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High expression of GAS5 promotes neuronal
death after cerebral infarction by regulating

miR-365a-3p
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Abstract. — OBJECTIVE: To investigate wheth-
er growth arrest specifics (GAS5) could regulate
the expression of DCDC2 through competitive
binding to miR-365a-3p, thus leading to increased
neuronal death in cerebral cortex.

MATERIALS AND METHODS: The expression
levels of GAS5 and DCDC2 in cerebral cortical
neurons of mice with mouse middle cerebral ar-
tery occlusion (MCAO) cerebral infarction and in
control mice were detected by quantitative re-
verse transcriptase-polymerase chain reaction
(qRT-PCR). Meanwhile, the expression levels of
GAS5 and DCDC2 in primary neurons cultured
in vitro were also detected by qRT-PCR. The ef-
fects of GAS5 and DCDC2 on neuronal death
were evaluated by calculating the cerebral in-
farct area by Tunel assay and TTC staining. Du-
al luciferase reporter assays were performed to
detect the binding of miR-365a-3p to GAS5 and
DCDC2. Western blot was applied to detect the
protein expression of DCDC2, Bcl-2 and Bax af-
ter overexpression and knockdown of GAS5.

RESULTS: The expression of GAS5 and DCDC2
were significantly higher in cerebral cortical neu-
rons and primary cultured neurons in vitro than
those in control mice, respectively. Inhibition of
GASS5 and DCDC2 in primary neurons decreased
the neuronal cells death rate, while overexpres-
sion of GAS5 and DCDC2 increased the cell
death rate. The dual luciferase reporter gene re-
sults showed that GAS5 regulated the expression
of DCDC2 through competitive binding of miR-
365a-3p thus forming a GAS5/miR-365a-3p/DC-
DC2 regulatory network. In addition, GAS5 inhib-
ited Bcl-2 while promoting the expression of Bax.

CONCLUSIONS: High expression of GAS5
could promote neuronal death after cerebral in-
farction in mice, possibly through competitive
binding to miR-365a-3p and promoting the ex-
pression of DCDC2.

Key Words:
GAS5, Cerebral infarction, Neuronal death, ceRNA.

5270

Introduction

Acute cerebral infarction is a common clinical
cerebrovascular disease. Atherosclerosis is the
pathophysiological basis of the disease as athe-
romatous plaque rupture and intraarterial throm-
bosis can lead to blood flow disruption, cerebral
ischemia and hypoxia injury'. Delayed neuronal
death is closely related to cerebral ischemia and
degenerative brain diseases. Apoptosis caused by
acute hypoxic-ischemic brain damage is the main
form of delayed neuronal death?. Bcl-2 is the most
important apoptosis-inhibitory gene, while bax is
the most important apoptosis-promoting gene.
The ratio of Bcl-2/Bax affects the occurrence of
apoptosis®.

Non-coding RNA (ncRNA) includes microR-
NA (miRNA) and long noncoding RNA (IncR-
NA). miRNAs have been shown to play important
roles in the pathogenesis of various inflammatory
diseases, neoplastic diseases, cardiovascular and
cerebrovascular diseases*’. Long-chain non-co-
ding RNAs are widely present in the nucleus and
cytoplasm with a length greater than 200 nt¢. Ln-
cRNAs play important roles in various biological
processes, such as cell proliferation, cell cycle,
differentiation, and apoptosis through various mo-
lecular mechanisms”. MALAT1 inhibits apopto-
sis in tumors such as pancreatic cancer and prosta-
te cancer'®. Decreased HOTAIR expression leads
to cell cycle arrest in GO/G1 and in situ tumor
growth inhibition"". LncRNA PVT1 oncogenes
can promote cell proliferation, cell cycle progres-
sion, and stem cell performance’. In recent years,
many studies have found that IncRNA can exert
its biological function as competing endogenous
RNA (ceRNA). CeRNAs, also known as miRNA
“molecular sponges,” have revealed a novel re-
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gulatory mechanism that long non-coding RNAs
“absorb” miRNAs and affect miRNA downstream
functions.

