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Abstract: Background: Spinal cord injury (SCI) is a serious neurological disease, in which reactive oxygen spe-
cies, such as hydrogen peroxide (H,0,), are produced in excess, causing growth arrest and cell death. The pres-
ent study evaluated the effects of long non-coding RNA (IncRNA) H19 on H,0_-injured pheochromocytoma (PC-12)
cells. Methods: H,0, was used to induce injury in PC-12 cells. We then measured the effects of suppression of
H19, downregulation of microRNA (miR)-155, and overexpression of forkhead box protein 01 (FOXO1) on viability,
migration, invasion, and apoptosis in H,0.-injured PC-12 cells in separate experiments. In these experiments, qRT-
PCR was used to measure expression levels of different mMRNAs and western blot analysis was used to measure
different protein expressions. Results: H,0, injured PC-12 cells by decreasing cell viability, migration, and invasion,
and increasing apoptosis. Suppression of H19 expression further increased H,O,-induced injury in PC-12 cells.
Suppression of H19 also increased miR-155 expression, which was identified as a target of H19 using luciferase
reporter assay. Downregulation of miR-155 protected PC-12 cells from H,O,-induced injury. FOXO1 was identified
as a target of miR-155, and expression of FOXO1 was decreased by miR-155 overexpression. RT-PCR and western
blot analysis revealed that overexpression of FOXO1 decreased H,O,-induced PC-12 cell injury by activating PI3K/
AKT and Wnt/B-catenin signal pathways. Conclusion: These findings suggest that suppression of H19 expression
promotes H,O_-induced PC-12 cell injury, while downregulation of miR-155 and overexpression of FOXO1 protects
PC-12 cells from H,0,-induced injury via activation of PI3K/AKT and Wnt/B-catenin signaling pathways.
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Introduction

Spinal cord injury (SCI) is a common neurologi-
cal disorder, which influences the quality of life
and triggers serious socio-economical and psy-
chosocial consequences. SCI can be divided
into primary and secondary mechanisms of
injury. Primary SCl is caused by mechanical dis-
ruption of the spinal cord, resulting into hemor-
rhage, edema, axonal and neuronal necrosis,
and demyelination, followed by cyst formation
and infarction [1]. Secondary SCl is induced by
multiple processes, including neuronal and
glial apoptosis, inflammation, glial scar forma-
tion, local edema/ischemia, and oxidative
stress [2, 3]. Treatment of SCI remains to be
challenging due to multiple factors, such as
axonal disruption, extensive cell loss, lack of

growth-promoting molecules, and excess of
growth-inhibiting molecules in the scar [4]. Due
to the devastating nature of SCI, prevention,
treatment, and rehabilitation of SCl has become
very essential. Understanding of secondary
mechanisms will serve as a basis for the devel-
opment of targeted pharmacological strategies
to promote neuroprotection and restoration
while alleviating ongoing neural injury.

It has been reported that non-coding RNAs
have significant regulatory functions in SCI
[5-7]. Noncoding RNAs can be divided into short
non-coding RNAs (which include microRNA) and
long non-coding RNAs (IncRNAs). LncRNAs are
transcripts longer than 200 nucleotides, and
can regulate gene expression at the level of
chromatin modification, transcription and post-
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transcriptional processing through different
mechanisms [5]. Several studies have revealed
that IncRNAs are abundant in the central ner-
vous system (CNS) and are involved in several
neurological conditions, including neurodevel-
opmental, neurodegenerative and neuroimmu-
nological disorders; primary brain tumors; and
psychiatric diseases [8, 9].

