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ABSTRACT
Several studies have reported that microRNA (MIR) is involved in the pathogenesis and progression of ischemic diseases, including cerebral
ischemia, and that MIR-22 may inhibit the inflammatory response and cell apoptosis, which contribute to ischemia/reperfusion (I/R) injury.
However, the specific function of MIR-22 in cerebral I/R injury remains far from clear. This study aimed to examine the potential protective
effect of MIR-22 against cerebral I/R injury and its mechanism. As predicted, adenovirus-mediated MIR-22 overexpression markedly reduced
the neurological score and infarct size (P< 0.05). We demonstrated that MIR-22 overexpression resulted in a reduction in inflammatory
cytokines TNF-a, IL-6, COX-2, and iNOS, whereas the level of IL-10 was enhanced. MIR-22 overexpression significantly inhibited NF-kB
activity by decreasing NF-kB coactivator NCOA1 expression. Furthermore, we found that MIR-22 could reduce the apoptotic rate of cortical
neurons. Caspase-3 activity was inhibited byMIR-22, and the expression of the anti-apoptosis gene Bcl-2 in neurons was increased and that of
the pro-apoptosis gene Bax decreased following MIR-22 overexpression. Our results suggest that MIR-22 could be used to treat cerebral I/R
injury and that its neuroprotective effect may be attributed to a reduction in inflammation and apoptosis. J. Cell. Biochem. 116: 233–241,
2015. © 2014 Wiley Periodicals, Inc.
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Ischemic brain injury threatenshumanhealthandlife, causinghigh
mortality and long-termdisability [Hackett et al., 2000;Rosamond

et al., 2008]. Cerebral ischemia-reperfusion (I/R) injury is increasingly
recognized as a complication of restoring bloodflow to ischemic brain
tissue [Hallenbeck and Dutka, 1990]. Ischemia-reperfusion injury is
the main cause of the aggravation of cerebral injury and functional
impairment, andalso leads torevascularizationandcerebral infarction
after thrombolysis [Schaller and Graf, 2004]. Accumulating evidence
has demonstrated that excess calcium inside neurocytes, the excessive
formation of free radicals, the cytotoxic effect of excitatory amino
acids and cascade inflammatory reactions are the main factors
contributing to cerebral I/R injury [Cao et al., 2007].

Evidence suggests that cerebral ischemia elicits an inflammatory
response that is augmented by reperfusion [Soriano et al., 1999].

Inflammatory cascade reactions, as the main cause of aggravation of
cerebral injury, have been the focus of attention [Huang et al., 2006].
Some evidence indicates that cerebral I/R injury may induce the up-
regulation of cytokine expression, inflammatory cell aggregation and
increased expression of intercellular adhesion molecules [Cao et al.,
2007]. Moreover, anti-inflammatory agents displayed a neuro-
protective effect in an animal model [Khan et al., 2004]. Additionally,
accumulating evidence suggests that cerebral I/R injury also leads to
neuronal death, especially in the hippocampal formation [Nitatori
et al., 1995]. Moreover, extensive research has shown that anti-
apoptotic reagents could attenuate cerebral I/R [Cao et al., 2011; Tao
et al., 2013].MicroRNAhasbeen found toplay an important role in the
inflammatory response and neuronal death induced by ischemia-
reperfusion injury, although the mechanism remains unclear.
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MicroRNAs (MIRs) are non-coding 19–24 nucleotide RNAmolecules
that act as negative regulators of post-transcriptional gene
expression by binding to target messenger RNAs [Ambros, 2004;
Wang et al., 2013]. Several reports have demonstrated that MIRs are
involved in the pathogenesis and progression of many ischemic
diseases, including cerebral ischemia; moreover, MIRs also hold
great therapeutic potential. There is evidence that MIRs are involved
in gene expression and function; however, little is known of their
function in I/R injury [Chang et al., 2012]. Recent studies suggested
that the expression of specific MIRs could affect neurogenesis,
neuronal differentiation, neurodevelopmental function, and neural
cell specification [Kosik, 2006; Schratt et al., 2006]. There is some
evidence thatMIR-22 protects against myocardial I/R injury through
anti-apoptosis in the rat, and that MIR-22 could inhibit the
inflammatory response by suppressing the activity of NF-kB [Takata
et al., 2011; Yang et al., 2014]. Recent studies conducted by Ana
Jovicic and colleagues showed that MIR-22 overexpression is
neuroprotective via general anti-apoptotic effects and may also
target specific Huntington’s disease-related mechanisms [Jovicic
et al., 2013]. However, limited information is available on the exact
role of MIR-22 in cerebral I/R injury in vitro.