Growth arrest specific5 (GASS) is a IncRNA
which acts as tumor suppressor'?. Studies have
shown that GASS is lowly expressed in various
tumor tissues, suggesting its role as tumor sup-
pressor genes. Besides, overexpression of GASS
can inhibit tumor growth, invasion and metasta-
sis. Meanwhile, overexpression of GASS5 can
induce cell apoptosis and increase the sensiti-
vity of cells to chemotherapy drugs'*'>. Scho-
lars have also confirmed that high expression of
GASS can lead to hypoxia/ischemic brain injury
and apoptosis of primary hippocampal neurons'®.
However, the regulation mechanism of GASS in
cerebral infarction remains to be studied. The
primary purpose of this study was to investigate
whether growth arrest specific5 (GASS) could
regulate the expression of DCDC2 through com-
petitive binding to miR-365a-3p, thus leading to
increased neuronal death in cerebral cortex.

Materials and Methods

Establishment of Rat MCAO Model

Animal experimental procedures were appro-
ved by the Second Affiliated Hospital of Dalian
Medical University Ethics Committee. The mou-
se middle cerebral artery occlusion (MCAO)
model was prepared according to a previous
study'’. The specific operations were as follows:
after anesthesia, mice were bluntly dissected to
the anterior cervical muscle. The common ca-
rotid artery (CCA) was isolated. Afterward the
external carotid artery (ECA) was separated se-
quentially.

A line thread (head diameter 0. 23 mm, trunk
diameter 0. 18 mm) was inserted from the exter-
nal carotid artery hole and then through the com-
mon carotid artery to the internal carotid artery,
then up to the middle cerebral artery (depth about
12 mm). After the thrombus was blocked for 1
h, blood flow from the common carotid artery to
the internal carotid artery was restored. Intraope-
rative dressings were kept warm. Mice were po-
stoperatively placed in cages with clean litter for
free access to water and food. The digital table
method was used to randomly divide the mice into
the sham group and the MCAO model group. The
sham-operation group was performed with the
same surgical procedure except for thread place-
ment.

Neuronal Culture and Neuronal
Oxygen-Glucose Deprivation (OGD)
Ischemia Model

Primary cultured cerebral cortical neurons
were isolated from mouse pups within 24 hours
of birth. The suckling mice were placed in PBS
solution, then the whole brain was decapitated to
separate neonatal cerebral cortex while the me-
ninges and blood vessels were dissected. Tissues
were digested with trypsin for 15 minutes and di-
gested with Dulbecco’s Modified Eagle Medium
(DMEM) containing 10% horse serum and 10%
fetal bovine serum (FBS) (Gibco, Rockville, MD,
USA). After filtered with 200 mesh stainless steel
cell strain, cells were planted on D-polylysine (0.1
g/L) pretreated Petri dishes. The cells were cultu-
red in normoxic environment (5% CO,, 95% O,)
in a 37°C humidity incubator for 4 to 6 hours and
then cultured with neurobasal medium containing
2% B27 and 2 mmol/L L-Glutamine. The medium
was replaced every 3 days. After maturation, cel-
Is were cultured in glucose-free DMEM medium
and placed in a hypoxic incubator with mixed gas
(5% CO,, 5% O,, and 90% N2). After 5 hours,
the sugarless medium was changed back into the
neurobasal medium. Cells were continuously cul-
tured in a normoxic incubator for 24 hours.

Neurological Function Score

Animals were trained for 3 consecutive days
prior to surgery, and scores were taken as the base-
line one day before injury. Then neurological fun-
ction evaluations of each mouse were performed
at 1, 3, 7, 14, 21, and 28 days after reperfusion
of MCAO respectively according to the modified
neurological score'®. Neurological defect was gra-
ded on a scale of 0-15 (0=no neurobehavioral ab-
normalities; 15=neuron death).

