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Abstract
Background. MiR-494 is reported to act as a tumor-suppressive factor that inhibits the proliferation and 
colony formation of some cancer cells. However, there is still no report available on miR-494 functions 
in spinal cord injury (SCI) until now.

Objectives. The objective of this study was to examine the status of miR-494 in PC-12 cells injury induced 
by lipopolysaccharide (LPS), as well as its mechanism.

Material and methods. The cell counting kit-8 (CKK-8) assay and apoptosis assay were respectively used 
to determine the proliferation and apoptosis of PC-12. The reverse transcription polymerase chain reaction 
(RT-PCR) analysis and western blot analysis displayed the expression of related factors at mRNA and protein 
level, respectively.

Results. The results showed that LPS could significantly decrease cell viability, and promote the cell apop-
tosis and autophagy of PC-12 in a dose-dependent manner (p < 0.05). The overexpression of miR-494 
could protect PC-12 cells from LPS-induced injury, as miR-494 overexpression increased cell viability, and 
reduced cell apoptosis and autophagy (p < 0.05). MiR-494 played a negative regulatory role in interleukin 
(IL)-13, and IL-13 was a direct target of miR-494. The overexpression of IL-13 could significantly aggravate  
LPS-diminished cell viability, and LPS-induced apoptosis and autophagy (p < 0.05). Besides, the overex-
pression of miR-494 did not attenuate LPS-induced injury when IL-13 was overexpressed. Furthermore, we 
found that the overexpression of miR-494 could significantly promote the phosphorylation of STAT6/MAPK 
and ERK/JNK signaling pathway.

Conclusions. MiR-494 could protect PC-12 cells from LPS-induced cell damage by targeting IL-13, and the 
activation of STAT6/MAPK and ERK/JNK pathways.
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Introduction

Spinal cord injury (SCI), characterized by a high disabil-
ity rate, high mortality rate and poor prognosis, is a seri-
ous disease of the central nervous system.1,2 It is caused 
by lateral bending, axial loading, rotation, dislocation, and 
hyperextension or hyperflexion of the spinal cord, leading 
to the dysfunction of locomotion and paralysis. Spinal cord 
injury can cause damage to body functions, such as loss 
of feeling, abnormal reflexes, movement disorders, impair-
ment of bowel and bladder control, and other changes. 
This damage cause permanent disability and many people 
are unable to take care of themselves. In China, nearly 
60,000 new cases occur annually and the figure is rising. 
Unfortunately, the majority of the victims are young, be-
tween 15 and 40 years of age. Spinal cord injury brings 
enormous emotional and financial burdens to the patients, 
their families and the society.1 The precautions, treatment 
and rehabilitation of SCI have been a question for study 
in the domain of medical science.

The pathological process of SCI involves the primary 
injury and secondary injury.3 The primary injury is de-
fined as damage to the spinal cord by mechanical force 
directly, such as distraction, transaction, compression, and 
laceration. The secondary injury that results in the evolu-
tion of physiological and biochemical reactions, such as 
edema, ischemia, immune responses, excitotoxicity, and 
electrolyte disturbances, follows the primary injury.4 Both 
hypoxia-ischemia and inflammation can cause the pro-
duction and release of reactive oxygen species (ROS), and 
massive accumulation of ROS, which leads to the oxidative 
injury of local tissues, as well as the apoptosis and necrosis 
of neurons. Therefore, it is of extreme importance to study 
the molecular mechanism of ROS damage following SCI.

In normal tissue, cell proliferation and growth should 
coexist with aging and death. There are 3 categories of cell 
death: apoptosis, autophagic cell death and necrosis. 
The former 2 deaths are also known as programmed cell 
death. Large empirical studies have confirmed that apop-
tosis and autophagy were the significant cell death form 
in secondary SCI.5 Apoptosis is a process of programmed 
cell death, which is accurately regulated by genetic infor-
mation. Once the balance between cell proliferation and 
apoptosis has been broken, it leads to a tumor or autoim-
munity disease, or other diseases.