The H19 gene produces IncRNA that is 2.3 kb
long [10]. LncRNA H19 is highly expressed in
extraembryonic tissues, embryo proper and
most fetal tissues, but the expression was sig-
nificantly reduced after birth [11]. The func-
tions of H19 reported by researchers are con-
tradicting. Few studies reported that H19 is a
tumor suppressor gene [10], while other stud-
ies showed that H19 was overexpressed in
many malignancies, including breast cancer
[12, 13], bladder cancer [14, 15], and cervical
carcinoma [16]. Role of H19 in cell injury was
evaluated in very few studies. Kim et al report-
ed that H19 was re-expressed in rat vascular
smooth muscle cells after injury [17]. However,
role of H19 in SCl is still unclear and needs to
be explored. In the present study, we evaluated
the role of H19 in SCI by measuring its impact
on hydrogen peroxide (H,0,)-injured pheochro-
mocytoma (PC-12) cells, and exploring its
underlying mechanisms.

Materials and methods
Cell culture and H,0, treatment

PC-12 cells used in the study were purchased
from Kunming Institute of Zoology (Kunming,
China). The cells were seeded in flasks at a den-
sity of 1 x 10* cells/ml in Dulbecco’s Modified
Eagle’s Medium (DMEM) with 10% (v/v) fetal
bovine serum, 100 U/ml penicillin and 100 ug/
ml streptomycin. This mixture was maintained
at 37°C in a humidified incubator containing
5% CO,,. In hypoxia and normoxia culture condi-
tions, the O, concentration was 3% and 21%,
respectively. Culture medium was changed
every other day. For H,O, treatment, the cells
were plated in cell culture multi-well plates
(Thermo Scientific, Nunc™, Denmark) at a den-
sity of 5 x 10* cells/m for 24 h. The cells were
treated with fresh medium with 200 uM of H,0,
for 24 h to construct the injury model. The con-
trol group was treated with the same medium
without H,O,,.
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Quantitative reverse transcription polymerase
chain reaction (QRT-PCR)

Total RNA was extracted from cells and tissues
using Trizol reagent (Life Technologies Corpo-
ration, Carlsbad, CA, USA) according to the
manufacturer’s instructions. One Step SYBR®
PrimeScript®PLUS RT-RNA PCR Kit (TaKaRa
Biotechnology, Dalian, China) was used for the
real-time PCR analysis to test the expression
levels of H19. TagMan MicroRNA Reverse
Transcription Kit and Tagman Universal Master
Mix Il with the TagMan MicroRNA Assay of miR-
155 and U6 (Applied Biosystems, Foster City,
CA, USA) were used for testing the expression
levels of miR-155 in cells and tissues. For the
test of forkhead box protein 01 (FOX01), RNA
PCR Kit (AMV) Version 3.0 (TaKaRa Biote-
chnology, Dalian, China) was used. Glycera-
Idehyde 3-phosphate dehydrogenase (GAPDH)
used in this study for normalizing fold changes
was calculated by relative quantification (244t
method.

Transfection and generation of stably trans-
fected cell lines

Short-hairpin (sh)RNA directed against human
IncRNA H19 was ligated into the U6/GFP/Neo
plasmid (GenePharma, Shanghai, China) and
was referred to as sh-H19. For the analysis of
the FOXO1 functions, the full-length FOXO1
sequences and short-hairpin  RNA directed
against FOXO1 were constructed in pEX-2 and
U6/GFP/Neo plasmids (GenePharma), respec-
tively. They were referred to as pEX-FOXO1 and
sh-FOX01, respectively. Lipofectamine 3000
reagent (Life Technologies Corporation, Carls-
bad, CA, USA) was used for cells transfection,
according to the manufacturer’s instructions.
The plasmid carrying a non-targeting sequence
was used as a negative control (NC) of sh-H19
and sh-FOX01, and was referred to as sh-NC.
The stably transfected cells were selected by
the culture medium containing 0.5 mg/ml
G418 (Sigma-Aldrich, St Louis, MO, USA). After
approximately 4 weeks, G418-resistant cell
clones were established. microRNA (miR)-155
mimics, inhibitors and their respective NC were
synthesized (Life Technologies Corporation,
MD, USA) and transfected into cells. Because
the highest transfection efficiency occurred at
48 h, the 72 h time point post transfection was
considered as the harvest time in the subse-
quent experiments.
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Cell viability assay

For cell viability assay, 1 x 10° cells were seed-
ed in duplicate in 60 mm dishes. At the indi-
cated time periods, cells were washed and live
cell numbers were determined by trypan blue
exclusion.