Calculation of the Volume of Cerebral
Infarction by TTC Staining

After neurobehavioral and motor function tests,
mice were sacrificed and the brains were rapidly
decapitated. Brain slices of approximately 1.5
mm in thickness were stained with 2,3,5-triphenyl
tetrazolium chloride (TCC) (Sigma-Aldrich, St.
Louis, MO, USA). After TCC staining, the brain
slices were immersed in 4% neutral paraformal-
dehyde for preservation. After photographing, the
brain infarct contours were outlined using Ulead
Photo Express 2.0 image analysis software. Injury
measurement software was used to measure ce-
rebral ischemic area and the infarct volume was
calculated for each brain.
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RNA Isolation and Quantitative Reverse
Transcriptase-Polymerase Chain Reaction
(QRT-PCR)

Total RNA was extracted by TRIzol (Invitro-
gen, Carlsbad, CA, USA) using an RNA extraction
kit. A reverse transcription reaction was perfor-
med using the PrimeScript RT reagent Kit (TaKa-
Ra, Code No. RR037A, Otsu, Shiga, Japan). The
miRNA quantitative PCR procedure was perfor-
med according to the miScript SYBR Green PCR
Kit instructions. The sequences of the primers are
listed below: GASS (F: 5’-CTTGCCTGGAC-
CAGCTTAAT-3’, R: 5’-CAAGCCGACTCTC-
CATACCT-3’), miR-365a-3p (F: 5’-ACACTC-
CAGCTGGGTCCGAGCCTGGGTCTC-3’,
R: 5’-TGGTGTCGTGGAGTCG-3’), GAPDH
(F:  5’-AGCCACATCGCTCAGACAC-3’, R:
5’-GCCCAATACGACCAAATCC-3’), DCDC2
(F: 5>-TGGTGTATCGAAATGGGGATGC-3’, R:
5’-GCTGATGTCACCTCATAAAGCA-3’).

Infection and Transfection of Cells

Recombinant lentiviral virus and control vec-
tors were constructed by GenePharma (Shanghai,
China). The neurons were digested and seeded in
a 24-well plate (5 x 10° cells per well). Cells were
infected by lentivirus in a multiplicity of infection
(MOY) value of 40. Polybrene agent was added to
enhance the infection rate in the ratio of 1:200. After
24 hours, the virus-containing medium was remo-
ved and replaced with fresh culture medium. For
transfection, cells were transfected with miR-365a-
3p mimics and inhibitor as well as their respective
controls according to the instructions of Lipofecta-
mine 2000 (Invitrogen, Carlsbad, CA, USA).

Dual Luciferase Reporter Gene Assay

The 3’UTR sequences of GASS and DCDC2
were downloaded from the NCBI website to con-
struct GASS and DCDC2 wild-type sequences,
GAS5 WT 3’ UTR and DCDC2 WT 3’ UTR as
well as their mutant sequences. The cells were then
plated in 96-well plates. 50 pmol/L mir-365a-3p
mimics or negative controls were co-transfected
with the constructed GASS5 and DCDC2 wild-type
or mutant plasmids (80 ng). After 48 hours of tran-
sfection, the dual luciferase reporter gene assay sy-
stem was used to detect fluorescence intensity.

TUNEL Assay

48 hours after transfection cells were seeded to
detect neuronal apoptosis. TUNEL staining was
performed strictly in accordance with the proce-
dures shown in the Kekele Apoptosis Detection
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Kit (Dojindo, Kumamoto, Japan). Those cells
with brownish yellow granules under the light
microscope were recognized as TUNEL-positive
apoptotic cells.