Caspase-3, also named as cysteine protease P32, is gen-
erally accepted as the key protease in cell apoptosis. Post-
translational activation of caspase-3 requires proteolytic 
cleavage of the precursor protein and is generated into  
2 subunits, which leads to enzyme polymerase activation 
and the initialization of apoptosis. According to previous 
reports, caspase-3 involves neuronal apoptosis in second-
ary SCI, and the expression level of caspase-3 is positively 
correlated with the apoptosis level of nerve cells.6 In ad-
dition, the anti-apoptotic Bcl-2 and the pro-apoptotic Bax 
also play important roles in regulating cell death.7,8 Several 

lines of evidence indicate that the relative ratio of these 
2 proteins can determine, to a great extent, the response 
of an individual cell to the apoptotic process.9,10 The ex-
pression of Bcl-2 and Bax, and the ratio between Bcl-2 and 
Bax could regulate the apoptosis.

MicroRNAs (miRNAs) are a class of short non-coding 
RNAs, in  the size range of  19–25 nucleotides, which 
regulate the expression of target genes at the post-tran-
scriptional level by combining 3’ UTR of target genes and 
causing translational inhibition and mRNA degradation.11 
Several studies have demonstrated that miRNAs play a key 
role in various cellular processes, such as cell cycle, pro-
liferation, migration, differentiation, and tumorigenesis.12 
In recent years, a large number of researches have shown 
that miRNA plays important roles in the development 
and progression of malignant tumors.13–15 Of note are the 
miRNAs that play important roles not only in human can-
cers, but also in cardiovascular disease, including cardiac 
hypertrophy, heart failure and ischemic heart disease.16

It has been reported that miR-494 could suppress the 
proliferation of some cancer cells, such as gastric cancer, 
lung cancer,and head and neck squamous cell carcino-
ma cells.17–19 However, there has been no report available 
on miR-494 functions in SCI until now. In this study, we 
aimed to explore the effects of miR-494 on lipopolysaccha-
ride (LPS)-injured PC-12 cells by the detection of cell viabil-
ity and apoptosis, autophagy, as well as STAT6/MAPK and 
ERK/JNK signaling pathways. The findings of this study can 
provide us with a new perspective suggesting that miR-494 
might exert a protective role in LPS-damaged PC-12 cells.

Material and methods

Cell culture and treatment

The  PC-12 cells were purchased from the Kunming 
Institute of  Zoology (China) and used throughout 
the study. The cells were seeded onto flasks at a den-
sity of  1  ×  104 cells/mL in  Dulbecco’s Modified Eagle 
Medium (DMEM) (Sigma-Aldrich, St. Louis, USA) 
with 10% (v/v) fetal bovine serum (FBS), 100 U/mL  
penicillin and 100 μg/mL streptomycin. The culture was 
maintained at 37°C in a humidified incubator containing 
5% carbon dioxide (CO2). The culture medium was changed 
every other day. The 3% and 21% oxygen (O2) concentra-
tion were as the hypoxia and normoxia culture conditions. 
The culture medium was changed every other day.

Cells were treated by LPS in a series of concentrations 
for 12 h.

Cells were treated with STAT6 inhibitor AS1517499 
(100 nM), p38-MAPK inhibitor SB203580 (20 μM), JNK 
inhibitor SP600125 (100 nM), or ERK inhibitor PD98059 
(20 μM) for 1 h.
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Cell counting kit-8 assay

Cells were seeded in a 96-well plate with 5000 cells/
well. Cell proliferation was assessed by a cell counting 
kit-8 – CCK-8 (Dojindo Molecular Technologies, Gaith-
ersburg, USA). Briefly, after stimulation, the CCK-8 solu-
tion was added to the culture medium, and the cultures 
were incubated for 1 h at 37°C in humidified 95% air and 
5% CO2. The absorbance was measured at 450 nm using 
a microplate reader (Bio-Rad Laboratories, Hercules, USA).

Apoptosis assay

Flow cytometry analysis was performed to  identify 
and quantify the apoptotic cells by using the Annexin-V- 
fluorescein isothiocyanate (FITC)/propidium iodide (PI) 
apoptosis detection kit (Beijing Biosea Biotechnology, Bei-
jing, China). The cells (100,000 cells/well) were seeded 
in a 6-well plate. Treated cells were washed twice with 
cold phosphate-buffered saline (PBS) and resuspended 
in a buffer. The adherent and floating cells were combined 
and treated according to the manufacturer’s instruction, 
and measured with a flow cytometer (Beckman Coulter, 
Brea, USA) to differentiate apoptotic cells (Annexin-V-
positive and PI-negative) from necrotic cells (Annexin-V 
and PI-positive).

