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Abstract: The present study aimed to elucidate the roles and possible molecular mechanisms of long noncoding
RNA (IncRNA) urothelial carcinoma associated 1 (UCA1) in neuronal pheochromocytoma (PC)-12 cells under hypoxic
conditions. The neuronal PC-12 cells were exposed to hypoxic and normoxic conditions followed by the measure-
ment of the expression of IncRNA UCAL. In addition, the cells were transfected with short hairpin RNAs (sh-RNAs)
against UCA1 (sh-UCA1), SOX6 (sh-SOX6), negative control (sh-NC), pEX-SOX6, pEX, miR-18a mimic, mimic NC, miR-
18a inhibitor, and inhibitor NC. Under different treatments of transfection, cell viability and migration and invasion
potential were analyzed. In addition, the induction of apoptosis was investigated by studying the expression profiles
of apoptosis-related proteins. Hypoxia treatment significantly enhanced the expression of UCA1, which in turn in-
duced injury in PC-12 cells characterized by the inhibition of cell viability, the reduction in migration and invasion
potential, and the promotion of cell apoptosis. Moreover, the suppression of UCA1 alleviated the hypoxia injury. In
addition, the relationship between UCA1 and miR-18a and between miR-18a and SRY-box containing gene 6 (SOX6)
were explored. MiR-18a was found to be a direct target of UCAL, an upregulation of which mediated the effects of
suppression of UCA1 (alleviated hypoxic injury). Besides, SOX6 was found to be a target of miR-18a whose expres-
sion could be negatively regulated by miR-18a. An overexpression of SOX6 could also aggravate hypoxia injury in PC-
12 cells, whereas a knockdown of SOX6 exhibited contrary results. Our findings indicated that the down-regulation
of UCAL promoted the expression of miR-18a that led to a reduction in the expression of its target protein, SOX6,
thereby contributing to the hypoxia injury following cerebral ischemia.
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Introduction

Cerebral or brain ischemia is a condition char-
acterized by an insufficient flow of blood to the
brain, leading to cerebral hypoxia and subse-
quent neuronal injury [1]. It is considered to be
one of the main causes of cerebral infarction
and ischemic stroke, which constitute major
public health problems [2]. Thus, an elucidation
of the key mechanism of ischemic cerebral inju-
ry would provide a new insight into the develop-
ment of effective targets for therapeutic inter-
vention of cerebral infarction and ischemic
stroke.

Long non-coding RNAs (IncRNAs) are a kind of
RNA molecules with non-protein transcripts
that are longer than 200 nucleotides with a
molecular weight of up to approximately 100 kb
[3, 4]. Interestingly, transcriptomic profiles of
INcRNAs in brain microvascular endothelium
are reported to be altered after cerebral isch-
emia, suggesting the potential pathological
roles of these transcripts in mediating endothe-
lial responses to ischemic stimuli [5]. In addi-
tion, a better understanding of the expression
and functions of IncRNAs would pave the way
for the utilization of these molecules as promis-
ing neuroprotectants against ischemic brain
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injury [6]. Following cerebral ischemia, the neu-
roprotective roles of several INcRNAs against
ischemic brain injury have been reported. For
instance, the non-coding RNA, IncRNA H19,
has been demonstrated to be upregulated by
hypoxia and subsequently activate autophagy
to induce cerebral ischemia-reperfusion injury
and therefore may act as a potential target for
the treatment of ischemic stroke [7]. The down-
regulation of INcRNA, Meg3, could regulate the
Notch signal transduction pathway to promote
angiogenesis after ischemic brain injury [8].
Similarly, IncRNA, C2dat1, was demonstrated
to modulate Ca?'/calmodulin-dependent pro-
tein kinase Il d-isoform (CaMKII®) expression
leading to the neuronal survival following cere-
bral ischemia, and therefore, may serve as a
novel target for the prevention and therapy of
cerebral ischemia [9]. Recently, human urothe-
lial carcinoma associated 1 (UCA1), an IncRNA
that was first identified in human bladder carci-
noma [10], has been shown to play an onco-
genic role in the initiation and progression of a
variety of prevalent cancers, such as osteosar-
coma [11], glioma [12], gastric cancer [13],
lung cancer [14], and breast cancer [15].
However, the roles of UCA1 in preventing brain
injury following cerebral ischemia have not
been completely illustrated and therefore
remain elusive.