Western Blot

Total proteins were extracted by radioimmu-
noprecipitation assay (RIPA) lysate (Beyoti-
me, Shanghai, China). Proteins were separated
in sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) while the immuno-
blots were incubated overnight at 4°C with the
primary antibodies. After washed in Tris-buffered
saline and Tween 20 (TBST) (Beyotime, Shan-
ghai, China) for 3 times, the immunoblots were
incubated with horseradish peroxidase (HRP) -la-
beled antibodies for 2 h at room temperature. Pro-
tein bands were determined by imaging analysis
system with enhanced chemiluminescence (ECL)
imaging (Thermo Fisher Scientific, Waltham,
MA, USA).

Statistical Analysis

Statistical Product and Service Solutions
(SPSS) 22.0 statistical software (IBM, Armonk,
NY, USA) was used for data analysis. Measu-
rement data were analyzed by f-test. Data were
expressed as meantstandard deviation. The diffe-
rence was statistically significant at p<0.05.

Results

GASS5 is Highly Expressed in Cerebral
Infarction

We detected the expression level of GASS in
cerebral cortical neurons of mice with MCAO ce-
rebral infarction and control mice by qRT-PCR.
The results of qRT-PCR showed that GASS was
highly expressed in cerebral cortical neurons in
MCAO cerebral infarction model (Figure 1A).
Subsequently, we found that GAS5 was also hi-
ghly expressed in the oxygen-glucose deprivation
(OGD) model of primary neurons cultured in vi-
tro (Figure 1B). Next, MCAO cerebral infarction
mouse was injected with LV-shGASS and LV-
GASS to knockdown or increase the expression
of GASS by tail vein injection. Then the infarct
volume of mice was calculated by TTC staining.
The results showed that the infarct size decreased
in the LV-shGASS5 group while the infarct size of
LV-GASS increased (Figure 1C). Subsequently,
the neurological function of each group of mice
was evaluated by the foot fault test. The results
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Figure 1. GASS is highly expressed in cerebral infarction brain. GASS is highly expressed in in cerebral cortical neurons of
MCADO cerebral infarction mice model. GASS is highly expressed in the oxygen-glucose deprivation (OGD) model of primary
cultured neurons in vitro. GASS expression in MCAO mice model by tail vein injection of LV-shGAS5 and LV-GASS. Foot
injury test evaluation of nerve function of mice was shown. GASS expression in primary neuronal cells transfected with LV-
shGASS5 and LV-GASS. Tunel assay in primary neuronal cells transfected with LV-Vector, LV-shGASS5 and LV-GASS5

showed that the LV-shGASS5 group scored higher
than the LV-Vector group, while the LV-GASS5
group and the LV-Vector group had no significant
difference (Figure 1D). Besides, the primary neu-
rons cells were infected with LV-shGASS5 and LV-
GASS respectively. It was found that LV-GASS5
infection significantly increased the expression of
GASS, while LV-shGASS infection significantly
inhibited the expression of GASS (Figure 1E).
Further analysis by Tunel assay confirmed the
effect of GAS5 on neuronal apoptosis. As shown
in Figure 1F, the apoptotic cells in the LV-sh-
GASS group decreased compared with that in the
LV-Vector group. Meanwhile, the apoptotic cel-
Is in the LV-GASS group increased (Figure 1F).
These results demonstrated that GASS is highly
expressed in cerebral infarction brain and that
GASS is related to cell apoptosis.

