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Abstract: Background: Paraquat (PQ) is a powerful pathologic pesticide that contribute to the neurotoxicity, however, the pathogenic mechanism between them was unclear. The aims of this study were to explore the underlying
mechanism of PQ-induced toxicity and then make potential contribute to such neuronal diseases therapy. Methods:
Human cell line SH-SY5Y was pretreated with a set concentrations of PQ to detect the cell apoptosis and the expression of related genes and proteins. Next, pcDNA 3.1-p58ipk or si-p58ipk was transfected the PQ-induced cells
to detect the cytotoxicity. Results: PQ significantly increased the cell apoptosis as well as the expression of p58ipk
and CHOP, but decreased the expression of pAKT. p58ipk suppression resulted in an increase of cell apoptosis and
CHOP expression, but the expression of pAKT was significantly decreased in PQ-induced SH-SY5Y cells. However,
overexpressed p58ipk led to an opposite result. Conclusion: The results indicated that the expression of p58ipk was
related to the toxicity level of PQ-induced cells and the mechanism between them was that p58ipk regulated the
toxicity might through regulating the endoplasmic reticulum stress (ER-stress) and then regulating cell apoptosis.
Further studies take emphasize on the effect of ER-stress on neuron system and explore ER-stress-related therapy
are important on the treatment of neurodegenerative disease.
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Introduction
Parkinson’s disease (PD) is a kind of progressive, long-lasting neurologic disorder, with the
feature of loss the neurons in the substantianigracompacta [1, 2]. So far, the cause of PD is
still unclear, but the epidemiological studies
suggested that environmental toxin, ageing,
genetic susceptibility as well as oxidative stress
are supposed to contribute to the PD [3].
According to the previous studies, the main
pathological character of PD is highly selective
nigrostriatal dopaminergic degeneration that
resulting in selective loss of dopaminergic neurons, and finally promoting the neuron cells
apoptosis [4-6]. 1-Methyl-4-phenylpyridinium
(MPP+), a neurotoxin that derived from the
metabolite of 1-Methyl-4-phenyl-2,3,6-tetrahydropyridine (MPTP) was considered to induce
the neuron cells into toxicity. Now the MPP+
toxin has been widely used to establishment of
PD models [7-9].

