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A B S T R A C T   

Introduction: Ischemic stroke (IS) is a common and severe neurological disorder and is associated with high rates 
of mortality and morbidity. Inflammatory reaction in astrocytes is one of the important pathological factors of 
stroke. Improved understanding of the underlying molecular mechanisms should aid better treatment of the 
disease. This study aimed to test our hypothesis that a miR-499a played an important role in the inflammatory 
response in astrocytes induced by IS targeting phosphatase and tensin homologue deleted on chromosome 10 
(PTEN). 
Methods: This study was comprised of two models: oxygen-glucose deprivation (OGD) and reoxygenation model. 
Quantitative real-time PCR (qRT-PCR) and Western blot were used to examine gene expression levels, and MTT 
assay analysis were used to examine cell states. The relationships between miR-499a and PTEN were confirmed 
by luciferase reporter assay. 
Results: MiR-499a was robustly downregulated with OGD induced injury in astrocytes. Forced transient 
expression of miR-499a in OGD astrocytes nearly completely reversed the inflammatory response. Knockdown of 
miR-499a by its specific inhibitor in healthy astrocytes induced the inflammatory response resembling those 
produced by OGD. On the other hand, PTEN was markedly upregulated in OGD astrocytes, which was reciprocal 
to the expression of miR-499a. PTEN was experimentally validated as a direct target gene for miR-499a. 
Overexpression of PTEN was able to induce an inflammatory response of astrocytes. Moreover, PTEN siRNA 
counteracted the inflammatory response induced by OGD. 
Conclusions: Taken together, our findings indicate miR-499a as an important factor to prevent inflammatory 
response and suggest miR-499a as a new molecule for the treatment of IS. The present study also demonstrated 
the relationship between miR-499a and PTEN, with PTEN as a downstream signaling mediator of miR-499a in 
the inflammatory response of astrocytes induced by IS.   

1. Introduction 

Ischemic stroke (IS) is the second-highest cause of death globally and 
a leading cause of disability [1]. Astrocytes are the most numerous glial 
cell types of brain, play important roles in acute cerebrovascular disease 
[2]. Astrocytes can provide support to neurons under ischemia-hypoxic 
and secrete a series of pro-inflammatory and anti-inflammatory cyto-
kines in the central nervous system (CNS) [3]. Ischemic inflammation 

mediated by astrocytes is a vital contributing factor in acute cerebro-
vascular disease. Cerebrovascular injury astrocytes stimulate the release 
of pro-inflammatory cytokines tumor necrosis factor-α (TNF-α) and 
anti-inflammation cytokines interleukin-10 (IL-10) [4,5]. 

An increasing body of evidence indicates that microRNAs (miRNAs) 
serve as an important layer of the regulatory network in cerebrovascular 
disease including IS and intracerebral hemorrhage (ICH). MiR-499a 
associated with autoimmune thyroid diseases and the upregulated 
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expression of miR-499a induced by pregnancy-related complications in 
placental tissue may cause later onset of cardiovascular and cerebro-
vascular diseases of offspring [6,7]. In our pilot study aiming to inves-
tigate the role of miR-499a in stroke, we found miR-499a was 
substantially downregulated. However, the role of miR-499a in astro-
cytes has not been studied. Recent studies showed that phosphatase and 
tensin homologue deleted on chromosome 10 (PTEN) as a target gene of 
miR-499a [8]. Moreover, PTEN and other miRNAs are reportedly 
important in IS [9–12]. For instance, Zhong et al., demonstrated that the 
expression of miR-144 is negatively correlated with that of PTEN. While 
inhibition of miR-144 overexpression could induce the increased 
expression of PTEN in vitro [10]. Furthermore, miR-144 can indirectly 
inhibit the expression of Caspase3 by acting on PTEN, thereby reducing 
apoptosis and inflammation, which subsequently reduces the brain 
damage caused by ischemia-reperfusion. In additional, PTEN antago-
nizes the PI3K/Akt signaling pathway in IS [11]. MiRNA/PTEN/PI3-
K/Akt signaling pathway is the most important pathway involved in 
neuroprotection and plays a key role in the post-ischemic survival of 
neurons [11–13]. Zheng et al. demonstrated that miR-130a prevented 
cerebral ischemia-reperfusion brain damage by mediating the PTEN/-
PI3K/Akt axis, which provided a novel idea for the target therapy of IS 
[11]. In other study, Peng et al. indicated that PTEN was a direct target 
of miR-221 in human umbilical vein endothelial cells (HUVECs) [12]. In 
addition, miR-221 upregulation significantly inhibited PTEN expression 
and enhanced the phosphorylation of PI3K/Akt in HUVECs. In the result, 
miRNA-221 participates in IS by modulating endothelial cell function 
and angiogenesis by regulating the PTEN/PI3K/AKT pathway. In addi-
tion, PTEN is capable of inhibiting Akt/mTOR signaling pathway in IS 
[14]. Through interfering with these pathways, PTEN regulates cell 
growth and survival, proliferation, migration, the expression of 
pro-inflammatory cytokines and chemokines, and angiogenesis. 
Increasing evidence has pointed PTEN plays an important role in regu-
lating neuronal differentiation and synaptogenesis [15,16]. 