GASS5 Regulates miR-365a-3p Expression

By bioinformatics prediction of miRNAs that
could bind GASS, we found that miR-365a-3p
had the highest binding score. Reporter gene as-
say showed that after transfection of miR-365a-
3p cells, the luciferase activity in the GASS5-WT
3’UTR group was decreased, while no difference
was observed in the GAS5-MUT 3°UTR lucife-
rase activity (Figure 2A). These results indicated
that GASS could bind with miR-365a-3p. Then,
we predicted the target gene of miR-365a-3p
DCDC2 and performed functional analysis. After
transfection of miR-365a-3p cells, the luciferase
activity of the DCDC2-WT 3’UTR group was
decreased, while the DCDC2-MUT 3’UTR lu-
ciferase activity was not significantly different
(Figure 2B). These results indicated that DCDC2
may be the target gene of miR-365a-3p. Subse-
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quently, we detected the expression of miR-365a
in primary neuronal infected with LV-shGASS5 or
LV-GASS5. We found that GAS5 knockdown ele-
vated the expression of miR-365a-3p and GASS5
overexpression decreased the expression of miR-
365a-3p (Figure 2C), which suggested that GASS
could negatively regulate miR-365a-3p expres-
sion. In addition, the expression of DCDC2 was
detected in primary neuronal cells transfected
with miR-365a-3p mimics or miR-365a-3p inhi-
bitor. It was found that the expression of DCDC2
in miR-365a-3p mimics group was decreased and
that in miR-365a-3p inhibitor group was increa-
sed (Figure 2D), which indicated that DCDC?2 is
the downstream target gene of miR-365a-3p.

A
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DCDC2Z Promotes Neuronal Apoptosis

We detected the mRNA expression of
DCDC?2 in primary neuronal cells transfected
with LV-shGASS5 or LV-GASS as well as their
controls. Our results showed that the expression
of DCDC2 in LV-shGASS group was decreased
compared with LV-Vector group, while DCDC2
expression was increased in LV-GASS5 group
(Figure 3A). The same result was proved by
Western blot (Figure 3B). These results showed
that GASS could positively regulate the expres-
sion of DCDC2. In addition, we detected the
expression level of DCDC2 in cerebral cortical
neurons of mice with MCAO cerebral infar-
ction and control mice by quantitative real-time

15 O3 miR-NC
2 7| 3 miR-365a mimics
>
5
o
@ 1.0
1
Qo
g .
E]
2 051 |l|
2
5
©
['4
0.0 T T
GASS5-WT GAS5-MUT
3 miR-NC

1.5
3 miR-365a mimics

e

DCDC2-WT DCDC2-MUT

Relative luciferase activity

O

»
1

_|

-
1

Relative expression of DCDC2
N

U

Figure 2. GASS regulates miR-365a-3p expression. Luciferase assay of cells co-transfected with GAS5-WT or GASS-
MUT reporter plasmids and miR-NC or miR-365a-3p mimics. Luciferase assay of cells co-transfected with DCDC2-WT or
DCDC2-MUT reporter plasmids and miR-NC or miR-365a-3p mimics. miR-365a-3p expression after primary neuronal cells
transfected with LV-Vector, LV-shGASS, and LV-GASS5. DCDC2 expression was detected in primary neuronal cells after
transfection with miR-NC, miR-365a-3p mimics, and miR-365a-3p inhibitor.
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Figure 3. DCDC2 promotes neuronal apoptosis. DCDC2 expression was detected by qPCR in primary neuronal cells
transfected with LV-Vector, LV-shGASS, and LV-GAS5. DCDC?2 protein expression was detected by Western blot in primary
neuronal cells transfected with LV-Vector, LV-shGASS, and LV-GASS5. DCDC2 was highly expressed in cerebral cortical
neurons in a mouse model of MCAO with cerebral infarction. High expression of DCDC2 in oxygen-glucose deprivation
(OGD) model of primary cultured neurons in vitro. DCDC2 expression was detected in primary neuronal cells transfected
with LV-Vector, LV-shDCDC2, and LV-DCDC2. Tunel assay was performed to detect the cell apoptosis after transfection

of LV-shDCDC2 and LV-DCDC2.