Herein, using a focal cerebral I/R injury rat model and an oxygen-
glucose-deprivation/RP model of cultured neonatal rat cortical
neurons as our experimental model, we found that MIR-22
overexpression attenuates cerebral I/R injury. Our findings also
demonstrate that MIR-22 can prevent cerebral I/R injury through the
attenuation of inflammation and neuron apoptosis. Understanding
the mechanism by which MIR-22 promotes protection against
ischemic injury is integral to the identification and development of
novel brain ischemic injury therapeutics.

MATERIALS AND METHODS

ANIMALS
Male Sprague–Dawley rats (n¼ 41), weighing 260–320 g, were
randomly divided into four groups: (1) sham-operation (n¼ 5); (2)
MCAO group (n¼ 12); (3) MCAOþ Scramble group (n¼ 12); (4)
MCAOþMIR-22 group (n¼ 12). All rats received a standard diet
and free water. All experimental protocols used in this study were
carried out in accordance with the Guide for Animal Experi-
mentation of the Fourth Military Medical University and were
approved by the Ethics Committee for Animal Experimentation of
Xijing Hospital, the Fourth Military Medical University, Shaanxi
Province, China.

MIR-22 EXPRESSION VECTOR CONSTRUCT
Adenovirus expressing MIR-22 (Ad-MIR-22) was constructed as
described previously [Yang et al., 2014]. A DNA segment
encompassing the MIR-22 was synthesized by Genechem (Shanghai,
China). The obtained sequences were fully sequenced (Sangon,
Shanghai, China). Ad-MIR-22 or control Ad-Scramble was gen-
erated using the ViraPower Adenoviral Expression System (Invi-
trogen, Carlsbad, CA) according to the operating protocols. The
obtained adenoviruses were further packaged and amplified in
HEK293 cells, and then purified using CsCl banding.

IN VIVO GENE TRANSFER AND ANIMALMODEL OF FOCAL CEREBRAL
ISCHEMIA AND REPERFUSION
The animals were subject to adenovirus-mediated gene transfer, and
a subsequent focal brain ischemia-reperfusion surgical procedure as
described previously with minor modifications [Li et al., 2012]. In
brief, rats were anesthetized and then a burr hole was drilled 2.5mm
lateral from the sagittal suture and parallel to the bregma. A 20-ml
solution of Ad-MIR-22 (1� 109 PFU), Ad-Scramble (1� 109 PFU) or
saline was injected into two sites in the brain. Following injection,
the wound was closed and the rat was allowed to recover. Cerebral
ischemia and reperfusion treatment was performed 3 days later.
Focal brain ischemia was induced via intraluminal occlusion of the
right middle cerebral artery (MCAO) as described previously [Chang
et al., 2007]. Briefly, rats were re-anesthetized, and the rectal
temperature was maintained between 36.5 and 37.5°C throughout
the surgical procedure and up to 1.5 h after reperfusion. In both the
control andMIR overexpression groups, thefilament remained in the
lumen for 1.5 h, and was then withdrawn to allow reperfusion for
24 h.

NEUROLOGICAL EXAMINATION
Threats were neurologically assessed by an investigator who was
unaware of animal grouping 24 h after reperfusion. An 25-point
neurological scoring system with modifications was carried out
in each group of rats for neurological assessment [Garcia
et al., 1995].