Apoptosis assay

Cell apoptosis analysis was performed using
propidium iodide (Pl) and fluorescein isothiocy-
nate (FITC)-conjugated Annexin V staining. Bri-
efly, cells were washed in phosphate buffered
saline (PBS) and fixed in 70% ethanol. Fixed
cells were then washed twice in PBS and
stained in PI/FITC-Annexin V in the presence of
50 pg/ml RNase A (Sigma-Aldrich), and then
incubated for 1 h at room temperature in the
dark. Flow cytometry analysis was done using a
FAC Scan (Beckman Coulter, Fullerton, CA,
USA). The data were analyzed using FlowJo
software.

Migration and invasion assay

Cell migration was determined using a modified
two-chamber migration assay with a pore size
of 8 mm. For the migration assay, cells sus-
pended in 200 ml of serum-free medium were
seeded on the upper compartment of 24-well
Transwell culture chamber, and 600 ml of com-
plete medium was added to the lower compart-
ment. After incubation at 37°C, cells were fix-
ed with methanol. Non-traversed cells were
removed from the upper surface of the filter
carefully with a cotton swab. Traversed cells on
the lower side of the filter were stained with
crystal violet and counted.

Cell invasion was determined using 24-well
Millicell Hanging Cell Culture inserts with 8 mm
PET membranes (Millipore, Bedford, Massachu-
setts, USA). Briefly, after the cells were treated
for indicated condition, 5.0 x 10* cells in 200 pl
serum-free DMEM were plated in BD BioCoatTM
Matrigel TM Invasion Chambers (8 uM pore size
polycarbonate filters; BD Biosciences), while
complete medium containing 10% fetal bovine
serum was added to the lower chamber. After
processing the invasion chambers for 48 hours
(37°C, 5% CO,) in accordance with the manu-
facturer’s protocol, the non-invading cells were
removed with a cotton swab; the invading cells
were fixed in 100% methanol and then stained
with crystal violet solution and counted micro-
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scopically. The data are presented as the aver-
age number of cells attached to the bottom
surface from five randomly chosen fields.

Reporter vectors construction and luciferase
reporter assay

The fragment from H19 containing the predict-
ed miR-155 binding site was amplified by PCR
and then cloned into a pmirGIO Dual-luciferase
miRNA Target Expression Vector (Promega,
Madison, WI, USA) to form the reporter vector
H19-wild-type (H19-Wt). To mutate the putative
binding site of miR-155 in H19, the sequence of
putative binding site was replaced and was
named as H19-mutated-type (H19-Mt). Then
the vectors and miR-155 mimics were co-trans-
fected into PC-12 cells, and the Dual Luciferase
Reporter Assay System (Promega, Madison, WI,
USA) was used for testing luciferase activity.

Western blot analysis

The proteins used for western blotting were
extracted using radioimmunoprecipitation as-
say (RIPA) lysis buffer (Beyotime Biotechnology,
Shanghai, China) supplemented with protease
inhibitors (Roche, Guangzhou, China). The pro-
teins were quantified using the BCA™ Protein
Assay Kit (Pierce, Appleton, WI, USA). The west-
ern blot system was established using a Bio-
Rad Bis-Tris Gel system according to the manu-
facturer’s instructions. Primary antibodies were
prepared in 5% blocking buffer at a dilution of
1:1000. Primary antibody was incubated with
the membrane at 4°C overnight, followed by
wash and incubation with secondary antibody
marked by horseradish peroxidase for 1 hour at
room temperature. After rinsing, the polyvinyli-
dene difluoride membrane carried blots and
the antibodies were transferred into the Bio-
Rad ChemiDoc™ XRS system, and then 200 l
Immobilon Western Chemiluminescent HRP
Substrate (Millipore, MA, USA) was added to
cover the membrane surface. The signals were
captured and the intensity of the bands was
quantified using Image Lab™ Software (Bio-
Rad, Shanghai, China).