1,1’-dimethyl-4,4’-bipyridinium (Paraquat, PQ)
is a kind of insecticide, with its chemical structure closely like MPP+ that researchers inferred
that PQ might also damage the nigrostriatal
dopaminergic system and lead to the neuropathy of PD [10]. Since then, several studies have
reported that PQ increased risk of PD and
could considered as a toxicant for PD [11-14].
Moreover, an investigation has announced that
in the rice field areas with widely PQ sprayed,
the PD attack ratio was higher than the people
who did not exposed to the herbicide [10].
Moreover, PQ was also known as a kind of mitochondrial toxin, which could cause severely
mitochondrial dysfunction, however, the mitochondrial dysfunction also plays an important
role in the pathogenesis of PD disease. Beyond
those supportive standpoints, whether PQ
plays a vital role on neurotoxicity and the pathogenic mechanism remains unclear.
Endoplasmic reticulum (ER) is a major site for
folding and maturation of secretory and trans-
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membrane proteins. Recent studies have
revealed that numerous factors as genetic and
environmental attacks impede the cells to correctly fold the proteins in ER, which caused of
unfolded protein response (UPR), a condition
called ER-stress [15, 16]. The studies have
asserted that ER-stressed cells need to rapidly
store capacity to meet the demand of proteinfolding if they are to survival [15, 17]. However,
with the consecutive cellular homeostasis that
ER-stress cannot be reversed, cellular functions deteriorate, and finally leading to cell
death. A previous study proposed that ER
stress could be considered as a possible
molecular mechanism underlying several neurodegenerative diseases, such as PD [18].
Moreover, it swell known that ER-stress cooperatively with abnormal protein degradation by
the ubiquitin proteasome system are considered to contribute to the PD pathogenesis [19].
Thus, the therapeutic drugs aimed at interfering ER-stress cycle would be useful for the
treatment of such disease.
P58ipk, a ER-stress-regulated chaperone,
which located on the endoplasmic reticulum
lumen, belonging to the HSP40 family [20].
P58ipk was firstly discovered as a cytosolic protein that with the function of an inhibitor of
double-strand RNA protein kinase [21, 22].
Subsequently, p58ipk was found to have
diverse functional domains to determine the
protein’s various activities that depended on its
different locations in the cell [23]. Researchers
even found that p58ipk could protect retina cell
from harm through slowing ER-stress [24].
CHOP, is known as a growth arrest and DNA
damage gene, and play an important role in ER
stress-mediated apoptosis and in several diseases including brain ischemia and neurodegenerative disease [25]. Previous studies have
utilized the selective attenuation and the
molecular chaperone p58ipk to study the
mechanism of lung cancer disease [26] as well
as the cause of β-cell failure [27]. However, this
study we were aims to explore the mechanism
between p58ipk and PQ-induced toxicity.
Thus, there is a need to explore the mechanism
and develop new protective agents that prevent
the onset or development of such neuronal disease. Therefore, human cells SH-SY5Y were
pretreated by PQ in the present study, and our
purpose was to investigate the role of PQ in
SH-SY5Y cells.
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Method
Cell cultures and treatment
Human neuroblastoma cell line SH-SY5Y was
obtained from Nanjing COBIOER biotechnology
company (Nanjing, China). Cells were cultured
at 37°C with 5% CO2 by using DMEM (Dulbecco’s
Modified Eagle Medium) supplemented with
10% FBS and 100 U/ml penicillin as well as
100 μg/ml streptomycin. PQ was then added to
SH-SY5Y cells and cultured for 24 hours.
Cell viability
Methylthiazolyldiphenyl-tetrazolium
bromide
(MTT) assay was used to detect the viability of
SH-SY5Y cells. A total of 1×105 cells were planted in a 96-well plate, and incubated at 37°C
with 5% CO2 for 24 h. Then, 10 uL of MTT was
added and incubation for 4 h. Next, DMSO was
added for dissolving the crystals. Finally, cell
viability was quantified by measuring the absorbance value at 570 nm, the results were
expressed as percentages of the control.
Cell apoptosis
Flow cytometry was carried out for detecting
the cell apoptosis. After centrifugation,
SH-SY5Y cells were separately collected and
washed by PBS and then stained by Annexin
V-FITC and PI. Stained cells were collected and
analyzed using a FACScalibur (Becton Dickinson, Mountain View, CA, USA) instrument.
Western blot
Proteins were isolated from SH-SY5Y cells by
BIA method and quantified by BCA. 10% SDSPAGE (sodium dodecyl sulfate-polyacrylamide
gel electrophoresis) was used to separate the
proteins. After concentration, the proteins was
quantified by the method of Bradford, the separated protein were then transferred onto the
poly vinylidene fluoride (PVDF) membrane.
Primary antibodies were added and incubated
with the blot at room temperature for one night,
then secondary antibodies were added and
incubated at 37°C for 1 hour. Power Opti-ECL
kit (4.6pg-4.7ng) was used for visualizing the
bands and the NIH ImageJ software was used
for quantifying the protein with β-actin as the
internal control, blots are representative of 3
independent experiments.
Int J Clin Exp Pathol 2017;10(8):8233-8242
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Figure 1. PQ induced neurotoxicity in SH-SY5Y cells. A: Cell viability and apoptosis following concentration-dependent treatments. A significant reduce of cell viability and increased cell apoptosis along with the increase of the PQ
concentration (0, 50 μM, 100 μM, 300 μM, 500 μM). B: A significant increase of Bcl-2 was observed upon concentration treatment with 300 μM and 500 μM, and a significantly increase of Bax was observed upon all concentration
comparing with the non-treated of PQ group. C: A significant reduction of the ratio of Bcl-2/Bax upon treatment with
300 Μm and 500 μM of PQ. D: Weston blot was used to detect the protein expression with the results that Bcl-2
was significantly increased and Bax was significantly increased. The experiments were repeated for three individual
times. β-Actin was considered as internal control. *P < 0.05, results expressed as mean ± SD.