Based on these facts, we hypothesized that miR-499a might be 
involved in IS through targeting PTEN. This study was designed to 
examine this notion in Oxygen-glucose deprivation (OGD) and reox-
ygenation model. 

2. Methods 

2.1. Cell cultures and treatment 

Primary culture astrocytes were isolated from the brain tissues of 
1–3-day-old rat pups. Briefly, the mesencephalic tissues were minced 
and digested in 0.1% trypsin for 30 min at 37 ◦C. After being washed 
with PBS, the cells were resuspended in Dulbecco modified eagle me-
dium (DMEM, Gibco, Rockville, MD, USA) containing 10% fetal bovine 
serum (FBS, Hyclone, Logan, UT, USA). 

The cells were passaged at 6 days, and astrocytes were purified from 
the primary mixed cultures by three to four repetitions of trypsinization 
and replating. All experimental procedures were approved by the 
Institutional Animal Care and Use. 

2.2. Committee of Harbin Medical University 

2.2.1. OGD and reoxygenation model 
After washing twice, astrocytes were immersed in 1-ml deoxygen-

ated custom DMEM without glucose and FBS (GIBCO, CA, USA). Then, 
they were placed inside an incubator (Thermo scientific, Waltham, MA, 
USA) for 2/4/6 h with a premixed gas (1% O2, 94% N2, 5% CO2). After 
that, cells were immersed in normal DMEM containing 10% FBS and 
transferred to a CO2 incubator (95% air and 5% CO2) for 24 h. 

2.3. Cell viability assays 

The cells were cultured in 96-well plates, and each well was seeded 

with 4 × 103 cells. After treatment with astrocytes and negative control, 
the viability of the cancer cells was detected with 3-(4,5-dimethylth-
iazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT; Roche; 
Switzerland). 20 μl of MTT solution (5 mg/ml) was added to each well, 
and the mixtures were incubated for 4 h at 37 ◦C. Then, 150 μl of 
dimethyl sulfoxide (DMSO) was added to the wells. The absorbance was 
measured using an ELISA plate reader at 490 nm. A high absorbance 
indicated a greater viability. For the cell viability assay, we removed 
MTT solution before addition of DMSO. 

2.4. 4. Quantitative real-time PCR (qRT-PCR) 

Total RNA samples were extracted from cultured astrocytes using 
TRIZOL reagent (Invitrogen, USA). To detect mRNA expression levels of 
miR-499a and PTEN, real-time PCR was carried out on ABI 7500 fast 
real-time PCR system (Applied Biosystems, USA) with SYBR Green I 
(Applied Biosystems, USA). GAPDH was used as an internal control. 
miR-499a level was quantified by the mirVana qRT-PCR miRNA detec-
tion kit (Ambion, USA), according to the manufacturer’s protocols and 
as previously described. U6 was used as an internal control for miRNA 
quantification. 