Transfection and generation  
of stably transfected cell lines

MiR-494 mimics, inhibitors and their respective nega-
tive controls (NC) were synthesized (Life Technologies 
Corporation, Carlsbad, USA) and transfected into cells 
in the study. The sequences of the oligonucleotides used 
were as follows: miR-494 mimic; sense 5’-UGAAACAU-
ACACGGGAAACCUC-3’; antisense 5’-GGUUUCCC-
GUGUAUGUUUCAUU-3’; mimic control; sense 
5’-UUCUCCGAACGUGUCACGUUU-3’; antisense 5’-AC-
GUGACACGUUCGGAGAAUU-3’; miR-494 inhibitor 
5’-GAGGUUUCCCGUGUAUGUUUCA-3’; and inhibitor 
control 5’-UUCUCCGAACGUGUCACGUUUC-3’. For the 
analysis of the interleukin (IL)-13 functions, the full-length 
IL-13 sequences and short-hairpin RNA directed against 
IL-13 were constructed in pEX-2 and U6/GFP/Neo plasmids 
(GenePharma, Shanghai, China), respectively. They were 
referred as to pEX-IL-13 and sh-IL-13. The Lipofectamine 
3000 reagent (Life Technologies Corporation) was used 
for the transfection of the cells according to the manufac-
turer’s instructions. The plasmid carrying a non-targeting 
sequence was used as the NC of sh-IL-13 that was referred 
as to sh-NC. The sequences of the shRNAs used were as 
follows: sh-IL-13, 5’-AATGCCATCTACAGGACCCAG-3’; 
sh-NC, 5’-AAAGGTATGGTACGACGGCGT-3’. Since the 
highest transfection efficiency occurred at 48 h, a 72-hour  
post-transfection was considered as the harvest time in the 
subsequent experiments. The stably transfected cells were 

selected by the culture medium containing 0.5 mg/mL  
G418 (Sigma-Aldrich). After approx. 4 weeks, G418-resis-
tant cell clones were established.

Qualitative reverse transcription 
polymerase chain reaction

Total RNA was extracted from cells and tissues using 
Trizol reagent (Life Technologies Corporation), accord-
ing to the manufacturer’s instructions. The TaqMan Mi-
croRNA Reverse Transcription Kit and TaqMan Universal 
Master Mix II with the TaqMan MicroRNA Assay of miR-
494 and U6 (Applied Biosystems, Foster City, USA) were 
used for testing the expression levels of miR-494 in cells.

Dual luciferase activity assay

The 3’UTR target site was generated by polymerase chain 
reaction (PCR) and the luciferase reporter constructs with 
IL-13 3’UTR, carrying a putative miR-494 binding site into 
pMiR-report vector, were amplified by PCR. Cells were co-
transfected with the reporter construct, control vector and 
miR-494 or scramble, using Lipofectamine 3000. Reporter 
assays were done using the dual luciferase assay system 
(Promega, Madison, USA), following the manufacturer’s 
information.