In the present study, with an aim to investigate
the role of UCAL in cerebral ischemia, we stud-
ied the expression of UCA1 under hypoxia and
the effects of its suppression on preventing
hypoxia injury in neuronal PC-12 cells. In addi-
tion, the study involved an investigation of the
relationship between UCA and miR-18a and
between miR-18a and SRY-box containing gene
6 (SOXB6), a protein actively involved in neuronal
differentiation. Moreover, the roles of the UCA1-
miR-18a-SOX6 axis in countering hypoxia-
induced injury in PC-12 cells were further
explored. Therefore, our study aimed to eluci-
date the roles and regulatory mechanisms of
UCA1 in preventing hypoxia-induced neuronal
injury to provide new insights into its therapeu-
tic potential for the treatment of ischemic brain
injury following cerebral ischemia.

Materials and methods
Cell culture and treatment

The neuronal pheochromocytoma (PC)-12 cells
(Kunming Institute of Zoology, Chinese Academy
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of Sciences, Kunming, China) were cultured in
Dulbecco’s Modified Eagle’'s Medium (DMEM)
containing 10% (v/v) fetal bovine serum (FBS),
100 U/mL penicillin, and 100 pg/mL strepto-
mycin. The cells were maintained in a humidi-
fied incubator containing 5% CO, at 37°C. For
the hypoxic and normoxic conditions, the cells
were exposed to 3% and 10% O, culture condi-
tions, respectively.

Quantitative real-time polymerase chain reac-
tion (QRT-PCR)

Total RNA was extracted from PC-12 cells using
Trizol reagent (Life Technologies Corporation,
Carlsbad, CA, USA) following the manufactur-
er’'s instructions. After determining the quality
of total RNA extracted using ultraviolet spe-
ctrophotometer (SMA 400 UV-VIS, Merinton,
Shanghai, China), it was reverse-transcribed
into complementary DNA (cDNA) using iScript™
cDNA Synthesis Kit (Bio-Rad Laboratories,
USA). To check the expression levels of UCA1L,
SOX6, and miR-18a, the quantitative real-time
polymerase chain reaction (QRT-PCR) analysis
was conducted using One Step SYBR®
PrimeScript®PLUS RT-PCR Kit (Takara, Dalian,
China), RNA PCR Kit (AMV) Ver.3.0 (Takara
Dalian, China), and TagMan Universal Master
Mix Il with the TagMan MicroRNA Assay (Applied
Biosystems, Foster City, CA, USA), respectively.
The relative expressions of targets were nor-
malized to glyceraldehyde 3-phosphate dehy-
drogenase (GAPDH) that served as the internal
control and calculated by the relative quantifi-
cation (222°) method.

Cell transfection

Short-hairpin RNAs (shRNAs) against human
IncRNA UCA1 (sh-UCA1) and SOX6 (sh-SOX6)
were ligated into the U6/GFP/Neo plasmid
(GenePharma, Shanghai, China) for the sup-
pression of UCA1 and SOX6, respectively. The
full-length SOX6 sequence was cloned into the
pEX-2 vector (GenePharma, pEX-SOX6) to over-
express SOX6. The vector carrying a non-target-
ing sequence was used as a negative control
(NC). MiR-18a mimic, miR-18a inhibitor, and
their respective NCs were also synthesized
(Life Technologies Corporation, MD, USA). For
cell transfection, the cells were seeded into a
24-well plate, followed by the transfection with
sh-UCA1, sh-SOX6, sh-NC, pEX-SOX6, pEX, miR-
18a mimic, mimic NC, miR-18a inhibitor, and
inhibitor NC using Lipofectamine 2000 (Life
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Technologies Corporation, Carlsbad, CA, USA)
according to the manufacturer’s instructions.
The cells were harvested at 48 h post-trans-
fection for subsequent experiments and an-
alyses.