2.5. Western blot 

The concentration of proteins from astrocytes was determined with 
BCA Protein Assay Kit. The samples were subjected to electrophoresis in 
10% SDS-PAGE and then transferred to nitrocellulose filter membrane. 
The membrane was blocked in 5% skim milk for 2 h at 25 ◦C, then 
incubated with the primary antibodies against PTEN (1:1000; Abcam, 
USA) and GAPDH (1:10000; Proteintech, USA), respectively, at 4 ◦C 
overnight. After washed three times/10 min, the membrane was incu-
bated with the fluorescence-conjugated secondary antibody (Invitrogen, 
USA) at dilution 1:10000 for 1 h. Western blot bands were quantified by 
using Odyssey infrared imaging system (LI-COR; Lincoln, NE). 

2.6. MiRNA, siRNA and plasmid transfection 

MiR-499a mimic, miRNA-negative control (NC), and miR-499a 
antisense inhibitor (AMO-499a) were synthesized by RIBOBIO 
(Guangzhou, China). PTEN siRNA was synthesized by GenePharma 
(Shanghai, China). PTEN overexpression plasmid was synthesized by 
GeneChem (Shanghai, China). Astrocytes were transfected with miR- 
499a, NC, AMO-499a, siRNA or plasmid using X-treme (Roche 
Switzerland) following the manufacturer’s protocol. 

2.7. Luciferase activity assay 

To generate reporter vectors bearing miRNA-binding sites, the 3′- 
untranslated region (3′-UTR) of PTEN and its mutant variant were 
synthesized by Sangon (Shanghai, China). The construct was inserted 
into the multiple cloning sites downstream of the luciferase gene (Hind 
III and Sac I sites) in the pMIR-REPORT luciferase miRNA expression 
reporter vector (Ambion, USA). For luciferase assay, 0.1 μg of luciferase 
reporters containing 3′-UTR was co-transfected with NC, miR-499a, or 
AMO-499a and 10 ng of PRL-TK (TK-driven Renilla luciferase expression 
vector) into HEK-293 cells using X-treme gene siRNA transfection re-
agent (Roche, Switzerland), according to the manufacturer’s in-
structions. Luciferase activity was measured 48 h after transfection with 
a dual luciferase reporter assay kit (Promega, USA). 

2.8. Enzyme-linked immunosorbent assay 

After 24 h reoxygenation, we collected the medium from astrocytes. 
Release of the pro-inflammatory cytokines tumor necrosis factor-alpha 
(TNF-α) and anti-inflammatory cytokines IL-10 from the cellular su-
pernatant was performed using specific enzyme-linked immunosorbent 
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assays (ELISAs) (R&D Systems, UK) according to manufacturers’ 
guidelines. 

2.9. Statistical analysis 

All the data are presented as means ± SEM. The statistical compar-
isons among multiple groups were performed using analysis of variance 
(ANOVA). If significant effects were indicated by ANOVA, a t-test using 
the Bonferroni correction or a Dunnett’s test was used to evaluate the 
significance of the differences between the individual means. Otherwise, 
the data were compared by Student’s t-test. A two-tailed difference with 
p < 0.05 was considered statistically significant. The data were analyzed 
using GraphPad Prism 5.0. 

3. Results 

3.1. Downregulation of miR-499a correlates with OGD-induced injury in 
astrocytes 

Inflammation response was crucial for ischemic injury. Astrocytes 
were subjected to OGD for 2/4/6 h and persisted in reoxygenation for 
24 h. The cell viability was evaluated by MTT assay. As Fig. 1A shown 
OGD-induced remarkable decrease of cell viability compared with the 
control group. Enzyme-linked immunosorbent assay was performed to 
evaluate the release of pro-inflammatory cytokines TNF-α and anti- 
inflammatory cytokines IL-10 from the cellular supernatant. The re-
sults shown OGD group had significantly higher expressions of pro- 
inflammatory mediator TNF-α and anti-inflammatory mediator IL-10 
(Fig. 1B and C). Meanwhile, to understand if miR-499a is involved in 
the inflammatory response, we carried out real-time RT-PCR to detect 
miR-499a expression level in response to OGD. The miR-499a level was 
found substantially suppressed (Fig. 1 D). 