Statistical analysis

All experiments were repeated three times, and
the results are presented as mean + SD.
Statistical analyses were performed using
GraphPad 6.0 statistical software. P-values
were calculated using one-way analysis of vari-
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cate a statistically significant result.

Results
H.,0, induced PC-12 cell injury

We treated PC-12 cells with 200 uM H,0, for 24
h to induce injury in the cells. To confirm injury
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Figure 1. H,O, induced PC-12 cell
injury. PC-12 cells were treated
with 200 pM H,0, for 24 h to in-
duce injury to the cells. A. Cell via-
bility. B. Cell migration. C. Cell inva-
sion. D. Cell apoptosis. E. Western
blot analysis was used to measure
effect of H,0, on Bax, Bcl-2, cas-
pase-3, and caspase-9. *P<0.05,
**P<0.01, ***P<0.001. GAPDH:
glyceraldehyde-3-phosphate dehy-
drogenase.

to the cells, H,0,-treated cells and control cells
(without H,0, treatment) were subjected to dif-
ferent analyses, viz. cell viability, invasion, mi-
gration, and apoptosis. As compared to the
control group, H,0, significantly decreased cell
viability (P<0.05; Figure 1A), migration (P<0.01;
Figure 1B), and invasion (P<0.01; Figure 1C);
but increased apoptosis (P<0.001; Figure 1D).
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Figure 2. Suppression of H19 promoted H,O,-induced cell injury. A. Quantitative RT-PCR was used to measure rela-
tive mRNA expression of short-hairpin RNA-suppressed H19 (sh-H19), sh-NC, or control. B. Cell viability; C. migra-

tion; D. invasion, and E. apoptosis results of the injured PC-12 cells, transfected with control, H O

H,0, + sh-NC,

272" 1272

or H,0, + sh-H19. E. Western blot analysis results for apoptosis. *P<0.05, ***P<0.001. GAPDH: glyceraldehyde-
3-phosphate dehydrogenase; NC: negative control; RT-PCR: reverse transcription polymerase chain reaction.

Effect of H,0, on cell apoptosis was also deter-
mined using western blot analysis. As shown in
Figure 1E, H,O, decreased the expression of
anti-apoptotic protein (Bcl-2) and increased the
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expression of pro-apoptotic proteins (Bax, cas-
pase-3, and caspase-9). These findings togeth-
er confirm that H,0, induced injury in the PC-12
cells.

Int J Clin Exp Pathol 2017;10(6):6210-6223
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Figure 3. MiR-155 was a target of H19. A. Quantita-
tive RT-PCR was used to measure relative mRNA ex-
pression of miR-155 in PC-12 cells transfected with
short-hairpin RNA-suppressed H19 (sh-H19), sh-NC,
or control. ***P<0.001. B. Relative luciferase activ-
ity of H19-wild-type (H19-Wt) and H19-mutated-type
(H19-Mt) vectors in PC-12 cells transfected with
control (without miRNA), pre-NC, or pre-miR-155.
*P<0.05. NC: negative control; RT-PCR: reverse tran-
scription polymerase chain reaction.

