhibition of RhoA signaling pathway by miR-190
contributed to anti-apoptosis post ischemia reperfusion. The
RhoA/Rho-kinase signaling pathway is an important way to
block regeneration in the adult central nervous system (CNS)
[10, 19] and neuron apoptosis [29] after stroke. Bioinformatics
and luciferase analysis showed that miR-190 targeted RhoA.

After ischemia stroke, the excessive production of free radi-
cals, Ca2+ overload, and excitatory toxicity might lead to neu-
ron cell apoptosis [1]. The small GTPase Rho and its down-
stream effector Rho kinase could contribute to agonist-
induced vascular contraction via Ca2+ sensitization of the con-
tractile system [4]. In the acute phase of the disease, neurons
of the ischemic lesion die quickly, while other neuron groups
in the ischemic penumbra are vulnerable to secondary injury.
In this study, when the expressions of miR-190 and Rho were
both inhibited, the hippocampal neuronal cell damage and
apoptosis rate of hippocampal neurons caused by the inhibi-
tion of miR-190 were reduced.

There were several limitations in this study. Rho was pre-
dicted as a target of miR-190 using the microRNA.org
bioinformatics, which was then confirmed by the double
luciferase reporter assay. In terms of our study, the results
provided by the research indicated that miR-190 conferred
protection against brain I/R damage by modulating Rho/

Fig. 5 Cell apoptosis of transfected neurons in different groups.
Comparison of apoptotic rates after the transfection of the 7 groups of
cells in normal, blank, NC, miR-190-mim, miR-190-inh, si-Rho, and

miR-190-inh+si-Rho. Data are expressed as mean ± SD. N = 3 per
group, * p < 0.05, ** p < 0.01 vs. normal group; # p < 0.05, ## p < 0.01
with blank or NC group
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Rho-kinase signaling. Of course, considering the regulatory
functional complexity of miRNAs in a range of organisms,
miR-190 may also interact with other mRNAs during cerebral
I/R, which remains to be further explored.

Conclusion

This study indicates that miR-190 confers protection effects
against brain I/R damage by modulating Rho/Rho-kinase
signaling.
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