Western blot

The protein used for western blotting was extracted us-
ing Radio Immunoprecipitation Assay (RIPA) lysis buffer 
(Beyotime Biotechnology, Shanghai, China) supplement-
ed with protease inhibitors (Roche, Guangzhou, China). 
The proteins were quantified using the BCA™ Protein As-
say Kit (Pierce, Appleton, USA). The western blot system 
was established using a Criterion XT Bis-Tris Gel system 
(Bio-Rad Laboratories), according to the manufacturer’s 
instructions. The glyceraldehyde 3-phosphate dehydro-
genase (GAPDH) antibody was purchased from Sigma-
Aldrich. Primary antibodies were prepared in 5% block-
ing buffer at a dilution of 1:1,000. Anti-Bcl-2 (ab59348), 
anti-Bax (ab32503), anti-pro-caspase-3 (ab32150), anti-
cleaved-caspase-3 (ab13847), anti-caspase-9 (ab202068), 
anti-LC3B (ab48394), anti-Beclin-1 (ab62557), anti-p62 
(ab56416), anti-IL-13 (ab106732), anti-STAT6 (ab32520), 
anti-p-STAT6 (ab28829), anti-p38MAPK (ab197348), anti-
p-p38MAPK (ab47363), anti-ERK (ab54230), anti-p-ERK 
(ab214362), anti-p-c-Jun (ab32385), anti-c-Jun (ab31419), 
and anti-GAPDH (ab8245) were all obtained from Abcam 
(Cambridge, UK). Primary antibody was incubated with 
the membrane at 4°C overnight, followed by wash and 
incubation with secondary antibody, marked by horserad-
ish peroxidase for 1 h at room temperature. After rinsing, 
the polyvinylidene difluoride (PVDF) membrane carried 
blots and the antibodies were transferred into the Bio-Rad 
ChemiDoc™ XRS system (Bio-Rad, Shanghai, China), and 
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then 200 μL of Immobilon Western Chemiluminescent 
HRP Substrate (Merck Millipore, Burlington, 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 the experiments were repeated 3 times. Data is pre-
sented as the mean ± standard deviation (SD). Statistical 
differences between the mean values of multiple groups 
were analyzed using SPSS v. 19.0 statistical software (IBM 
Corp., Armonk, USA). Statistical significance was analyzed 
by using analysis of variance (ANOVA), followed by the 
least significant difference (LSD(L)) test post-hoc. A p-value  
<0.05 was considered to indicate statistical difference.

Results

Lipopolysaccharide inhibited 
cell proliferation, and promoted 
cell apoptosis and autophagy of PC-12

As shown in Fig. 1A, the cell viability of PC-12 was sig-
nificantly decreased as the concentrations of LPS increased 
(p < 0.05). On the contrary, the cell apoptosis rate of PC-12 
was significantly increased as the concentrations of LPS in-
creased (p < 0.05) (Fig. 1B). Western blot analysis (Fig. 1C) 
showed that the expression of Bcl-2 was decreased, and the 
expression of Bax and cleaved-caspase-3/9 was increased 
as the concentrations of  LPS increased. Moreover, we 

detected the expression of autophagy-related proteins. 
The results (Fig. 1D) showed that the expression of LC-II 
and Beclin-1 was increased, and the expression of p62 was 
decreased as the concentrations of LPS increased. This 
data indicated that LPS could promote cell apoptosis and 
autophagy of PC-12 in a dose-dependent manner, and  
5 ug/mL was selected as a  LPS-stimulatory condition 
which was used in this study.

Overexpression of miR-494 alleviated cell 
damage induced by lipopolysaccharide

As shown in Fig. 2A, transfection with miR-494 mimic 
could significantly increase the expression of miR-494, 
while miR-494 inhibitor could significantly decrease the 
expression of miR-494 (p < 0.05). To test the role of miR-494  
in LPS-stimulated PC-12, the CCK-8 and apoptosis as-
says were performed (Fig. 2B,C). We found that miR-494  
overexpression significantly increased cell viability and 
decreased apoptosis under LPS treatment conditions 
(p < 0.05). Contrastingly, miR-494 suppression decreased 
cell viability and increased apoptosis under LPS expo-
sure (p < 0.05). Western blot analysis showed that the 
over-expression of miR-494 could increase the expres-
sion of Bcl-2 and p62, and decrease the expression of Bax, 
cleaved-caspase-3/9, LC3-II, and Beclin-1 (Fig.  2D,E). 
On  the contrary, the expression of  these proteins in   
miR-494 knock-down group showed the reverse trend. 
These results indicated that the overexpression of miR-494  
could reduce the cell damage induced by  LPS, while  
miR-494 knock-down could aggravate it.

Fig. 1. Lipopolysaccharide affects cell 
proliferation, apoptosis and autophagy 
of PC-12

A – cell viability detected using MTT 
assay; B – apoptosis of PC-12 detected 
using apoptosis assay; C – apoptosis-related 
proteins detected using western blot; 
D – autophagy-related proteins detected 
using western blot.