3.2. MiR-499a restrain the inflammatory response induced by OGD in 
astrocytes 

Downregulation of miR-499a in astrocytes subjected to OGD sug-
gests the OGD-induced inflammatory response might be related to this 
miRNA. To examine this hypothesis, we transfected miR-499a mimic, 
miR-499a inhibitors (anti-miR-499a anti-sense oligodeoxyribonucleo-
tide, AMO-499a) or NC into astrocytes in OGD states. Transfected effi-
ciency was verified by a significant increase in miR-499a mimic alone or 
co-transfection of miR-499a mimic and AMO-499a (Fig. 2A). MTT assay 
showed that after OGD, the astrocytes transfected with miR-499a had a 
substantially elevated cellular viability compared with those transfected 
with NC. The co-transfection of miR-499 mimic and AMO-499a mark-
edly decreased cell viability relative to the transfection of miR-499 
mimic alone (Fig. 2B). As shown in Fig. 2C and D, miR-499a reversed 
the increased pro-inflammatory mediator TNF-α and enhanced the 
increased anti-inflammatory mediator IL-10 induced by OGD. Moreover, 
this effect of miR-499a was reduced by co-transfected miR-499a and 
AMO-499a (Fig. 2C and D). To assess whether knockdown of miR-499a 
offers a pro-inflammation effect, we compared the cellular viability and 
release of inflammatory cytokines in astrocytes with or without AMO- 
499a transfection. AMO-499a alone induced the decrease of cell 
viability and IL-10 and an increase of TNF-α (Fig. 2E–G). 

3.3. PTEN as a direct target of miR-499a is upregulated in OGD treatment 
astrocytes 

PTEN is a tumor suppressor that is a dual-specificity phosphatase and 
plays an important role in neuronal death in neural cells [17]. PTEN 
deletion prevents ischemic brain injury and promotes neuroprotective 
effects [18,19]. A more recent study revealed that bisperoxovanadium 
(Bpv), a specific inhibitor of PTEN’s phosphatase activity, could 
modulate inflammatory production in cerebral ischemia and reperfusion 

Fig. 1. miR-499a was upregulated in OGD astrocytes. (A) OGD-induced decrease of cellular viability of astrocytes. *p < 0.05 and **p < 0.01 vs. control; n = 6. (B) 
OGD-induced increased release of TNF-α in astrocytes. *p < 0.05 vs. control; n = 5. (C) OGD-induced increased release of IL-10 in astrocytes. *p < 0.05 vs. control; n 
= 5. (D) OGD downregulated the expression of miR-499a in astrocytes. **p < 0.01 vs. control; n = 6. 

X. Guan et al.                                                                                                                                                                                                                                    



Non-coding RNA Research 6 (2021) 146–152

149

injury [16]. In agreement with these previous studies, we observed 
significant increases of PTEN at both mRNA and protein levels in OGD 
astrocytes (Fig. 3A and B). The inverse correlation between miR-499a 

and PTEN in OGD astrocytes suggests a targeting relationship between 
them. Our computational analysis using TargetScan miRNA database 
predicted PTEN is a potential target of miR-499a. To validate this 

Fig. 2. miR-499a restrains the inflammation 
induced by OGD in astrocytes. (A) The suc-
cessful transfection of miR-499a was veri-
fied. **p < 0.01 vs. NC; n = 6. (B) OGD- 
induced decrease of cellular viability of as-
trocytes was abrogated by miR-499a. The 
co-transfection of miR-499a and AMO-499a 
reversed the effect of miR-499a. **p <