Suppression of H19 promoted H,0 -induced
cell injury

To measure the role of H19 in cell injury, we
suppressed the expression of H19 in the cells
using short-hairpin RNA, and then measured
the cell viability, migration, invasion, and apop-
tosis of the injured cells. The cells were then
transfected with H,0,, H,0, + sh-NC (short-hair-
pin RNA negative control), or H,0, + sh-H19.
Figure 2A showed that short-hairpin RNA sig-
nificantly suppressed mRNA expression of H19
as compared to that of NC (P<0.005). Further,
suppression of H19 significantly decreased cell
viability (P<0.05; Figure 2B), migration (P<0.05;
Figure 2C), and invasion (P<0.05; Figure 2D);
and increased apoptosis (P<0.05; Figure 2E)
as compared with NC. The western blot results
showed that the suppression of H19 decreased
the expression of Bcl-2 and increased the
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expression of Bax, caspase-3, and caspase-9
(Figure 2F). These findings indicated that sup-
pression of H19 expression promoted H,0,-
induced cell injury.

MiR-155 was a target of H19

Although IncRNAs are functionally and structur-
ally different from microRNAs, few studies have
suggested a connection between these two
classes of RNAs [11, 18]. Therefore, to identify
a possible connection of H19 with microRNA,
we measured the relative mRNA expression of
miR-155 in PC-12 cells, with suppression of
H19. Figure 3A showed that mRNA expression
of miR-155 was significantly increased in the
absence of H19 expression as compared with
NC (P<0.005), suggesting that H19 negatively
regulated the expression of miR-155.

To further confirm that miR-155 is a target of
H19, dual luciferase reporter assay was per-
formed. For this assay, two types of vector were
constructed: H19-wild-type (H19-Wt) and H19-
mutated-type (H19-Mt). Then, the vectors and
miR-155 mimics or NC were co-transfected into
PC-12 cells, and luciferase activity was mea-
sured. As shown in Figure 3B, luciferase activi-
ty was significantly decreased in the cells co-
transfected with miR-155 and H19-Wt as com-
pared to the NC (P<0.05), and no significant
changes were observed with H19-Mt vector.
These findings indicated that miR-155 was a
target of H19.

Downregulation of miR-155 protected cells
from H,0 -induced injury

As miR-155 was identified as a target of H19,
we studied the effect of miR-155 on H,O,-
induced cell injury, with suppressed expression
of H19. We used miR-155 mimic to increase
MRNA expression and si-miR-155 to decrease
MRNA expression of miR-155 in the cells. As
compared to the control group, miR-155 mimic
significantly increased mRNA expression level
of miR-155 (P<0.001; Figure 4A), and si-
miR-155 significantly decreased the expression
(P<0.001; Figure 4B).

After confirming the transfection efficiency of
miR-155 mimic and inhibitor, we studied their
effect on cell viability, migration, invasion, and
apoptosis of the injured cells, with suppressed

Int J Clin Exp Pathol 2017;10(6):6210-6223
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expression of H19. The results showed that
downregulation of miR-155 significantly incre-
ased viability (P<0.01; Figure 4C), migration
(P<0.01; Figure 4D), and invasion (P<0.01;
Figure 4E); and decreased apoptosis (P<0.01;
Figure 4F) of H,0,-injured PC12 cells. Western
blot analysis results showed that the downregu-
lation of miR-155 increased the expression of
Bcl-2 and decreased the expression of Bax,
caspase-3, and caspase-9 (Figure 4G). These
findings indicated that downregulation of miR-
155 expression protected PC-12 cells from
H,0,-induced injury.

MiR-155 downregulated FOXO1 expression

The forkhead box O (FOXO) transcription fac-
tors are essential for the regulation of stress
response and ageing. FOXO1 belongs to the
FOXO family [19]. As FOXO1 is involved in stress
response, we measured the effect of miR-155
on the expression level of FOXO1. The results
showed that, as compared to the control group,
miR-155 mimic significantly decreased the
mRNA expression level of FOXO1 (P<0.01;
Figure 5A, 5C), while si-miR-155 increased
FOXO1 expression (P<0.001; Figure 5B, 5C).
These results indicated that miR-155 negative-
ly regulated FOXO1 expression.