LPS – lipopolysaccharide; 
MTT – methylthiazol tetrazolium; 
GAPDH – glyceraldehyde 3-phosphate 
dehydrogenase; data presented 
as mean ±SD; * p < 0.05; ** p < 0.01;  
*** p < 0.001.

LPS [mg/mL]

LPS [mg/mL]

ce
ll 

vi
ab

ili
ty

 [%
]

ap
op

to
si

s 
ce

lls
 [%

]

pro-caspase-3

cleaved-caspase-3

pro-caspase-9

cleaved-caspase-9

LPS [mg/mL]

LPS [mg/mL]



Adv Clin Exp Med. 2019;28(1):85–94 89

Interleukin-13 was a direct target  
of miR-494

As shown in Fig. 3A and 3B, the overexpression of miR-
494 could significantly decrease the expression of IL-13, 
while miR-494 knock-down could significantly increase 
the expression of IL-13 (p < 0.05), indicating that miR-
494 acted as a negative regulation of IL-13. In addition, 
we found that the overexpression of miR-494 inhibited 
the luciferase activity of Wt-3’UTR of IL-13 by about 70% 
compared to the mutated miR-494 binding site (Fig. 3C). 
These results indicated that IL-13 was a direct target 
of miR-494.

Overexpression of miR-494 protected  
PC-12 cells from lipopolysaccharide-
induced cell damage via targeting 
interleukin-13

As shown in Fig. 4A and 4B, transfection with the IL-13 ex-
pressing vector, pEX-IL-13, could significantly increase the 
expression of IL-13, while transfection with IL-13 targeted 
shRNA, sh-IL-13, could significantly decrease the expres-
sion of IL-13 (p < 0.05). We found that miR-494 overexpres-
sion did not prevent LPS-induced cell damage when IL-13 
was overexpressed, as cell viability was reduced, Bcl-2 was 
downregulated, and Bax, cleaved-caspase-3/9 were upregu-
lated after the addition of pEX-IL-13 (p < 0.05) (Fig. 4C,E).  

Fig. 2. MiR-494 affects cell 
proliferation, apoptosis and 
autophagy of PC-12

A – expression of miR-494  
detected using RT-PCR;  
B – cell viability detected 
using MTT assay; 
C – apoptosis of PC-12 
detected using apoptosis 
assay; D – apoptosis-related 
proteins detected using 
western blot; E – autophagy-
related proteins detected 
using western blot.

RT-PCR – reverse transcription 
polymerase chain reaction; 
MTT – methylthiazol 
tetrazolium; GAPDH – 
glyceraldehyde 3-phosphate 
dehydrogenase; data 
presented as mean ±SD;  
* p < 0.05; ** p < 0.01;  
*** p < 0.001.
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Meanwhile, miR-494 knock-down could not aggravate 
LPS-induced cell damage when IL-13 was silenced, as cell 
apoptosis was reduced, LC3-II and Beclin-1 were down-
regulated, while p65 was upregulated after the addition 
of sh-IL-13 (p < 0.05) (Fig. 4D,E). This data indicated that 
the overexpression of miR-494 protected PC-12 cells from 
LPS-induced cell damage via targeting IL-13.

Interleukin-13 regulated cell damage  
of PC-12 induced by lipopolysaccharide

As shown in Fig. 5A, the overexpression of IL-13 could 
significantly aggravate the proliferation inhibition of PC-12 
induced by LPS (p < 0.05), while the knock-down of IL-13 

could significantly reduce the proliferation inhibition 
of PC-12 induced by LPS (p < 0.05). Figure 5B showed that 
the overexpression of IL-13 could significantly promote the 
cell apoptosis of PC-12 induced by LPS (p < 0.05), while 
the knock-down of IL-13 could significantly inhibit the 
cell apoptosis of PC-12 induced by LPS (p < 0.05). Western 
blot analytical results showed that IL-13 silence exerted the 
same effects as miR-494 overexpression on the expression 
of apoptosis and autophagy-related proteins (Fig. 5C,D),  
indicating the pro-apoptotic and pro-autophagic roles 
of IL-13 in PC-12 cells.