Real-time PCR
RNA was extracted from SH-SY5Y cells according to the manufacturer’s protocols by using
Trizol reagent (Invitrogen, USA). RNA quality was
quantified by Nanodrop (Invitrogen, USA). Superscript III Reverse Transcriptase (Invitrogen) was
used for reverse Transcripting the RNA into
cDNA. Applied Biosystems (Thermo Fisher,
USA) was used for Real time PCR according to
the supplier’s protocol. The data were repeated
for three times. β-actin was considered as
internal control, all data were performed for at
least three times.
Cell transfection
After PQ was added to the SH-SY5Y cells for 24
hours, pcDNA 3.1 -p58ipk or si-p58ipk () was
transfected the cells with Lipofectamine 2000
(Invitrogen) according to the manufacturer’s
instructions. Cells were planted on a six-well
plates at 37°C for 8 h. The transfected cells
were collected and real-time PCR was used to
determine the transfection efficiency. The
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pcDNA 3.1 -p58ipk and si-p58ipk were obtained
from Shanghai GenePharma Co., Ltd. (China).
Data analysis
All data were analyzed using a SPSS software.
One-Way and Two-Way ANOVA was used to
examine the parameters of different treatments. Data were presented as means ± SD.
Different significance was defined as P < 0.05.
Results
PQ induced neuronal cells death
To detect the dysregulation of PQ-induced toxicity, a set concentrations (0, 50 μM, 100 μM,
300 μM, 500 μM) of PQ were separately pretreated to human cells SH-SY5Y for 24 hours.
According to Figure 1A, PQ induced cytotoxicity
showed a concentration-dependent manner,
and along with the increase of PQ concentration, the cell viability was significantly decreased
and the cell apoptosis was significantly increased. Subsequently, the mRNA expression of
apoptotic-related factors Bcl-2, Bax and the
Int J Clin Exp Pathol 2017;10(8):8233-8242

Overexpression of p58ipk protectsneuroblastoma against toxicity

Figure 2. PQ treated SH-SY5Y cells displayed alterations in p58ipk, CHOP and pAkt. 50 μM, 100 μM, 300 μM, 500
μM PQ were treated with SH-SY5Y cells, and the mRNA expression level of CHOP was significantly increased comparing with non-treated PQ (B), but a significantly decreased in pAkt (C). However, the mRNA expression of p58ipk
showed slowly increasing (A). (D) PQ-induced cells showed significantly increased protein expression of CHOP and
decreased protein expression of pAkt, but s similar protein expression level of p58ipk along with the increase of PQ
concentration. The experiments were repeated for three individual times. β-Actin was considered as internal control.
*P < 0.05, results expressed as mean ± SD.

ratio between them were assayed by RT-qPCR
and Western blot analysis. As shown in Figure
1B, a significant increase of Bcl-2 mRNA expression was observed upon the treatment with
300 μM and 500 μM of PQ, but not 50 μM or
100 μM. At the same time, the mRNA expression level of Bax also displayed a dose-dependent increase trends. However, the ratio of
Bcl-2/Bax was significantly reduced with 300
μM and 500 Μm of PQ (Figure 1C). The proteins expression of Bcl-2 and Bax at different
concentrations with PQ treatments were analyzed on Figure 1D, and the proteins expression
showed an increasingly trends along with the
increase concentration of PQ. Collectively,
these data indicated that PQ induced a dosedependent neuronal cells death.
PQ increased CHOP expression but decreased
pAkt density
Cell apoptosis and viability are regulated by
multistep intracellular signaling cascades.
Thus, several major signaling proteins were
selected in this study to examine the effects of
8236