Cell viability assay

For assessing the cell viability, 3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyltetrazolium  bromide
(MTT) assay was performed. PC-12 cells at a
density of 5 x 10* cells/mL were cultured into a
96-well plate in triplicate. After 48 h of trans-
fection, 20 uL of MTT solution was added to
each well and the cells were incubated for 4 h.
To dissolve the formazan crystals (MTT reduced
by living cells), 200 uL of dimethyl sulfoxide
(DMSO) was added to each well. The absor-
bance of each well was then measured with a
microplate reader at 492 nm (BioTek, USA). The
cell viability rate (%) was calculated as the
absorbance of formazan in the treatment
group/the absorbance of formazan in the con-
trol group x 100%. The measured formazan is
presumed to be directly proportional to the
number of living cells.

Migration assay

Cell migration acts as a major mechanism for
the progression of many diseases including
cancer and contributes to metastasis [16]. The
cell migration was determined by Transwell cul-
ture chamber with a pore size of 8 mm. Briefly,
the cells were suspended in serum-free medi-
um and seeded into the upper compartment of
a 24-well Transwell culture chamber. Complete
medium was then added to the lower compart-
ment of the chamber, which served as a che-
moattractant. After 12 h of incubation at 37°C
(to allow the cells to settle down), non-migrated
cells in the upper compartment of the chamber
were carefully removed with a cotton swab. The
traversed cells across the membrane that were
considered to have migrated into the lower
chamber were washed, fixed with methanol,
stained with leucocrystal violet, and counted
under a microscope spanning a total of five
fields.

Invasion assay
Cell invasion was determined using a modified

invasion chamber with a pore size of 8 mm.
Briefly, after 48 h of transfection, cells at a den-

8189

sity of 5.0 x 10* were cultured in serum-free
DMEM medium and seeded into the upper
chamber of a BD BioCoat™ Matrigel™ Invasion
Chamber (BD Biosciences). The cells were
allowed to invade into the lower chamber filled
with complete medium containing 10% FBS.
After incubation for 48 h at 37°C, a cotton swab
was used to remove the non-invaded cells in
the upper chamber carefully. The cells that
invaded into the bottom of the Matrigel matrix-
coated chamber were washed, fixed in metha-
nol, stained with 0.1% crystal violet, and were
counted in a total of five fields under a micro-
scope (Olympus, Tokyo, Japan).

Apoptosis assay

Cell apoptosis was analyzed by double stain-
ing with fluorescein isothiocyanate (FITC)-co-
njugated Annexin V and propidium iodide (PI).
Briefly, cells in the different groups were har-
vested after 48 h of transfection, fixed in 70%
ethanol, and then stained with FITC-Annexin V
and Pl in the presence of 50 uyg/mL RNase A
(Sigma-Aldrich, St Louis, MO, USA). After incu-
bation for 1 h at room temperature in dark, the
apoptotic cells were detected by flow cytometry
using a FACS machine (Beckman Coulter,
Fullerton, CA, USA). The flow cytometric data
were analyzed using CellQuest 3.0 software
(Becton Dickinson, NJ, USA).