PCR. The results showed that GASS was highly
expressed in cerebral cortical neurons of mice
models with MCAO cerebral infarction (Figu-
re 3C). Subsequently, we found that DCDC2
was also highly expressed in the OGD mo-
del of primary neuronal cells cultured in vitro
(Figure 3D). Then, the primary neuronal cells
were transfected with LV-shDCDC2 or LV-DC-
DC2 to detect the expression of GASS. Results
showed that LV-shDCDC?2 significantly inhibi-
ted the expression of DCDC2, while LV-DC-
DC2 significantly increased the expression of
GASS5 (Figure 3E). Meanwhile, we examined
the effect of DCDC2 on neuronal apoptosis by
Tunel assay, which showed that the number of
apoptotic cells in the LV-shDCDC2 group was
decreased compared with that of the LV-Vector

group, while the apoptotic cells in the LV-DC-
DC2 group were increased (Figure 3F). These
above findings revealed that DCDC2 could pro-
mote neuronal apoptosis

GAS5 Regulates the Expression
of Bcl-2 and Bax

Next, we investigated the effect of GASS on
apoptosis-related proteins Bcl2 and Bax by LV-sh-
GASS and LV-GASS infection of primary neurons
cells. The results showed that LV-shGASS5 signi-
ficantly inhibited the expression of pro-apoptosis
protein Bax and promoted the expression of Bcl-
2, while LV-GASS infection promoted the expres-
sion of Bax and inhibited Bcl2 expression (Figure
4), which suggested that GASS5 could regulate the
expression of Bcl-2 and Bax.
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Figure 4. GAS5 promotes neuronal apoptosis. LV-Vector, LV-shGAS5 and LV-GASS5 were transfected into primary neurons
to detect the expression of pro-apoptotic protein Bax and apoptosis-inhibiting protein Bel-2

Discussion

Acute cerebral infarction usually occurs in
middle-aged and elderly people. It is characteri-
zed by high incidence of morbidity, disability and
mortality. Cerebral infarction causes brain dama-
ge due to ischemia and hypoxia. Long-term neu-
rological impairment may lead to permanent defi-
cits in brain function'>-?°. In addition, due to lack
of adequate nutritional support, peripheral infarct
dark neurons may eventually turn into apoptosis?'.
Therefore, how to save neurons and inhibit apop-
tosis affects the recovery of neurological function
after cerebral infarction.

GASS is located on human chromosome 1q25.1
which consists of 4983 bp. Studies have found
that the expression of GASS is decreased in many
malignant tumors. Studies have also shown that
overexpression of GASS in many cell lines could
lead to tumor cell growth arrest through inducing
apoptosis and regulating cell cycle. In recent ye-
ars, many studies have found that IncRNAs can
also interact with miRNAs and participate in the
regulation of the expression of target genes, resul-
ting in cell proliferation and withering. For exam-
ple, in prostate cancer, IncRNA PTENP1 has been
shown to absorb miR-19 and miR-20a, which can
release their inhibition of PTEN and lead to the
up-regulation of the well-known tumor suppres-
sor gene PTEN. PTEN could inhibit the PI3K si-
gnaling pathway and inhibits cell growth in turn®*.
In addition, IncRNA HOTAIR targets miR-331-
3p in the form of ceRNA in gastric cancer, thereby
regulating the expression of the famous oncogene
HER2%. In this study, GAS5 expression was si-
gnificantly increased in cerebral cortical neurons
of MCAO cerebral infarction mice model and pri-
mary neuronal cell OGD model cultured in vitro.
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High expression of GASS could promote neuronal
death after cerebral infarction. The dual luciferase
reporter gene results showed that GASS could tar-
get and bind to miR-365a-3p, thus regulating its
expression, alleviating the degradation of DCDC2
by miR-365a-3p.