DETERMINATION OF INFARCT SIZE
At 24 h after reperfusion, the rats (n¼ 12 for each group) were
anesthetized. The brain was rapidly removed and sliced into six
sequential sections (�5mm,� 3mm, and� 1mm from the
bregma). Sections were stained with 2% 2,3,5-triphenyltetrazolium
chloride (TTC, Sigma–Aldrich, St Louis, MO) for 15min at 37°C and
then fixed in 4% formaldehyde solution. The infarct area in each
brain slice was photographed with a digital camera (Kodak DC240,
East-man Kodak Co.). Infarct volume was calculated according to
the formula as follows: lesion area of each section¼ (contralateral
hemisphere area/ipsilateral hemisphere area) x ipsilateral lesion
area [Leach et al., 1993]. The volume of the lesions was estimated
by the summation of the lesion areas of all sections multiplied by
the slice thickness.

PRIMARY CORTICAL NEURON CULTURE
Rat primary cortical neurons were obtained from newborn
Sprague–Dawley rats as described previously [Gong et al.,
2007]. Briefly, cortices taken from Sprague-Dawley rats were
collected and dissected. The cerebral tissues were minced and then
incubated in 0.125% trypsin for 30min. The reaction was
terminated using DMEM/F12 medium with fetal bovine serum.
The cell suspension was filtered and centrifuged (3,000 g, 10min),
then the sediment was re-suspended in DMEM/F12 medium.
Cells were adjusted to 1� 106/mL and plated on 96-well plates
coated with 10mg/L poly-L-lysine. After 72 h arabinosylcytosine
(5mg/mL) was added to the cell cultures to prevent the growth of
non-neuronal cells. After 24 h, the normal medium was changed
and then refreshed every 72 h.
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SIMULATION OF ISCHEMIA AND REPERFUSION IN VITRO AND
ADENOVIRUS INFECTION
Oxygen-glucose deprivation/reperfusion (OGD/RP) was performed
as described previously [Gong et al., 2007]. Briefly, cortical
neurons were exposed to glucose-free Earl’s solution (5.4mmol/L
KCl, 116.4mmol/L NaCl, 0.8mmol/L MgSO4, 1.8mmol/L CaCl2,
26.2mmol/L NaHCO3, 2.6mmol/L NaH2PO4, and 20.1mmol/L HEPES
[pH 7.4]) and cultured in an incubator in an atmosphere of 5%CO2 and
95% N2 (OGD) for 2 h at 37°C. Then, glucose-free Earl’s solution
supplemented with 5.6mmol/L glucose was added to terminate the
OGD reaction, and the cells were cultured in an atmosphere of 5%CO2

and 95% O2 for another 12h. Cortical neurons were infected with
control adenovirus orMIR-22-expressing adenovirus for 6 h and then
replaced with standard culture medium. At 72 h after adenovirus
treatment, cells were subjected to OGD/RP.

TOTAL RNA EXTRACTION AND QUANTITATIVE REAL TIME PCR
The transcription of MIR-22 was detected according to the RT–PCR
method described previously [Yang et al., 2014]. Total RNA of primary
cultured neurons was extracted using Trizol reagent (Biostar,
Shanghai, China) according to the manufacturer’s instructions. MIR-
22 levels were determined using the mirVanaTMqRT-PCR miRNA
detection kit (Ambion). The ABI Prism 7,500 system (PE Applied Bio-
systems)was used to amplify and detect specific products. U6was used
as an internal control and the expression levels of the relative genes
werecalculatedusing the2-DDCTmethod [LivakandSchmittgen, 2001].

WESTERN BLOT
Total protein of OGD/RP-treated cortical neurons was isolated using
RIPA lysis buffer (Beyotime, Nantong, China) according to the
manufacturer’s instructions. Protein (40mg/lane) was subjected to
12% SDS–PAGE and electroblotted onto nitrocellulose (Amersham
Pharmacia, Germany). Immunodetection of p65, Bcl-2, Bax, COX-2,
iNOS and b-actin was performed using p65 antibody (Abcam,
Cambridge, MA), Bcl-2 antibody (Abcam, Cambridge, MA), Bax
antibody (Abcam, Cambridge, MA), COX-2 antibody (Abcam,

Cambridge, MA), iNOS antibody (Abcam, Cambridge, MA), and
b-actin antibody (Abcam, Cambridge, MA). Goat anti- Rabbit IgG
(Abcam, Cambridge, MA) was used as the secondary antibody. The
bound antibodies were visualized using ECL reagent (Boehringer
Mannheim, Mannheim, Germany). All experiments were repeated
three times.