MiR-494 activated the STAT6/MAPK  
and ERK/JNK signaling pathways

Western blotting was used to examine the phosphoryla-
tion state of STAT6/MAPK and ERK/JNK in PC-12 cells 
that were treated with LPS (Fig. 6A,B). The results showed 
that the overexpression of miR-494 could significantly 
increase the expression of p-STAT6, p-p38MAPK, p-ERK, 
and p-c-Jun, while its knock-down could significantly de-
crease the expression of p-STAT6, p-p38MAPK, p-ERK, 
and p-c-Jun. These findings indicated that the knock-
down of miR-494 inhibited STAT6/MAPK and ERK/JNK 
signaling pathway through upregulating the expression 
of IL-13, thus promoting the cell damage of PC-12 induced 
by LPS. Furthermore, to confirm this hypothesis, we mea-
sured the effect of miR-494 on the expression of p-STAT6,  
p-p38MAPK, p-ERK, and p-c-Jun after the inhibition 
of STAT6/MAPK and ERK/JNK pathways. As indicated 
by the results in Fig. 6C and 6D, miR-494 overexpression 
did not upregulate p-STAT6, p-p38MAPK, p-ERK, or  
p-c-Jun when they were respectively exposed to STAT6 
inhibitor AS1517499, p38-MAPK inhibitor SB203580, ERK 
inhibitor PD98059, or JNK inhibitor SP600125.

Discussion

Spinal cord injury is a common traumatic neuronal injury 
that imposes several complications and is a severe threat 
to human health.20 The microenvironment after SCI in adults 
is much less receptive to regrowth, thus hindering the regen-
eration of the damaged nerve.21 Therefore, the key method 
of improving SCI patient’s outcomes is by utilizing protect-
ing neurons, promoting the axonal regeneration. PC-12  
cells are widely used as an in vitro neuron model for research 
on neurobiology, central nervous system diseases and neuro-
toxins. In the present study, we found that LPS could induce 
the cell damage of PC-12 via inhibiting cell proliferation, and 
promoting cell apoptosis and autophary, and the damage 
degree increased with increasing LPS concentration.

According to our data mentioned above, we found that 
LPS had a remarkable inhibition effect on the cell pro-
liferation of PC-12, while promoting cell apoptosis and 
autophagy (Fig. 1). Apart from that, we found that LPS 

Fig. 3. IL-13 is a direct target of miR-494

A, B – expression of IL-13 detected with RT-PCR; C – dual luciferase assay 
performed on PC-12 cells transfected with luciferase construct alone or 
co-transfected with miR-494 mimics.

IL-13 – interleukin-13; RT-PCR – reverse transcription polymerase chain 
reaction; data presented as mean ±SD; * p < 0.05; ** p < 0.01.
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could decrease the expression of Bcl-2, and increase the 
expression of Bax and caspase-3/9, thus promoting the 
apoptosis of  PC-12. However, miR-494 could protect  
PC-12 cells from LPS-induced cell damage, as miR-494 
overexpression increased cell viability, reduced apoptosis 
and autophagy, as well as increase the expression of Bcl-2 
and decrease the expression of Bax and caspase-3/9.

MiR-494, first reported to have a high expression in reti-
noblastoma, has been found to be implicated in various 
types of human cancers.22 In cancer, miR-494 functions as 

a tumor suppressor or oncogenic gene, dependent on dif-
ferent cell types.23 Apart from that, miR-494 was reported 
to act as a pivotal factor in regulating cell proliferation 
and apoptosis.24 In terms of SCI, miR-494 was reported 
to improve recovery from SCI and to attenuate apoptosis 
in SCI rats.25 Our study was consistent with this previous 
study, indicating that miR-494 exerted a protective func-
tion in SCI by reducing apoptosis, while our study provided 
the first evidence that miR-494 affected PC-12 cells also 
by controlling cell autophagy.

Fig. 4. Overexpression of  
miR-494 protected PC-12 cells 
from LPS-induced cell damage 
via targeting IL-13

A, B – expression of IL-13 
detected with RT-PCR; C – cell 
viability detected with MTT 
assay; D – apoptosis of PC-12 
detected with apoptosis assay; 
E – apoptosis-related proteins 
detected with western blot; 
F – autophagy-related proteins 
detected with western blot.