Apoptosis inhibitory protein Bcl-2 and apop-
tosis-promoting factor Bax are important mem-
bers of apoptotic molecules family, which has
been widely confirmed in regulating apoptosis of
brain cells. The role of Bcl-2 and Bax has been
widely confirmed and is one of the last common
pathways of apoptosis****, DCDC2 is located at
the 6p22.2 site, which was proved to be a strong
candidate for dyslexia. Its expression product is a
bicorticoid cytoplasmic protein that can promote
interaction of neurons with cell membrane micro-
tubules. Besides, it has been shown to promote
the migration of neurons to the ventricle during
embryonic development and the movement of
neurons to the cerebral cortex during maturation.
In this study, we found that DCDC2 expression
was significantly increased in cerebral cortical
neurons of mice models of MCAO and in primary
neuronal cell OGD models. Overexpression of
DCDC2 in primary neuronal cells promoted cell
death. In addition, overexpression and knock-
down of GASS5 showed that GASS could promo-
te the apoptosis of primary neurons by inhibiting
Bcl-2 and promoting Bax, thus participating in the
development of cerebral infarction.

Conclusions
We showed that GASS levels are markedly

increased in cerebral cortical neurons of MCAQO
mice models and OGD model. In addition, we
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found that GASS5 could promote nerve cell death
through the GAS5/miR-365a-3p/DCDC2 regula-
tory network.

Conflict of Interest
The Authors declare that they have no conflict of interest.

10)

11)

References

Lee SW, Kim HC, Lee HS, Sun I. Thirty-year trends in
mortality from cerebrovascular diseases in Korea.
Korean Circ J 2016; 46: 507-514.

PLesnita N, ZHu C, Cuwmsee C, GROGER M, MoskowITz
MA, Bromaren K. Nuclear translocation of apopto-
sis-inducing factor after focal cerebral ischemia. J
Cereb Blood Flow Metab 2004; 24: 458-466.

L DQ, Bao YM, L Y, WanG CF, Liu Y, An LJ. Catal-
pol modulates the expressions of Bcl-2 and Bax
and attenuates apoptosis in gerbils after ischemic
injury. Brain Res 2006; 1115: 179-185.

BernArRD D, PrasanTH KV, TRriPATHI V, Colasse S, NAa-
KAMURA T, XUAN Z, ZHANG MQ, SepeL F, JOURDREN L,
Coutrier F, TrILLER A, SPecTor DL, Bessis A. A long nu-
clear-retained non-coding RNA regulates synapto-
genesis by modulating gene expression. EMBO J
2010; 29: 3082-3098.

Que T, SonGg Y, Liu Z, ZHenG S, LonGg H, L Z, Lv Y,
WaNG G, Lu Y, ZHou J, ZHANG X, FAanGg W, Qi1 S. De-
creased miRNA-637 is an unfavorable prognosis
marker and promotes glioma cell growth, migra-
tion and invasion via direct targeting Akt1. Onco-
gene 2015; 34: 4952-4963.

Brosnan CA, Voinner O. The long and the short of
noncoding RNAs. Curr Opin Cell Biol 2009; 21:
416-425.

Nunes FD, oe Awveipa FC, Tuca R. Homeobox genes:
a molecular link between development and can-
cer. Pesqu Odontol Brasil 2003; 17: 94-98.

Latevee S, Few R. Long noncoding RNAs in human
disease: emerging mechanisms and therapeutic
strategies. Epigenomics 2015; 7: 877-879.

WaNG D, Gao ZM, HaN LG, Xu F, Liu K, SHEN Y. Long
noncoding RNA CASC2 inhibits metastasis and
epithelial to mesenchymal transition of lung ade-
nocarcinoma via suppressing SOX4. Eur Rev Med
Pharmacol Sci 2017; 21: 4584-4590.

PRensNER JR, CHINNaYAN AM. The emergence of In-
cRNAs in cancer biology. Cancer Discov 2011; 1:
391-407.

ZHANG JX, HAN L, Bao ZS, WANG YY, CHEN LY, YaN W/,
Yu SZ, Pu PY, Liu N, You YP, Jiang T, Kang CS. HO-
TAIR, a cell cycle-associated long noncoding RNA
and a strong predictor of survival, is preferentially
expressed in classical and mesenchymal glioma.
Neuro Oncol 2013; 15: 1595-1603.