Reporter vector construction and luciferase
reporter assay

To construct the reporter vector, UCA1-wild-
type (UCA1-WT), a fragment from UCA1 contain-
ing the putative binding site of miR-18a was
amplified using polymerase chain reaction
(PCR). The amplified fragment was cloned into
a pmirGLO Dual-Luciferase miRNA Target Ex-
pression Vector (Promega, Madison, WI, USA).
The above reporter vector and miR-18a mimics
were then co-transfected into human embryon-
ic kidney (HEK) 293T cells. At 48 h of post-
transfection, the luciferase activity was then
checked using the Dual-Luciferase Reporter
Assay System (Promega, Madison, WI, USA).
The Renilla luciferase gene was used as an
internal control.

Western blot assay

The PC-12 cells in different groups were har-
vested and lysed in radioimmunoprecipitation

Int J Clin Exp Pathol 2017;10(8):8187-8198
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Figure 1. Hypoxia induces injury in PC-12 cells. A: Cell viability; B: Cell migration; C: Cell invasion; D: Cell apoptosis;
E: The expression of apoptosis-related proteins; F: Hypoxia promotes the expression of UCAL in PC-12 cells. Data

are expressed as mean + SD. *, P < 0.05, **, P < 0.01.

(RIPA) buffer (Beyotime Biotechnology, Shang-
hai, China) containing protease inhibitors (Ro-
che, Guangzhou, China) to extract the total pro-
tein. The protein extracts were then quantified
with the bicinchoninic acid (BCA)™ Protein
Assay Kit (Pierce, Appleton, WI, USA). An equal
amount of protein extracts were separated on a
10% sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) and blotted onto
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the polyvinylidene difluoride (PVDF) membrane
(Millipore, MA, USA). The membranes were
incubated overnight at 4°C in primary antibod-
ies prepared in 5% blocking buffer. Primary
antibodies to Bax, Bcl-2, pro-caspase-3, cle-
aved-caspase-3, pro-caspase-9, cleaved-cas-
pase-9, SOX6, and GAPDH (1:1000 dilution,
Santa Cruz County, Delaware Avenue, CA, USA)
were used in this study. GAPDH served as the

Int J Clin Exp Pathol 2017;10(8):8187-8198



UCA1-miR-18a-SOX6 following cerebral ischemia

A S 1.5
@
(7]
g
£ 1.01
[}]
=
i ok
D 0.5
-
=
s
& 0.0-
A N,
& s S
© By
C __ 150~
< I
o
£ 1001 | II
=
£
g 501
-
o
@
i3
0-
N . N
& & ‘}\\\0 <
[ Qt\Q & S
Qo"' &
S ‘,o"'
B3
E 20-
g - -
~— ]
‘_n 15+
©
o
© 104
1]
S
- =
o
<
0-
b . N
& & & <
=)
00 &Q '\'bx f}\‘
s &
& Qo"'
3

B 150-
- *
<
Emo- | T
=
=
2> 504
Q
(&)
U-
R & & &
[+) A
o ES) +\.-g‘ &
& ®
N) QO
83
D 150+
'GE * *
s
r | | ==
g
£
g 5
s
[+H]
o
o-
> 2 N
‘x‘\‘o ol (’\e‘o &
() AQ x" -
Qo .\q;‘
) oF
,\Q
&
F Bl . S——
Bax = e — — ———

pro-Caspase-3 M o me—
cleaved-Caspase-3 "EG_ i S———
cleaved-Caspase-O G s S i——
cleaved-Caspase-9 me s - S W—

CAPDH s s i s
& & f}é’ \‘0\;\
S
(s) -3
N 5
v 9
L
&

Figure 2. The suppression of UCA1 alleviates hypoxia injury in PC-12 cells. A: The expression of UCA1 in different
treatment groups; B: Cell viability; C: Cell migration; D: Cell invasion; E: Cell apoptosis; F: The expression of apopto-
sis-related proteins. Data are expressed as mean + SD. *, P < 0.05, **, P < 0.01.

internal control. Following incubation, the mem-
branes were probed with appropriate second-
ary antibodies conjugated to horseradish per-
oxidase (HRP) for 1 h. After rinsing, the
membranes were transferred into the Bio-Rad
ChemiDoc™ XRS system and visualized by incu-
bation in Immobilon Western Chemiluminescent
HRP Substrate (Millipore, MA, USA).
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Statistical analysis