To confirm that FOXO1 is a target of miR-155,
dual luciferase reporter assay was performed.
The vectors (FOXO1-Wt and FOX01-Mt) and
miR-155 mimics or NC were co-transfected into
PC-12 cells. As shown in Figure 5D, luciferase

6217

sh-NC +siNGC, H,0, + sh-H19 + siNC, or
H,0, + sh-H19 + si-miR-155. (G) West-
ern blot analysis results for apoptosis.
*P<0.05, **P<0.01, ***P<0.001.
GAPDH: glyceraldehyde-3-phosphate
dehydrogenase; NC: negative control;
RT-PCR: reverse transcription poly-
merase chain reaction.

activity significantly decreased in cells co-
transfected with miR-155 and FOXO1-Wt, as
compared to the NC (P<0.05); no significant
changes were observed with FOXO1-Mt vector.
These findings suggest that FOX01 was a target
of miR-155.

Overexpression of FOXO1 decreased H,0 -
induced cell injury

For analyzing the functions of FOXO1, full-
length FOXO1 sequences and short-hairpin
RNA directed against FOXO1 were constructed
in pEX-2 and U6/GFP/Neo plasmids and were
referred to as pEX-FOX01 and sh-FOXO01, res-
pectively. The qRT-PCR and western blot results
showed that pEX-FOXO1 significantly increased
the mRNA expression of FOXO1 (P<0.001;
Figure 6A and 6C), while sh-FOXO1 decreased
the expression (P<0.001; Figure 6B and 6C),
respectively, as compared to that of the control
group.

In further experiments, we used pEX-FOXO1
and sh-FOXO01 to measure the effect of FOX01
on cell viability, migration, invasion, and apop-
tosis of the injured cells. The results showed
that pEX-FOXO01 significantly increased cell via-
bility (P<0.05; Figure 6D), migration (P<0.05;
Figure 6E), and invasion (P<0.05; Figure 6F);
and decreased apoptosis (P<0.01; Figure 6G)
as compared with cells treated with H,0, and
pEX. Conversely, sh-FOXO1 significantly decre-
ased cell viability (P<0.01; Figure 6D), migra-
tion (P<0.01; Figure 6E), and invasion (P<0.05;

Int J Clin Exp Pathol 2017;10(6):6210-6223
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Figure 5. MiR-155 downregulated FOXO1 expression. Quantitative RT-PCR was used to measure relative mRNA
expression of FOXO1 in PC-12 cells transfected with control, scramble, or miR-155 mimic (A) or control, siNC, or
si-miR-155 (B). (C) Western blot analysis results of (A) and (B). (D) Relative luciferase activity of FOXO1-wild-type
(FOXO01-Wt) and FOXO1-mutated-type (FOXO1-Mt) vectors in PC-12 cells transfected with NC or miR-155 mimic.
*P<0.05, **P<0.01, ***P<0.001. GAPDH: glyceraldehyde-3-phosphate dehydrogenase; NC: negative control; RT-

PCR: reverse transcription polymerase chain reaction.

Figure 6F); and increased apoptosis (P<0.01;
Figure 6G) as compared with the cells treated
with H,0, and shNC. Western blot results
showed that the overexpression of FOXO1 in-
creased the expression of Bcl-2 and decreased
the expression of Bax, caspase-3, and cas-
pase-9, while suppression of FOXO1 expression
reversed these results (Figure 6H). These find-
ings suggested that overexpression of FOXO1
decreased H,0_-induced PC-12 cell injury.

FOXO01 activates PI3BK/AKT and Wnt/B-catenin
signal pathways

We then studied the underlying mechanism
for these effects by measuring the effect of

6218

FOXO1 on PIBK/AKT and Wnt/B-catenin path-
ways using western blot analysis. The results
showed that overexpression of FOXO1 incre-
ased the expression of phosphorylated PISK
and AKT, Wnt3a, Wntb5a, and B-catenin, while
suppression of FOXO1 reversed these results
(Figure 7). These findings indicated that FOXO1
decreased H,0,-inudced cell injury by activat-
ing PIBK/AKT and Wnt/B-catenin signal path-
ways.