0.01 vs. control, **p < 0.01 vs. (OGD + NC), 
**p < 0.01 vs. (OGD + miR-499a); n = 6. (C) 
miR-499a downregulated TNF-α in OGD as-
trocytes but was increased by co-transfect 
with AMO-499a. *p < 0.05, **p < 0.01 vs. 
control, **p < 0.01 vs. (OGD + NC), **p <
0.01 vs. (OGD + miR-499a); n = 5. (D) miR- 
499a upregulated IL-10 in OGD astrocytes 
but was reduced by co-transfected miR-499a 
and AMO-499a. **p < 0.01 vs. control, *p <
0.05 vs. (OGD + NC), **p < 0.01 vs. (OGD 
+ miR-499a); n = 5. (E) AMO-499a sup-
pressed astrocytes viability. **p < 0.01 vs. 
NC; n = 6. (F) AMO-499a increased TNF-α. 
*p < 0.05 vs. NC; n = 5. (G) AMO-499a 
decreased IL-10. **p < 0.01 vs. NC; n = 5.   

Fig. 3. PTEN is a direct target of miR-499a 
and its expression is upregulated by OGD. 
(A and B) Both mRNA and protein levels of 
PTEN were upregulated in OGD astrocytes. 
**p < 0.01 vs. control; n = 5. (C) The 
binding site for miR-499a in the 3′-UTR of 
PTEN gene, as predicted by TargetScan al-
gorithm. The mutant sequences were equiv-
alent to wild-type with the exception of 
mutation at the 3′ end of the target site. (D) 
Luciferase activities were analyzed in 
HEK293 cells 48 h after transfection. The 
data were presented as mean ± SEM from 
four separate experiments; *p < 0.05 and *p 
< 0.05. (E, F) Regulation of mRNA and 
protein levels of PTEN by miR-499a in as-
trocytes. **p < 0.01 vs. NC, **p < 0.01 vs. 
miR-499a; n = 5.   

X. Guan et al.                                                                                                                                                                                                                                    



Non-coding RNA Research 6 (2021) 146–152

150

prediction, we constructed luciferase reporter vectors containing a 
segment of the 3-UTR of PTEN (PTEN) and a mutated 3′-UTR of PTEN 
(Mut-PTEN) (Fig. 3C). The constructs were co-transfected with 
miR-499a mimic into HEK293 cells. As shown in Fig. 3D, miR-499a 
inhibited the luciferase activity of the PTEN reporter, whereas no ef-
fect was observed with Mut-PTEN. Furthermore, both mRNA and pro-
tein levels of PTEN were downregulated by miR-499a in astrocytes, 
which was reversed by the co-transfection of AMO-499a (Fig. 3E and F). 

3.4. PTEN concerned with the inflammatory response of astrocytes 

The above-described results suggested miR-499a might prevent the 
inflammatory response of astrocytes by targeting PTEN. Our subsequent 
data indeed provided evidence in support of this hypothesis. We 
employed both gain- and loss-of-function approaches to look at the ef-
fects of PTEN on the inflammatory response of astrocytes. PTEN protein 
expression level was increased by the PTEN plasmid and decreased by 
the siRNA of PTEN (Fig. 4A and B). As depicted in Fig.4C to E, over-
expression of PTEN in astrocytes transfected with PTEN-carrying 
plasmid (Fig. 4A) suppressed the cellular viability and promoted in-
flammatory response by upregulating TNF-α and down-regulating IL-10. 
However, downregulation PTEN with PTEN siRNA (Fig. 4B) suppressed 
the OGD injury as indicated by the improved cell viability, decreased 
TNF-α, and increased IL-10 compared with NC astrocytes in OGD state 
(Fig. 4F–H) (see Fig. 5). 

4. Discussion 

To date, over 2000 human miRNAs have been identified (miRBase: 
the microRNA database). Though they are theoretically predicted to 
target thousands of protein-coding genes involving a wide spectrum of 

biological and pathophysiological processes, experimental character-
ization of their functions has been limited to a small portion of these 
known miRNAs. In the past years, a number of miRNAs have been re-
ported to participate in stroke. These findings have greatly advanced our 
understanding of the molecular mechanisms for and opened up a new 
opportunity for therapeutic intervention of this pathological entity. 
Nonetheless, given a large number of miRNAs expressed in astrocytes, 
our knowledge about miRNAs regulation of IS remains far from com-
plete. Here we identified miR-499a as a new anti-inflammation miRNA 
in astrocytes; forced transient expression of miR-499a in OGD astrocytes 
nearly completely reversed the inflammatory response whereas knock-
down of miR-499a by its specific inhibitor in healthy astrocytes induced 
the inflammatory response resembling those produced by OGD. 