ELISA

The expression of pro-inflammatory cytokines IL-6, TNF-a, and IL-
10 in cortical neurons was detected using a commercially available
ELISA kit (Aviscera Bioscience, Santa Clara, CA) according to the
manufacturer’s instructions.

shRNA
NCOA1-shRNA lentiviral particles were purchased from Santa Cruz
Biotechnology (Santa Cruz, CA). Cells were transduced with
lentiviral particles and then selected using puromycin.

DETECTION OF APOPTOTIC CELLS BY FLOW CYTOMETRY
The apoptosis of cortical neurons was measured by flow cytometry
(Beckman-Coulter, Brea, CA) using an Annexin V-FITC/PI kit (BD
PharMingen, San Diego, CA). Briefly, 1� 106 cells/sample were
collected after OGD/RP treatment and plated in 24-well plates. Cells
were incubated with Annexin V/FITC for 15min at room temper-
ature, the cells were washed, and propidium iodide (PI) was then
added. After 30min the cells were ready for analysis by flow
cytometry and the cell apoptotic ratio was assayed.

CASPASE ACTIVITY ASSAY
Caspase-3 activity was measured using the Caspase-Glo13/7 Assay
(Promega) according to the manufacturer’s instructions [Jovicic
et al., 2013]. In brief, cortical neurons (50mL/well) were cultured in
96-well plates and then cells were co-cultured with 50mL of
Caspase-Glo reagent for 30min. Luminescence was measured on a
TECAN GenioPro plate reader in the linear range of the instrument.

Fig. 1. Regulation ofMIR-22 after cerebral I/R.MIR-22 levels was determined using themirVanaTMqRT-PCRmiRNA detection kit. (A)MIR-22was down-regulated in the I/R rat
model, while adenovirus-mediated MIR-22 gene transfer in vivo up-regulated its expression. (B) MIR-22 was down-regulated in the OGD treated cortex cell, while adenovirus-
mediated MIR-22 gene transfers in vitro up-regulated its expression. All experiments were repeated at least three times. Values are presented as mean� SEM. *P< 0.05 vs.
control, #P< 0.05 vs. IR.
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Caspase activity was measured at 24 h for neurons treated with OGD/
RP treatment.

STATISTICAL ANALYSIS
All results are reported as the mean� standard error of the mean
(SEM). Statistical analysis was performed using Student0s t-test
subsequent to ANOVA. A value of P< 0.05 was considered statisti-
cally significant. All experiments were repeated at least three times.

RESULTS

CEREBRAL I/R INDUCED DOWN-REGULATION OF MIR-22
EXPRESSION
To overexpress MIR-22 in cerebral tissue and primary cortical
neurons, we created an adenovirus vector that encodes MIR-22 in

normal conditions. As shown in Figure 1A, after 24 h of reperfusion,
MIR-22 expression was significantly down-regulated relative to the
control group without injury. Three days after transfection of
MIR-22 into the brain, MIR-22 expression was markedly increased
compared with the control group and I/R group (P< 0.05). The
expression of MIR-22 in cortical neurons was also determined.
Figure 1B shows that MIR-22 expression was significantly up-
regulated in neurons transduced with Ad- MIR-22 (P< 0.05).
Moreover, Ad-Scramble had no apparent effect on the expression
level of MIR-22 compared with the I/R group.