Discussion

In the present study, we evaluated the effects
and mechanisms of LncRNA H19 on H,O,-
induced PC-12 cell injury. In the first step, H,0,
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Figure 6. Overexpression of FOXO1 decreased H,0,-induced cell injury. Quantitative RT-PCR was used to measure
relative mRNA expression of FOXO1 in PC-12 cells transfected with control, scramble, or pEX-FOXO1 (A) or control,
siNC, or sh-FOXO1 (B). (C) Western blot analysis results of (A) and (B). (D) Cell viability; (E) migration; (F) invasion; and
(G) apoptosis results of the injured PC-12 cells, transfected with control, H,0,, H,0, + pEX, H,0, + pEX-FOX01, H,O,
+ shNC, or H,0, + sh-FOXO1. (H) Western blot analysis results for apoptosis. *P<0.05, **P<0.01, ***P<0.001.
GAPDH: glyceraldehyde-3-phosphate dehydrogenase; NC: negative control; FOXO1, forkhead box protein O1; RT-

PCR: reverse transcription polymerase chain reaction.
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Figure 7. FOXO1 activates PI3K/AKT pathway. West-
ern blot analysis was used to measure expressions
of PI3K, phosphorylated PI3K, AKT, phosphorylated
AKT, AKT, Wnt3a, Wntba, and B-catenin in PC-12
cells transfected with control, H,0,, pEX, pEX-FOXO01,
shNC, or sh-FOXO1. AKT: serine-threonine kinase;
GAPDH: glyceraldehyde-3-phosphate dehydroge-
nase; NC: negative control; FOXO1, forkhead box pro-
tein 01; PI3K: phosphoinositide 3-kinase.

induced injury to PC-12 cells by decreasing its
viability, migration, and invasion and increasing
apoptosis. Subsequently, we suppressed the
expression of H19 and found that this suppres-
sion further promoted H,0,-induced cell injury.
Further experiments found miR-155 as a poten-
tial target of H19 as the expression of miR-155
was negatively regulated by H19. Interestingly,
downregulation of miR-155 protected PC-12
cells from H,O_-induced injury. Then, we stud-
ied the underlying mechanisms and found
that FOXO1 was negatively regulated by miR-
155. Overexpression of FOXO1 decreased H,0,-
induced cell injury by activating PI3K/AKT and
Wnt/B-catenin signaling pathways.

H,0, is a reactive oxygen species (ROS) which
possesses higher reactivity than molecular oxy-
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gen. During oxidative stress, ROS is produced
in excess quantity which results in growth
arrest, senescence, and death of the cells.
Oxidative stress has been implicated in a vari-
ety of diseases, including SCI [20]. It has been
reported that infiltrating neutrophils release
ROS at the site of SCI; therefore, ROS plays a
key role in the secondary damage of SCI [21].
Thus, we chose H,0, to induce injury to PC-12
cells and built an oxidative stress model. PC-12
is a rat cell line derived from a pheochromocy-
toma of the adrenal medulla [22]. PC-12 cells
show unique sensitivity to changes in oxygen
availability and have been used in many in vitro
studies of SCI [23, 24].

We demonstrated that H,0, decreased viability,
migration and invasion and increased apopto-
sis of PC-12 cells. We further conducted a west-
ern blot test to measure effect of H,0, on the
expression of anti-apoptotic protein (Bcl-2) and
pro-apoptotic proteins (Bax, caspase-3, and
caspase-9). Previous studies reported that the
Bcl-2 family and the caspase family play crucial
roles in H,0,-induced apoptosis in PC-12 cells
[25, 26]. Caspase-3 is synthesized as an inac-
tive precursor (pro-caspase-3), which is cleaved
proteolytically to produce a mature enzyme
(cleaved-caspase-3); cleaved-caspase-9 is pro-
duced the same way [27]. Our results showed
that H,O, decreased the expression of Bcl-2
and increased the expression of Bax, cleaved-
caspase-3, and cleaved-caspase-9. Other stud-
ies have reported similar results. These reports
showed that H,0, downregulated Bcl-2 expres-
sion and increased caspase-3 expression [25,
26].