LPS – lipopolysaccharide; 
IL-13 – interleukin-13; RT-PCR 
– reverse transcription 
polymerase chain reaction; 
MTT – methylthiazol 
tetrazolium; GAPDH – 
glyceraldehyde 3-phosphate 
dehydrogenase; data 
presented as mean ±SD;  
* p < 0.05; ** p < 0.01.
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Fig. 5. IL-13 regulated cell damage 
induced by LPS

A – cell viability detected with 
MTT assay; B – apoptosis of PC-12 
detected with apoptosis assay; 
C – apoptosis-related proteins 
detected with western blot; 
D – autophagy-related proteins 
detected with western blot.

IL-13 – interleukin-13; LPS 
– lipopolysaccharide;  
MTT – methylthiazol tetrazolium; 
GAPDH – glyceraldehyde 
3-phosphate dehydrogenase; data 
presented as mean ±SD; * p < 0.05; 
** p < 0.01.

Fig. 6. MiR-494 affected expression 
of STAT6/MAPK and ERK/JNK 
pathways

A, C – STAT6/MAPK signaling 
pathway-related proteins detected 
using western blot; B, D – ERK/JNK 
signaling pathway-related proteins 
detected using western blot.

GAPDH – glyceraldehyde 
3-phosphate dehydrogenase;  
LPS – lipopolysaccharide;  
MAPK – mitogen-activated protein 
kinase; ERK – extracellular signal 
transduction kinase.
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Autophagy is a unique life phenomenon of eukaryotes, 
which can degrade and recycle unnecessary or dysfunc-
tional components.26,27 It plays an important role in the 
occurrence, development and treatment of the nervous 
system, digestive system and immune system diseases. 
Beclin-1 is an important factor in the initial period of autoph-
agy, which is a mammalian ortholog of the yeast Atg6.28 
With the action of Atg4, LC3 precursor is processed into 
soluble LC3-I, which combines with PE on the autopha-
gic membrane, and then changes into LC3-II, which then 
attaches to the intracellular autophagic membrane until 
the autophagy-lysosome is formed. The LC3-II expres-
sion level is positively related to the sum of phagophores, 
suggesting that autophagy activity is closely related to the 
expression intensity of LC3-II.29,30 In addition, p62 locat-
ed in the cytoplasm forms complexes by combining with 
ubiquitin protein and LC3-II protein. The complexes will 
eventually be degraded in the lysosome.31 Therefore, p62 
is constantly consumed in the process of autophagy. These 
3 proteins are usually recognized as the markers of the 
autophagy level.32–34 The above-mentioned results showed 
that LPS increased the expression of LC3-II and Beclin-1, 
and decreased the expression of p62, suggesting that LPS 
promoted PC-12 autophagy. However, the overexpression 
of miR-494 decreased the expression of LC3-II and Be-
clin-1, and increased the expression of p62, indicating that 
miR-494 could reduce the autophagy of PC-12 induced 
by LPS.

Mitogen-activated protein kinase (MAPK) is one kind 
of serine/threonine protein kinase which widely exists 
in eukaryotic cells. The family consists of extracellular 
signal transduction kinase (ERK), c-Jun-N-terminal kinase 
(JNK) and p38 kinase, etc.35 Extracellular signal transduc-
tion kinase mainly participates in cell proliferation, differ-
entiation and transformation, while JNK and p38 are asso-
ciated with intracellular and extracellular damage, infarct, 
inflammation, and oxidative stress reaction.36–38 It has 
been reported that MAPK pathways have anti-apoptotic 
effects in C6 glioma cells.39 In this paper, we found that 
the knock-down of miR-494 could inhibit the activation 
of STAT6/MAPK and ERK/JNK pathways, thus promoting 
LPS-induced cell damage.

In conclusion, our study suggested that miR-494 could 
protect PC-12 cells from LPS-induced cell damage by con-
trolling cell proliferation, cell apoptosis and autophagy. 
The protective role of miR-494 in PC-12 cells might be 
carried out via targeting IL-13, and thus through the ac-
tivation of STAT6/MAPK and ERK/JNK pathways. Our 
findings might provide better insight into the function 
of miR-494 in LPS-induced cell damage, which could con-
tribute to clinical treatment of SCI.
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