EFFECTS OF MIR-22 ON NEUROLOGICAL SCORES AND INFARCT
VOLUME
All animals survived until 24 h after reperfusion. Many studies have
suggested that I/R injury leads to a deterioration in neurological

Fig. 2. The effect of MIR-22 overexpression on neurological score and infarct volume. (A) Representative TTC staining in cerebral sections from control, Scramble and MIR-22
overexpression groups. (B) Quantitative analysis of neurological score 24 h after reperfusion. (C) Quantitative analysis of infarct volume 24 h after reperfusion. Values are
presented as mean� SEM. *P< 0.05 vs. control, #P< 0.05 vs. IR.
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function, and we first detected the deterioration of neurological
function (Fig. 2A). We then determined the neurological scores, and
found that I/R injury significantly reduced the neurological scores
compared with the control group (P< 0.05). Moreover, the neuro-
logical score was significantly higher in the Ad-MIR-22-treated
group (neurological score: 15.31� 2.17, P< 0.05), compared with
the I/R group (neurological score: 7.85� 1.63) (Fig. 2B). At 24 h after
reperfusion, the infarct volumes in all groups were measured. As
shown in Figure 2C, the infarct volumes in the Ad-MIR-22-treated
group were also lower than in the vehicle group (P< 0.05) (Fig. 2C).

MIR-22 SUPPRESSED INFLAMMATORY CYTOKINE EXPRESSION IN
OGD-TREATED PRIMARY CORTICAL NEURONS
There is ample evidence that inflammatory mediator genes such as
TNF-a, IL-6, iNOS, and COX-2, play a chief role in inflammatory
cerebral IR injury [Yi et al., 2007]. In this study, ELISA and Western
blot were performed to measure the content of IL-6, TNF-a, iNOS,
COX-2, and IL-10. After OGD treatment primary cortical neurons
showed a significant increase in TNF-a, IL-6, iNOS, and COX-2 levels
compared with the control group (Fig. 3A–D). Overexpression of
MIR-22 in cortical neurons significantly attenuated the increases in
IL-6, TNF-a, iNOS, and COX-2 levels compared with the OGD-treated

group (Fig. 3A–D). In contrast to the levels of IL-6,TNF-a, iNOS, and
COX-2, OGD treatment caused a significant reduction in IL-10
expression compared with the control group; this reduction was
significantly reversed by MIR-22 overexpression (Fig. 3E).

THE EFFECTS OF MIR-22 ON NF-kB ACTIVITY
Existing evidence suggests that NF-kB is activated in cerebral
ischemia, and that the inflammatory response plays an important
role in the ischemic brain damage associated with elevated NF-kB
[Liu et al., 2009]. Thus, we next analyzed the effects of MIR-22 on
NF-kB activity. In the present study, we observed a marked p65
subunit translocation in primary cortical neurons after OGD
treatment, which was attenuated by MIR-22 overexpression
(Fig. 4A and B). These results suggest that the anti-inflammatory
effects of MIR-22 may be associated with inhibition of the NF-kB
signaling pathway. Previous reports suggested that MIR-22 could
target the NF-kB coactivator NCOA1 [Takata et al., 2011], and thus
further studies were performed to demonstrate that MIR-22 inhibits
the activity of NF-kB by inhibiting the expression of NCOA1.
Western blot results showed that cortical neurons infected with
MIR-22-overexpressing adenovirus exhibited decreased expression
of NCOA1 (Fig. 4C), suggesting that NCOA1 expression is regulated

Fig. 3. Effect of MIR-22 overexpression on cytokine (TNF-a, IL-6, IL-10, COX-2, and iNOS) levels in cerebral cortical neurons after OGD treatment. Effect of MIR-22
overexpression on IL-6 (A), TNF-a (B), and IL-10 (E) expression detected by ELISA. Western blot analysis of the expression of iNOS (C) and COX-2 (D). Values are presented as
mean� SEM. *P< 0.05 vs. control, #P< 0.05 vs. IR.
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by MIR-22. In addition, NF-kB activity was inhibited by the
knockdown of NCOA1 (Fig. 4D and E). These results suggest that
MIR-22 regulates NF-kB activity by modulating the expression of
the NF-kB coactivator NCOA1.