Role of IncRNA H19 has been studied in many
malignant diseases. Majority of the studies
have demonstrated that H19 increases cell
viability and decreases apoptosis. Ma et al
reported that H19 promoted cell proliferation in
pancreatic ductal adenocarcinoma [28]. Like-
wise, Yang et al demonstrated that upregula-
tion of H19 increased cell proliferation and
downregulation increased apoptosis of gastric
cancer cells [29]. In our study, we demonstrat-
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ed that downregulation of H19 decreased cell
viability, migration, and invasion and increased
apoptosis of H,O_-injured PC-12 cells. To our
knowledge, this is the first study to report the
effects of H19 on H,0,-injured PC-12 cells.

MicroRNAs are small, non-coding RNAs that
regulate the expression of protein-encoding
genes at the post-transcriptional level. Micro-
RNAs are involved in various cellular processes
such as cell proliferation, apoptosis, and differ-
entiation [6, 30, 31]. It has been reported that
microRNAs play key role in the process of nerve
development and injury repair [6, 32, 33]. In our
study, we identified miR-155 as a potential tar-
get of H19. It has been suggested that miR-155
was involved in many biological processes,
including inflammation and immunity [34]. MiR-
155 was upregulated during SCI, which causes
inflammatory destruction of the spinal cord
[35]. Yi et al reported that miR-155 deficiency
suppresses Thl7 cell differentiation and im-
proves locomotor recovery after SCI [36]. Ano-
ther report suggested that suppression of miR-
155 decreases neuropathic pain [37]. In con-
sistence with these reports, we demonstrated
that downregulation of miR-155 protected PC-
12 cells from H,0,-induced injury by increasing
cell viability, migration, and invasion and de-
creasing apoptosis.

Luciferase reporter assay identified FOXO1 as
a target of miR-155. In addition, miR-155 nega-
tively regulated FOXO1 expression. In skeletal
muscle of chronic SCI patients, decreased
expression of FOXO1 mRNA and protein was
noted [38]. In contrast, Long et al reported
marked increase in the FOXO1 protein content
and mRNA expression in skeletal muscle of SCI
patients [39]. The reason for these different
results is still not clear. In our study, overex-
pression of FOXO1 decreased H,0,-induced
PC-12 cell injury by increasing cell viability,
migration, and invasion and decreasing apopto-
sis. We explored the underlying mechanism
using western blot analysis and found that
FOXO1 exerts these effects by activating PI3K/
AKT and Wnt/B-catenin signal pathways. PI3K/
AKT signal pathway is an important pathway for
cell survival, proliferation, and migration [40].
Recent studies have shown that the activation
of PI3K/AKT is crucial in protecting nerve cells
against ischemia and anoxia neuron damage
[41-44]. Wnt signaling pathway regulates cell
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migration, cell fate determination, cell polarity,
neural patterning and organogenesis during
embryonic development [45]. It has been re-
ported that Wnt proteins play crucial roles dur-
ing CNS development and have been involved
in several neurological diseases, including SCI
[46].

In conclusion, this study demonstrated that
suppression of IncRNA H19 promoted H,0,-
induced injury to PC-12 cells by decreasing cell
viability, migration, and invasion and increasing
apoptosis. In addition, downregulation of miR-
155, which was identified as a target of H19,
protected PC-12 cells from H,0,-induced injury.
FOXO1 was identified as a target of miR-155
and overexpression of FOXO1 protected PC-12
cells from H,0,-induced injury by activating
PI3BK/AKT and Wnt/B-catenin signaling path-
ways. Our research might provide new insights
in the prevention and treatment of SCI.
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