Each experiment was conducted in triplicate
and the data obtained from multiple experi-
ments were presented as the mean + standard
deviation (SD). The statistical analyses of these
data were performed using GraphPad 6.0 sta-
tistical software (GraphPad Prism, San Diego,

Int J Clin Exp Pathol 2017;10(8):8187-8198
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Figure 3. miR-18a as the direct target of UCAL. A:
The expression of miR-18a in different treatment
groups; B: The luciferase report activity of UCAL-WT
and UCA1-MUT. Data are expressed as mean + SD.
*,P<0.05, **, P<0.01.

CA, USA). The statistically significant difference
was calculated using a one-way analysis of vari-
ance (ANOVA) with the threshold value of P <
0.05.

Results
Hypoxia induces injury in PC-12 cells

In the current study, we first analyzed the
effects of hypoxia on PC-12 cells. In compari-
son to the control group, hypoxic conditions sig-
nificantly inhibited the viability (Figure 1A),
migration ability (Figure 1B), and invasion
potential of PC-12 cells (Figure 1C). The treat-
ment also induced massive apoptosis (Figure
1D, P < 0.05) as evident by an increase in the
expression of apoptosis-related proteins. As
shown in Figure 1E, the expression of Bcl-2, an
anti-apoptotic protein, was considerably redu-
ced after hypoxia treatment compared with the
control groups, whereas the expression levels
of pro-apoptotic proteins, such as Bax, cleaved-
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caspase-3, and cleaved-caspase-9 were mark-
edly increased.

Hypoxia promotes expression of UCA1 in PC-
12 cells

Figure 1F depicts the effect of hypoxia on the
expression of UCAL in PC-12 cells. The results
demonstrated a significant upregulation in the
expression of UCA1 after hypoxia insult of cells
as compared with control (P < 0.05).

Suppression of UCAL alleviates hypoxia injury
in PC-12 cells

To investigate the effects of UCA1 expression
on hypoxic PC-12 cells, we conducted sh-RNA-
mediated suppression of UCAL in PC-12 cells.
As presented in Figure 2A, sh-UCA1 could
effectively reduce the expression of UCA1 in
sh-UCA1 group than in the control or si-NC
group (P < 0.05), indicating a successful inhibi-
tion of UCAL in PC-12 cells. In addition, the
results demonstrated that the suppression of
UCA1 substantially alleviated the hypoxia-
induced decline in the cell viability (Figure 2B),
migration ability (Figure 2C), and invasion
potential (Figure 2D). It also inhibited hypoxia-
induced cell apoptosis (Figure 2E, P < 0.05) as
shown by a reversal in the expression of the
apoptosis-related proteins after the suppres-
sion of UCA1 (P < 0.05, Figure 2F). These data
indicated that the suppression of UCA1 could
efficiently mitigate the injurious effects of
hypoxia in PC-12 cells.

MiR-18a is a direct target of UCAL

We further investigated the relationship bet-
ween miR-18a and UCA1. The results demon-
strated a significantly higher expression of
miR-18a in sh-UCA1 group as compared to the
control or sh-NC group (P < 0.05, Figure 3A),
suggesting a negative regulatory relationship
between miR-18a and UCA1. In addition, the
results of luciferase reporter assay displayed
that miR-18a mimic remarkably inhibited the
luciferase reporter activity of UCAL-WT (P <
0.05) rather than UCA1-MUT (Figure 3B). These
data are indicative of miR-18a to be a direct tar-
get of UCAL.