THE EFFECTS OF MIR-22 ON NEURONAL APOPTOSIS
In addition to the inflammatory response, neuron apoptosis also
contributed to cerebral ischemia injury [Villa et al., 2003]. We used
flow cytometry to detect the apoptotic rate of neurons in all groups,
and found that primary cortical neurons showed a significant
increase in cell apoptotic rate compared with the control group after
OGD treatment (Fig. 5A and B). Overexpression of MIR-22 in cortical
neurons significantly decreased the apoptotic rate, whereas Ad-
Scramble had no apparent effect on the apoptotic rate of neurons
compared with the OGD treated group.

THE EFFECTS OF MIR-22 ON THE EXPRESSION OF
APOPTOSIS-RELATED GENES
As the above results indicated that MIR-22 overexpression could
inhibit the apoptosis of OGD-treated cortical neurons, we next sought
to evaluatewhetherMIR-22could inhibit the upstreammanifestations
of apoptosis. We tested this hypothesis by measuring the effect of
MIR-22 overexpression on the activity of effector caspase-3 and the

expression of Bcl-2 and Bax. As expected, we observed significant
activation of caspase-3 in the OGD-treated group, and the expression
of Bcl-2 and Bax was both increased, moreover, the Bax expression
was markedly increased compared with the change of Bcl-2 level
(Fig. 6A and B). Compared with the I/R group, the Western blot
analysis showed higher Bcl-2 expression (6.5-fold compared with
3.9-fold) and lower Bax expression (2.9-fold compared with 4.6-fold)
in the MIR-22 overexpression group at 24h after ischemia (P< 0.05
vs. I/R, Fig. 6B). Taken together, the above results show the therapeutic
potential of MIR-22 mediated by both general anti-apoptotic and
anti-inflammatory effects.

DISCUSSION

The major findings of this study demonstrate that: (1) MIR-22
overexpression can improve neuronal behavioral scores and reduce
the infarct volume after cerebral I/R injury in rats; (2) MIR-22
overexpression can inhibit the expression of inflammatory cytokines
induced by OGD treatment in primary cortical neurons; (3) the anti-
inflammatory effect of MIR-22 is apparently involved in regulating
the activity of NF-kB by modulating the expression of the NF-kB
coactivator NCOA1; (4) MIR-22 overexpression can also attenuate

Fig. 4. Overexpression ofMIR-22 suppresses NF-kB activity by reducing NCOA1 expression. (A) ThemRNA expression of p65 was detected by RT-PCR. (B) The expression of p65
was detected by Western blot. (C) NCOA1 expression was measured by Western blot. Cortical neurons were infected with MIR-22-expressing adenovirus. (D) Western blot
analysis of the level of NCOA1 in cortical neurons infected with NCOA1 shRNA-expressing lentiviral particles. (E) Knockdown of NCOA1 reduced NF-kB activation The mRNA
expression of p65 was detected by RT-PCR. Values are presented as mean� SEM. *P< 0.05 vs. control, #P< 0.05 vs. IR.
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the apoptosis of cortical neurons induced by OGD; and (5) the anti-
apoptotic effect of MIR-22 is apparently involved in regulating the
expression of apoptosis-related genes, caspase-3, Bcl-2 and Bax.
These data demonstrate for the first time that MIR-22 is neuro-
protective in vivo and in in vitro models of cerebral I/R injury, which
may be explained by the anti-inflammatory and anti-apoptotic
effects of MIR-22 in I/R injury.

In this study, we use the MCAO and OGDmethod to build cerebral
ischemia animal and cell models. RT-PCR and Western blot results
showed that cerebral I/R induced the down-regulation of MIR-22
expression in vivo and in vitro. We also observed that MIR-22
overexpression can improve neuronal behavioral scores and reduce
the infarct volume after cerebral I/R injury in rats. It is well
established that cerebral I/R injury is a complex pathophysiological
process in which inflammation and apoptosis play a crucial role
[Villa et al., 2003; Yi et al., 2007]. In the current study, we found that
Ad- MIR-22 exerted a potent protective effect against I/R-induced
inflammation and apoptosis in cerebral cortical neurons.