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

Yin D, He X, ZHANG E, KonG R, DE W, ZHanG Z. Long
noncoding RNA GAS5 affects cell proliferation
and predicts a poor prognosis in patients with co-
lorectal cancer. Med Oncol 2014; 31: 253.

MourTADA-MAARABOUNI M, PickarRD MR, HEDGE VL, FAR-
zaNeH F, Wituams GT. GASS5, a non-protein-coding
RNA, controls apoptosis and is downregulated in
breast cancer. Oncogene 2009; 28: 195-208.

Pickarp MR, WiLLiavs GT. Regulation of apoptosis by
long non-coding RNA GAS5 in breast cancer cells:
Implications for chemotherapy. Breast Cancer Res
Treat 2014; 145: 359-370.

ZHANG Z, ZHU Z, WAaTABE K, ZHANG X, Bal C, Xu M, Wu
F, Mo YY. Negative regulation of INcRNA GAS5 by
miR-21. Cell Death Differ 2013; 20: 1558-1568.

ZHAo RB, Znu LH, SHu JP, Qiao LX, Xia ZK. GAS5
silencing protects against hypoxia/ischemia-indu-
ced neonatal brain injury. Biochem Biophys Res
Commun 2018; 497: 285-291.

Bu X, ZHAanG N, YanGg X, Liu Y, Du J, LianGg J, Xu Q,
L J. Proteomic analysis of cPKCbetall-interacting
proteins involved in HPC-induced neuroprotection
against cerebral ischemia of mice. J Neurochem
2011; 117: 346-356.

CHEN J, LI'Y, WANG L, ZHANG Z, Lu D, Lu M, CHorr M.
Therapeutic benefit of intravenous administration
of bone marrow stromal cells after cerebral ische-
mia in rats. Stroke 2001; 32: 1005-1011.

StapoJevic N, Stamatovic SM, Keep RF, GRAILER JJ, SARMA
JV, Warp PA, Anpsetkovic AV. Inhibition of junctional
adhesion molecule-A/LFA interaction attenuates leu-
kocyte trafficking and inflammation in brain ischemia/
reperfusion injury. Neurobiol Dis 2014; 67: 57-70.

KamoucHi M, Aco T, Kuropa J, Kitazono T. The pos-
sible roles of brain pericytes in brain ischemia and
stroke. Cell Mol Neurobiol 2012; 32: 159-165.

Cevik O, AbiGuzeL Z, BavkaL AT, SomAy G, SENER A.
The apoptotic actions of platelets in acute ische-
mic stroke. Mol Biol Rep 2013; 40: 6721-6727.

Pouseno L, SALMENA L, ZHANG J, CArRvER B, HAVEMAN
WJ, PanpoLri PP. A coding-independent function of
gene and pseudogene mRNAs regulates tumour
biology. Nature 2010; 465: 1033-1038.

Liu XH, Sun M, N FQ, Gt YB, ZHanG EB, Yin DD,
KonG R, XA R, Lu KH, LiJH, De W, WanG KM, WANG
ZX. Lnc RNA HOTAIR functions as a competing
endogenous RNA to regulate HER2 expression by
sponging miR-331-3p in gastric cancer. Mol Can-
cer 2014; 13: 92.

PLONKA J, LaTocHA M, Kusmierz D, ZiELinska A. Expres-
sion of proapoptotic BAX and TP53 genes and
antiapoptotic BCL-2 gene in MCF-7 and T-47D
tumour cell cultures of the mammary gland after a
photodynamic therapy with photolon. Adv Clin Exp
Med 2015; 24: 37-46.

AL-Fariam AA, A-FaTiawt AA, IRsHAD M, ZAFARYAB M, Rizvi
MM, Axmap A. Rice bran phytic acid induced apopto-
sis through regulation of Bcl-2/Bax and p53 genes in
HepG2 human hepatocellular carcinoma cells. Asian
Pac J Cancer Prev 2014; 15: 3731-3736.