Suppression of miR-18a aggravates hypoxia
injury in PC-12 cells

As shown in Figure 4A, an appreciable increase
in the expression of miR-18a after transfection

Int J Clin Exp Pathol 2017;10(8):8187-8198
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of PC-12 cells by its mimic was observed as
compared with the control or mimic NC groups.
However, its expression in miR-18a inhibitor
group was markedly decreased (P < 0.05), indi-
cating that the transfection of PC-12 cells with
miR-18a mimic and miR-18a inhibitor could
efficiently overexpress and suppress miR-18a,
respectively. The combined effect of sh-UCAL
and miR-18a inhibitor was further explored. We
found that in comparison with hypoxia + sh-
UCA1 + inhibitor NC group, the suppression of
miR-18a aggravated the hypoxia-induced isch-
emic injury in hypoxia + sh-UCA1 + miR-18a
inhibitor transfected cells. The effect was clear-
ly visible in terms of a notable reduction in
cell viability (Figure 4B), migration potential
(Figure 4C), and invasion property (Figure 4D).
We also reported an induction of apoptosis
(Figure 4E, P < 0.05) since the expression of
Bcl-2 in hypoxia + sh-UCA1 + miR-18a inhibitor
group was significantly decreased compared
with hypoxia + sh-UCA1 + inhibitor NC. Contrary
to this, the expressions of Bax, cleaved-cas-
pase-3, and cleaved-caspase-9 were markedly
elevated (Figure 4F). These data corroborate
the finding that the suppression of UCA1 allevi-
ates hypoxia injury in PC-12 cells through an
upregulation of expression of miR-18a.
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SOX6 is a direct target of miR-18a

In the present study, based on the information
of TargetScanHuman, we predicted SOX6 to be
a potential target of miR-18a (Figure 5A). The
results of luciferase reporter assay further con-
firmed the above possibility, as miR-18a mimic
significantly inhibited the luciferase reporter
activity of SOX6-WT (P < 0.05) and not of SOX6-
MUT (Figure 5B). Moreover, the mRNA and
protein expression levels of SOX6 were signifi-
cantly reduced in the miR-18a mimic group
compared with the mimic NC group. On the
other hand, the expression levels were mark-
edly increased in miR-18a inhibitor group com-
pared with inhibitor NC group (P < 0.05, Figure
5C and 5D). The above findings indicated that
SOX6 was a direct target of miR-18a and nega-
tively regulated by it.

Overexpression of SOX6 aggravates hypoxia
injury in PC-12 cells

To detect whether SOX6 is a downstream target
of miR-18a, it was simultaneously overex-
pressed and knocked down in PC-12 cells by
transfection with pEX-SOX6 and sh-SOX6, res-
pectively. As shown in Figure 6A, SOX6 expres-

Int J Clin Exp Pathol 2017;10(8):8187-8198
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sion was considerably increased in the pEX- SOX6 group compared with control or their
SOX6 group, whereas it decreased in the sh- respective NC groups (P < 0.05). In comparison
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with hypoxia or hypoxia + pEX group, the over-
expression of SOX6 aggravated the hypoxia-
induced ischemic injury in PC-12 cells by signifi-
cantly inhibiting cell viability (Figure 6C),
migration potential (Figure 6D), and invasive
property (Figure 6E), and inducing apoptosis
(Figure 6F, P < 0.05). However, the knockdown
of SOX6 exhibited contrary results.

Discussion

In the present study, the effects and mecha-
nisms of IncRNA UCA1 on PC-12 cells exposed
to hypoxia-induced stress were studied. The
results demonstrated some interesting find-
ings. The results revealed that an exposure to
hypoxia inhibited cell viability, reduced migra-
tion, and invasion potential, and promoted cell
apoptosis in PC-12 cells, collectively called
“hypoxia-induced injury”. Moreover, hypoxia
treatment enhanced the expression of UCA1 in
PC-12 cells. We also found miR-18a to be a
direct target of UCAL. The up-regulation of miR-
18a significantly decreased UCA1 expression,
thereby mitigating the effects of UCA1-mediated
hypoxia injury. Besides, miR-18a was shown to
target SOX6 whose expression was negatively
regulated by miR-18a. In addition, overex-
pressed SOX6 could aggravate the hypoxia
injury in PC-12 cells, whereas a knockdown of it
exhibited contrary results. Taken together, our
study provides a novel and potential strategy
for the treatment of neuronal injury induced by
hypoxia.