PQ on cell apoptosis in SH-SY5Y cells. As is
shown on Figure 2, all markers showed a concentration-dependent manner, and a significant increased mRNA expression of CHOP
(Figure 2B), but the density of pAkt was significantly decreased (Figure 2C) along with the
increase concentration of PQ comparing with
the untreated control. However, the mRNA
expression of p58ipk showed a slight increase
with the increase concentration of PQ (Figure
2A). The proteins expression of P58ipk, CHOP
and pAkt with different concentrations of PQ
were analyzed by using SDS-PAGE. The expression of CHOP was increased and the expression
of pAkt was decreased along with the increase
concentration of PQ, however, the expression
of p58ipk showed similar level with different
PQ-treatments. (Figure 2D).
Low-expression of p58ipk accelerated PQinduced neurotoxicity
In order to evaluate possible effects of p58ipk
in neuron, a set of PQ-induced SH-SY5Y cells
Int J Clin Exp Pathol 2017;10(8):8233-8242
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Figure 3. The effects of p58ipk knockdown on the expression of p58ipk, CHOP and pAkt. Comparing with the Scr.
SiRNA (Scramble-siRNA) treated control, the mRNA expression of proteins by si-p58ipk treatment on PQ-induced
cells was shown as following: A. The expression level of p58ipk was significantly decreased; B. The expression
level of CHOP was significantly increased; C. The expression level of pAkt was significantly decreased. D. P58ipk
knockdown decreased the protein expression of p58ipk and pAkt but increased the protein expression of CHOP. The
experiments were repeated for three individual times. β-Actin was considered as internal control. *P < 0.05, results
expressed as mean ± SD.

were transfected with si-p58ipk. According to
Figure 3, comparing with the Scr.SiRNA
(Scramble-siRNA) treated control, si-p58ipk
treatment resulted in a significantly decreased
mRNA expression of p58ipk (Figure 3A), and
consistently attenuated the mRNA expression
of pAkt (Figure 3C). Nevertheless, a significant
increase level of CHOP expression was
observed with the si-p58ipk treatment (Figure
3B). The results might indicated that lowexpression of p58ipk might accelerated the
neurotoxicity. The protein expression level of
P58ipk, CHOP and pAkt was quantified by SDSPAGE with the results that low-expression of
P58ipk increased the expression of CHOP but
decreased the expression of pAkt (Figure 3D).
To examine the effects of p58ipk knockdown
on cell viability and apoptosis of PQ-induced
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SH-SY5Y, the cells were treated with various
treatments (control, PQ, PQ+Scr.SiRNA, PQ+sip58ipk). From the Figure 4A, p58ipk knockdown significantly decreased the cell viability
and increased the cell apoptosis of cells
induced by PQ. The mRNA expression of Bcl-2
and Bax was also investigated, and the results
revealed that p58ipk knockdown reversed the
increased expression of Bcl-2 induced by PQ
and increased the expression of Bax, comparing with PQ+Scr.siRNA (Figure 4B). Moreover,
the ratio of Bcl-2/Bax was significantly reduced
by low-expression of p58ipk (Figure 4C). SDSPAGE was used to analyze the protein expression of Bcl-2 and Bax on Figure 4D, results
revealed that low-expression of p58ipk decreased the expression of Bcl-2 but increased the
expression of Bax.

Int J Clin Exp Pathol 2017;10(8):8233-8242
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Figure 4. Low-expression of p58ipk enhanced the cell apoptosis of SH-SY5Y induced by PQ. Comparing with the PQ
induced SH-SY5Y cells, p58ipk suppression significantly decreased cell viability and increased cell apoptosis (A),
decreased the mRNA expression of Bcl-2 and increased the expression of Bax (B), decreased the ratio of Bcl-2/Bax
(C), decreased the protein expression of Bcl-2 and increased the protein expression of Bax (D). The experiments
were repeated for three individual times. β-Actin was considered as internal control. *P < 0.05, results expressed
as mean ± SD.