Several lines of evidence were generated in the present study for the 
role of miR-499a as an anti-inflammation miRNA. First, miR-499a was 
found remarkably downregulated in OGD astrocytes. Second, forced 
transient expression of miR-499a in astrocyte nearly completely 
reversed the changes in cell viability and expression of inflammatory 
cytokines induced by OGD. Third, knockdown of miR-499a by its spe-
cific inhibitor in healthy astrocytes induced the phenotypes resembling 
those produced by OGD. Finally, we observed that PTEN, which has 
been previously characterized as a pro-inflammation signaling mole-
cule, was markedly upregulated in OGD astrocytes at least partially as a 
result of abnormal downregulation of miR-499a as it was validated as a 
direct target gene for miR-499a [16]. 

To the best of our knowledge, our study is the first to identify the role 
of miR-499a in stroke. However, miR-499a plays an important role in 
multiple diseases. One study aims to investigate gestational hyperten-
sion, preeclampsia and intrauterine growth restriction induce dysregu-
lation of cardiovascular and cerebrovascular disease-associated miRNAs 
in maternal whole peripheral blood observed a trend to downregulation 

Fig. 4. miR-499a protected astrocytes at 
OGD state by targeting PTEN. (A) PTEN- 
carrying plasmid increased the protein 
level of PTEN. **p < 0.01 vs. empty plasmid 
(E-plasmid); n = 5. (B) PTEN siRNA inhibi-
ted the expression of PTEN. *p < 0.05 vs. 
NC; n = 5. (C) PTEN decreased the astro-
cytes viability. **p < 0.01 vs. E-plasmid; n 
= 6. (D) PTEN up-regulated TNF-α in astro-
cytes. *p < 0.05 vs. E-plasmid; n = 5. (E) 
PTEN down-regulated IL-10 in astrocytes. 
*p < 0.05 vs. E-plasmid; n = 5. (F) Silence of 
PTEN by siRNA upregulated the cell viability 
in OGD astrocytes. **p < 0.01 vs. control, 
**p < 0.01 vs. (OGD + NC); n = 6. (G) PTEN 
siRNA decreased TNF-α in OGD astrocytes. 
*p < 0.05 vs. control, **p < 0.01 vs. (OGD 
+ NC); n = 6. (H) PTEN siRNA increased IL- 
10 in OGD astrocytes. **p < 0.01 vs. control, 
**p < 0.01 vs. (OGD + NC); n = 6.   
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inappropriate pregnancy-related complications, suggesting the potential 
role of miR-499a in such a condition. However, the function of miR- 
499a was not investigated in this study [20]. Xu Z et al., demonstrated 
a serum-based miRNA expression profile for atherosclerotic coronary 
artery disease (CAD) patients, potentially revealing a previously un-
documented mechanism for cell proliferation and migration mediated 
by miR-499a, and might provide novel insights into the role of circu-
lating miRNAs in atherosclerosis pathogenesis [21]. Another study 
observed miR499a was significantly decreased in acute myocardial 
infarction (AMI) samples validating its use as a reliable biomarker for 
AMI during postmortem examination [22]. 