In the previous studies, UCA1 has been impli-
cated in several cancers, where its pathological
roles were found to be mediated by miRNAs.
For instance, Wei demonstrated that UCA1
contributed to melanoma cell proliferation,
invasion, and GO/G1 cell cycle arrest by target-
ing miR-507 [17]. Bian reported that UCA1
enhanced colorectal cancer cell proliferation
and mediated resistance to 5-fluorouracil by
inhibiting the expression of miR-204-5p [18].
Similarly, Nie confirmed UCA1 to play an onco-
genic role in non-small cell lung cancer through
targeting miR-193a-3 [19]. On the same lines,
in our study, we found miR-18a to be a direct
target of UCAL. MiR-18a, a reported brain-spe-
cific miRNA, has been shown to be upregulated
in frontal lobe and hippocampus after treat-
ment with duloxetine [20]. However, it has been
shown to be downregulated under hypoxic con-
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ditions in PC12 cells, which in turn alleviates
the cerebral ischemic injury through targeting
ATXNZ [241]. In addition, miR-18a can regulate
the activity or expression of hypoxia inducible
factor-1a (HIF-1a), thereby mediating the pro-
gression of several diseases [22-24]. HIF-1« is
shown to have both neuroprotective and neuro-
toxic effects in hypoxic ischemia and may serve
as a target for the therapy of hypoxic ischemia
[25]. In our study, UCA1 was upregulated under
hypoxic conditions and a suppression of it alle-
viated hypoxiainjury in PC-12 cells. Upregulation
of miR-18a mediated the effects of suppres-
sion of UCAL on hypoxia injury. Although the
role of UCA1 after hypoxic ischemia has not
been completely investigated, considering the
protective effects of miR-18a against the cere-
bral ischemic injury, we speculate that UCAL1
may contribute to the cerebral hypoxia injury by
targeting miR-18a. Another important finding of
our study was that SOX6 served as a target of
miR-18a, and its expression could be negative-
ly regulated by miR-18a. SOX6 belongs to the
D-sub family of SOXs and has been shown to
participate in the development of the central
nervous system by mediating neuronal differ-
entiation and insulin resistance [26, 27]. SOX6
is also shown to be implicated in the determina-
tion of cell fate, proliferation, and differentia-
tion [28]. During neocortical development, it
can function as a central regulator of dorsal
progenitor identity and interneuron diversity
[29]. The pathological roles of SOX6 are found
in several disease conditions, such as endome-
triosis [30], sepsis-induced cardiac apoptosis
[31], and various cancers [32, 33]. In the pres-
ent study, an overexpression of SOX6 could
aggravate the injurious effects of hypoxic stress
in PC-12 cells, whereas a knockdown of SOX6
completely exhibited contrary results. Although
the role of SOX6 in hypoxic ischemia is not char-
acterized, we speculate that it may be acting
downstream of UCA1-miR-18a pathway to con-
trol the process of cerebral hypoxia injury.

In conclusion, the present study provides
a comprehensive analysis of UCA1-miR-18a-
SOX6 axis in the hypoxia injury following cere-
bral ischemia. The results revealed that the
upregulation of UCA1 decreases the expression
of miR-18a, consequently leading to an increase
in the expression of SOX6, thereby contributing
to the hypoxia injury following cerebral isch-
emia. We believe that our findings may serve as

Int J Clin Exp Pathol 2017;10(8):8187-8198
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a platform for the synthesis of novel and poten-
tial therapeutic strategies for the treatment of
cerebral infarction and ischemic stroke.
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