Overexpression of p58ipk reduced the neurotoxicity induced by PQ
Whether overexpression of p58ipk was involved
in the effects of CHOP, pAkt and P58 were evaluated. Firstly, pcDNA3.1-p58ipk was transfected on SH-SY5Y cells pretreated by PQ, then the
mRNA expression of CHOP and pAkt was
detected. According to Figure 5A, overexpression of p58ipk could significantly reverse the
high expression of CHOP induced by PQ.
Furthermore, overexpression of p58ipk also
significantly reversed the low expression of
pAkt induced by PQ (Figure 5B). The protein
expression of CHOP, pAkt and P58 was quantified by SDS-PAGE. The results showed that
overexpression of p58ipk decreased the expression of CHOP, but increased the expression
of pAkt induced by PQ (Figure 5C).
After pcDNA3.1-P58 was transfected on cells
of SH-SY5Y pretreated by PQ, the viability and
apoptosis were also detected. As presented in
8238

Figure 6A, overexpression of p58ipk could significantly reversed the decrease of cell viability
and the increase of cell apoptosis induced by
PQ. At the same time, overexpression of p58ipk
reversed the increase of mRNA expression of
Bax induced by PQ, but continually increased
mRNA expression of Bcl-2 (Figure 6B). Then the
ratio of Bcl-2/Bax was detected with the results
thatoverexpression of p58ipk reversed the
decrease induced by PQ (Figure 6C). The protein expression of Bcl-2 and Bax was analyzed
by SDS-PAGE, however, the results showed that
the same trends were obtained with mRNA
expression, as overexpression of p58ipk increased the expression of Bcl-2, but decreased
the expression of Bax induced by PQ (Figure
6D). Therefore, it appears that p58ipk alter the
response of neuron cells to PQ and thus interference neurotoxicity induced by PQ.
Discussion
Several studies have reported that the possibility of environments chemicals, even including
Int J Clin Exp Pathol 2017;10(8):8233-8242
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Figure 5. Overexpression of p58ipk altered the expression of CHOP and pAkt.
Overexpression of p58ipk decreased the
mRNA expression of CHOP (A), increased
the mRNA expression of pAkt (B), decreased the protein expression of CHOP
and increased the protein expression of
pAkt (C). The experiments were repeated
for three individual times. β-Actin was
considered as internal control. *P < 0.05,
results expressed as mean ± SD.