MiRNAs have recent emerged as important epigenetic modulators of 
gene expression and there is much evidence to suggest that miRNAs are 
involved in inflammatory. MiR-155 contributes to enhanced resistance 
to apoptosis in monocytes from patients with rheumatoid arthritis [23]. 
MiR-322 inhibits inflammatory cytokine expression and promotes cell 
proliferation in LPS-stimulated murine macrophages by targeting nu-
clear factor-κB (NF-κB) [24]. Downregulated expression of miR-124 in 
pediatric intestinal failure patients modulates macrophages activation 
by inhibiting Signal transducer and activator of transcription 3 (STAT3) 
and acetylcholinesterase (AChE) [25]. They showed intestinal macro-
phages increasingly expressed the AChE and STAT3 in intestinal failure 
patients when compared with controls. The inhibitors against STAT3 
and AChE significantly suppressed the lipopolysaccharides-induced IL-6 
and TNF-α production in macrophages. Additionally, miRNAs were 
proved to be one regulator of inflammation in various CNS pathologies. 
Early miR-155 upregulation contributes to neuroinflammation in Alz-
heimer’s disease triple transgenic mouse model through targeting Sup-
pressor of Cytokine Signaling-1 (SOCS-1), a negative regulator of 
inflammatory gene response [26]. A set of miRNAs such as miR-146, 
miR-142, and miR-27a have been implicated in epileptogenesis 
[27–29]. The expression of astrocytes miR-146a, an 
inflammation-associated microRNA, was upregulated in experimental 
and human temporal lobe epilepsy [30]. Further, it has been shown that 
in astrocytes miR-21 was significantly upregulated in stroke possibly 
playing a role in neuroinflammation and in extracellular vesicles leads to 
neurotoxicity via toll-like receptor 7 (TLR7) signaling in simian immu-
nodeficiency virus (SIV) - associated neurological disease [31]. More-
over, Yin-Feng Dong group found that OGD significantly downregulated 
miR-7 and upregulated Herpud2 along with significant elevations of 
pro-inflammatory TNF-α and IL-1β in astrocytes. Correspondingly, pre-
treatment with nicorandil could remarkably reverse these changes and 
thereby attenuate inflammatory responses and astrocytic damages [2]. 

These studies showed that targeting such miRNAs might be identified as 
a potential therapeutic strategy to treat various CNS. 

Another important finding in this study is that PTEN likely mediated 
the anti-inflammatory action of miR-499a. Four lines of evidence were 
obtained for this conclusion. First, expression of PTEN was increased in 
OGD astrocytes, which was reciprocal to the change of expression of 
miR-499a. Second, overexpression of miR-499a significantly repressed 
PTEN expression at both mRNA and protein levels. Third, over-
expression of PTEN in astrocytes promoted inflammatory responses. 
Finally, the silence of PTEN counteracted the inflammatory responses 
induced by OGD. While previous studies have documented the direct 
involvement of PTEN in inflammation [16,32]. For instance, Qin et al. 
demonstrated that glycine treatment was shown to upregulate miR-26 b, 
which led to PTEN downregulation followed by Akt activation, resulting 
in inhibition of neuronal death subarachnoid hemorrhage (SAH) model 
in vitro and in vivo [33]. Furthermore, glycine treatment suppressed 
SAH-induced M1 microglial polarization and thereby inflammation. Li 
et al. indicated that miR-23a directly targeted PTEN and suppresses its 
expression in vitro and in vivo of traumatic brain injury (TBI) model 
[34]. The authors demonstrated that the upregulation of miR-23a could 
improve the neurological outcome after TBI by inhibiting neurons 
apoptosis and inflammatory response via reactivating PTE-
N/AKT/mTOR signaling pathway. Our results established a mechanistic 
link between miR-499a and stroke with PTEN serving as a mediator of 
the anti-inflammatory signal of miR-499a. 

5. Conclusions 

Collectively, we presented the first evidence that miR-499a prevents 
astrocytes mediated inflammatory response in IS by targeting PTEN. In 
light of the fact that overexpression of miR-499a was able to reverse the 
inflammatory alterations, together with the observation that miR-499a 
was abnormally downregulated, it may be speculated that miR-499a is 
a new molecular for the treatment of IS and other possible CNS pa-
thologies associated with miR-499a as well. 
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Fig. 5. Schematic diagram of the implicated signaling pathway relating to the anti-inflammatory effects of miR-499a by inhibits PTEN expression through targeting 
its 3ʹ-UTR on ischemic stroke (IS). The upregulated miR-499a induces production of pro-inflammatory cytokines including IL-6 and TNF-α. 
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