A number of MIRs such as MIR-21 [Deng et al., 2013], MIR-181
[Ouyang et al., 2012], MIR-375 [Wang et al., 2014] and MIR-424

[Zhao et al., 2013] were found to be involved in cerebral I/R injury by
altering the expression of key genes associated with inflammation
and cell apoptosis. In the current study, we found that MIR-22 could
protect against cerebral I/R injury via anti-apoptotic and anti-
inflammatory effects. MIR-22 is considered to be a tumor-
suppressing microRNA in many cancers [Ling et al., 2012].
Moreover, evidence has also demonstrated that MIR-22 has an
apparent neuroprotective effect by targeting the related genes and
inhibiting neuron apoptosis [Jovicic et al., 2013]. Recently, MIR-22
has been reported as a critical regulator of myocardial I/R injury.
However, the role of MIR-22 in cerebral I/R injury remains unclear at
this point.

In this study, we found that MIR-22 was significantly down-
regulated in ischemic cerebral tissue subjected to occlusion followed
by 24 h reperfusion in vivo and in neurons treated with OGD.
Overexpression of MIR-22 reduced the level of TNF-a, IL-6, iNOS,

Fig. 5. The apoptosis of cortical neurons in the control, OGD, Scramble and
MIR-22 overexpression group, as measured by flow cytometry. (A) Flow
cytometry analysis the apoptosis of neurons in the control, OGD, Scramble and
MIR-22 overexpression group respectively. (B) Quantitative analysis of
apoptotic neurons of different groups. Values are presented as mean� SEM.
*P< 0.05 vs. control, #P< 0.05 vs. IR. Fig. 6. MIR-22 overexpression modulates caspase-3 activation and apoptotic

gene expression. (A) MIR-22 overexpression inhibits caspase-3 activation.
Caspase-3 activation was determined by Caspase-Glo13/7 Assay. (B) NaB
modulates the expression of apoptotic genes in cortical neurons. The expression
of Bax and Bcl-2 was measured by Western blot analysis. Values are presented
as mean� SEM. *P< 0.05 vs. control, #P< 0.05 vs. IR.
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and COX-2, but increased the level of IL-10.Moreover, we found that
the expression of NF-kB p65 was significantly higher in I/R-treated
cells than those without I/R treatment, and in comparison with
I/R-treated cells without transfection, no significant differences
in the above mentioned gene and protein expression were found in
the blank plasmid transfected cells, while the expression levels
in the MIR-22 overexpression group were significantly lower.
Additionally, we found that cortical neurons infected with
MIR-22-overexpressing adenovirus exhibited lower levels of
expression of NF-kB coactivator NCOA1. In order to determine
the effects of MIR-22, NF-kB activity was detected by the
knockdown of NCOA1. These results demonstrated that MIR-22
regulates NF-kB activity by modulating the expression of the NF-kB
coactivator NCOA1. Additionally, our study also provides evidence
that MIR-22 overexpression could reduce the apoptotic rate of
cerebral cortical neurons induced by OGD. Moreover, the molecular
mechanisms involved in the anti-apoptotic effect of MIR-22 were
also determined.We found thatMIR-22 overexpression could reduce
the activity of effector caspase-3, whereas the expression of Bcl-2
was significantly increased and the level of Bax expression
decreased.

CONCLUSION

In summary, our study reveals that dys-regulation of MIR-22
expression contributes to cerebral I/R injury. Overexpression ofMIR-
22 provides protection against I/R-induced inflammation and
cerebral cortical neuron apoptosis. Furthermore, MIR-22 could
inhibit the activity of NF-kB by modulating the expression of the
NF-kB coactivator NCOA1. The activity of caspase-3 and the
expression of Bcl-2 and Bax were also regulated by MIR-22, thus
modulating the apoptosis of cortical neurons. These findings support
the notion that increasing MIR-22 expression might be a desirable
therapeutic approach for the treatment of cerebral I/R injury.
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