Figure 6. Overexpression of p58ipk attenuated PQ-induced apoptosis. Overexpression of p58ipk increased the cell
viability and decreased cell apoptosis (A), increased the mRNA expression of Bcl-2 and decreased the mRNA expression of Bax (B), increased the ratio of Bcl-2/Bax (C), reversed the decreased protein expression of Bcl-2 and
the increased protein expression of Bax (D). The experiments were repeated for three individual times. β-Actin was
considered as internal control. *P < 0.05, results expressed as mean ± SD.
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PQ may be related to the advance of PD, since
that PQ appears to be promote the neuronal
cell death [28-30]. In this study, we found that
the degeneration changes and the significant
cell loss induced by herbicide and the results
demonstrated that PQ cause evident neurotoxic effects. However, the toxicity level showed a
concentration-dependent manner, with the
high concentration of PQ resulting in sever toxicity. These observations might be of valuable
for the use of PQ-induced mice as a useful
model to study the mechanism of neuron cell
death as well as to develop neuroprotective
drugs.
Bcl-2 plays an important role on disincentive for
cell apoptosis and Bax contribute to promote
the cell apoptosis. Bcl-2 and Baxfamily numbers and the ratio of Bcl-2/Bax were usually
used as a ruler to measure the cell apoptosis
[31-33]. Previous studies based on detecting
the ratio of Bcl-2/Bax that induced by PQ have
involved in many disease, for example, Huang
et al found that PQ toxicity could significantly
decreased the Bcl-2 expression as well as the
ration of Bcl-2/Bax in lung injury, however,
Lysine acetylsalicylate ameliorated the injury
induced by PQ [34]. Another study found that
PQ-induced toxicity in kidney was associated
with oxidative stress, and the toxicity level
could be revealed by the regulation of Bcl-2 and
Bax [35]. From this study, after the cells were
treated with PQ, the expression of the two proteins were significantly increased, but the ratio
of Bcl-2/Bax was decreased. Then we found
that the expression of Bcl-2 and Bax was affected by the expression of p58ipk, with the lowexpression of p58ipk that decreased the
expression of Bcl-2, whereas, the expression of
Bax was increased. However, with the overexpression of p58ipk, we obtained the opposite
results. Interestingly, the ratio of Bcl-2/Bax was
found to keep in consistent with the cell apoptosis. These results suggested that PQ shift cell
apoptosis, and low-expression of p58ipk exacerbated the imbalance, but overexpression of
p58ipk prevents this alteration. Based on the
results, we hypothesized that the effects of
p58ipk on PQ induced apoptosis may be partly
mediated by regulating the expression of Bcl-2
and Bax.
Phosphorylated AKT (pAKT) is a major contributor to radioresistance, and considered as a significant target gene in cell apoptosis [36].
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Moreover, pAkt is the important marker of
PI3K/Akt signaling pathway, which could modulate celluar activities like cell proliferation,
migration, etc. Saurabh found that PI3K/Akt
signaling pathways protect the neurons from
the detrimental effects of the p38 MAPK activation and promote neuron survival [36]; And
the PI3K/Akt/mTOR is usually over-activated
and enables cell over-proliferation in cancers
and which made it the therapeutic targets, thus
we thought that the PI3K/Akt pathway was singly regarded as the survival pathway in this
article and inhibit cell apoptosis induced by
paraquat. In this study, pAKT was investigated
to determine whether it could be used to measure the neural cells apoptosis and as a signal
for protecting the neurons system against injury-induced by PQ. In this study, a significantly
lower density of pAkt in PQ-induced neurotoxicity, but increased in cells with overexpression
of p58ipk. The results might indicated that
p58ipk control the cell apoptosis might also via
regulating the expression of pAKT.
ER-stress is a signal pathway that with the function of trigger apoptotic signals response in PD
[37, 38]. However, accumulated oxidative
stress and misfolded proteins that induced by
ER-stress might play an important role on eliciting cellular responses, as well as impairing the
protectiveness and ultimately resulting in neuronal cell death. P58ipk showed an effect on
ER-stress by reducing protein synthesis and
attenuating substrate into ER during the stress
environment [39]. The absence of p58ipk would
lead to overexpression of ER-stress inducible
gene CHOP, which constantly leads to blocking
of protein translation as well as aggravating of
cell apoptosis [25, 40, 41]. Our results obtained
that PQ-induced neurotoxicity could significantly increased the expression of p58ipk and
CHOP, then we can speculate that there will be
also a change of ER-stress. Next, we also evaluated whether overexpression or low-expression
of p58ipk could influence the expression of
CHOP. Among them, Overexpression of p58ipk
inhibited expression of CHOP, and low-expression of p58ipk showed the opposite results.
Noteworthy, low-expression of p58ipk accelerated the toxicity might through accelerating the
ER-stress that increased the cell apoptosis,
and overexpression of p58ipk reduced the toxicity seemed to through reducing the ER-stress
that decreased the cell apoptosis. Previous
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study of EvgeniiBoriushkin also found that the
p58ipk increased as the ER stress, and it
should exist one possibilities that p58ipk
increased to inhibit CHOP to protect cell survival [42]. Based on our observations, thus, we
inferred that p58ipk regulate the PQ-induced
cell toxicity might partly through regulating the
ER-stress and further regulating the cell
apoptosis.
Taken together, our study suggested that PQ
could cause severe neurotoxicity. Overexpression of p58ipk protected SH-SY5Y cells against
PQ-induced toxicity through modulating the
ER-stress that then regulated the cell apoptosis. In future, it will be important to emphasize
the effect of ER-stress, and test if they can support neurons therapy on neurotoxins.
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