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Abstract Parkinson's disease (PD) is the second most com-
mon neurodegenerative disease in humans. The effect of
Krüppel-like factor (KLF) 4 in PD is unknown. In this study,
KLF4 was found to be increased in both a time-dependent
manner and a dose-dependent manner in response to the
incubation with 1-methyl-4-phenylpyridinium (MPP+) in
human dopamine neuroblastoma M17 cells, suggesting a
potential role in MPP + −induced neurotoxicity. Following
experiments showed that overexpression of KLF4 in M17
cells promoted MPP + −induced oxidative stress, embodied
by exacerbated reactive oxygen species, 4-hydroxy-2-none-
nal, and protein carbonyls. Furthermore, overexpression of
KLF4 slowed cell proliferation and promoted lactate dehy-
drogenase release. Conversely, inhibition of KLF4 in M17
cells attenuated MPP + −induced neurotoxicity. The expres-
sion of superoxide dismutase (SOD) 1 in both mRNA and
protein levels was found to be decreased by overexpressing
KLF4, while increased by knockdown of KLF4. Moreover,
promoter luciferase experiments showed that transcriptional
activity on SOD1 was inhibited by KLF4. All the results
indicated that KLF4 promoted the neurotoxicity of MPP +
via inhibiting the transcription of SOD1, suggesting a po-
tential mechanism of increased oxidative stress and cell
death in Parkinson’s disease.

Keywords Parkinson's disease . Krüppel-like factor (KLF)
4 . 1-Methyl-4-phenylpyridinium (MPP+) . Superoxide
dismutase (SOD) 1 . Oxidative stress

Introduction

Parkinson's disease (also called Parkinson disease, PD) is a
progressive degenerative central nervous system disorder,
which is characterized by the loss of dopaminergic neurons
and muscular rigidity (Cookson 2009). PD is the second most
common neurodegenerative disease after Alzheimer’s disease
of the elderly in the world. It attracted more and more atten-
tions from both academic scientists and clinical physicians.
The causes and mechanisms of PD are complex and still
unknown. And it is considered as a multifactorial disease,
resulting from interaction between one or more genes and
the environment (Goedert et al. 2012).

1-Methyl-4-phenylpyridinium (MPP+), a major product of
the oxidation of 1-methyl-4-phenyl-1,2,3,6-tetrahydropyri-
dine (MPTP), has been extensively used in a variety of in
vivo and in vitro systems to model PD. It has been reported
that MPP + is actively transported into DAergic neurons
through the plasma membrane in a dopamine transporter
fashion (Kitao et al. 2007). Neurotoxicity of MPTP/MPP +
is complicated. It involves the NO production (Barc et al.
2001), hydroxyl radical generation (Obata. 2006), and apo-
ptosis. Moreover, MPP + was reported to be a potent inhibitor
of complex I and thereby induce mitochondrial dysfunction
(Dauer and Przedborski 2003). However, the cellular mecha-
nisms of MPP-induced neurotoxicity underlying the degenera-
tive process are not yet fully understood. Further understanding
themechanisms bywhichMPTP/MPP + leads to dopaminergic
neuronal death is helpful to provide insights into therapeutic
targets for PD.

Krüppel-like factor 4 (KLF4) is a member of the family of
proteins KLF (Shields et al. 1996), which are transcription
factors that exhibit homology to Krüppel from Drosophila
(Ghaleb et al. 2005). KLF4 were reported to regulate multiple
biological functions, including proliferation and differentiation.
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KLF4 also acts either as a tumor suppressor gene or as an
oncogene in different kinds of cell types and cell contexts
(Ghaleb et al. 2005; Rowland et al. 2005). Apoptosis has also
been implicated in bladder cancer cells by KLF4 (Ohnishi et al.
2003) Previous studies have demonstrated that KLF4 was
expressed in neural stem cells and acted as a transcriptional
repressor of axonal growth in regenerating retinal ganglion
cells (Moore et al. 2009). But whether KLF4 is involved in
neurodegenerative disease, especially Parkinson’s disease, is
still unknown.

In the present study, the effect of KLF4 inMPP + −induced
neurotoxicity was investigated, and we demonstrated that
KLF4-mediated transcriptional inactivation of superoxide dis-
mutase 1 (SOD1) is critical in MPP + −induced oxidative
stress and neurotoxicity.

Materials and Methods

Cell Culture, Treatment, and Transfection

The M17 neuroblastoma cell line was used in this study.
Briefly, cells were maintained in Opti-MEM medium
(Invitrogen, Eugene, OR, USA), supplemented with 5 %
fetal bovine serum and 1 % penicillin–streptomycin, in a
humid incubator with 5 % CO2 at 37 °C. Human KLF4
lentiviral vectors were purchased from Qiagen, USA.
Briefly, HEK 293T cells were used to generate lentiviruses,
and virus-containing supernatants were titrated on M17 cells
to determine the titers needed to transduce >95 % of the
cells (Dekker et al. 2005). Loss-of-function experiments
were performed with M17 transfected with nonspecific or
KLF4-specific siRNA (50 nM, Dharmacon) using
Lipofectamine RNAiMAX (Invitrogen). MPP + was used
to treat M17 cells for various periods of time with various
doses as follows: to detect the alternations of KLF4 expres-
sion in response to MPP + in a dose-dependent manner, cells
were treated with MPP + for 48 h at the concentrations of 5,
10, 25, and 50 μM, respectively; to detect the alternations of
KLF4 expression in response to MPP + in a time-dependent
manner, cells were treated with 25 μM MPP + for 12, 24,
and 48 h, respectively. For MTT and lactate dehydrogenase
(LDH) assay, cells were treated with 50 μMMPP + for 48 or
72 h; for reactive oxygen species (ROS), 4-hydroxy-2-none-
nal (4HNE), protein carbonyl, and SOD activity experi-
ments, cells were treated with 50 μM MPP + for 48 h. A
100-μM H2O2 was used to treat M17 cells for 48 h as a
positive control.

Measurement of Intracellular Reactive Oxygen Species

The intracellular ROS generation of cells was investigated
using the 2′,7′-dichlorofluorescein-diacetate (DCFH-DA).

Briefly, M17 cells were plated at a density of 1×105

cells/ml. After being incubated with the indicated concen-
trations of MPP+, cells were rinsed with Krebs’ ringer
solution (100 mM NaCl, 2.6 mM KCl, 25 mM NaHCO3,
1.2 mM MgSO4, 1.2 mM KH2PO4, and 11 mM glucose),
and 10 μM DCFH-DA was loaded. Then cells were incu-
bated at 37 °C for 2 h and were washed five times with the
same buffer. Fluorescence signals were examined under a
fluorescence microscope. The average fluorescent density of
intracellular areas was measured to index the ROS level by
Image-Pro Plus.

Protein Carbonyl Assay

After diluted in phosphate-buffered saline (PBS), protein
samples from cells were adsorbed to wells of an ELISA
plate and then reacted with dinitrophenylhydrazine
(DNPH), and the hydrazone adducts were probed by
an anti-DNPH antibody, followed by quantification with
a second antibody conjugated with horseradish peroxi-
dase. The method was calibrated using oxidized BSA,
prepared following the instructions described previously
(Sheng et al. 2009a).

Determination of Superoxide Dismutase Activity

To determine the SOD activity in M17 cells after the
indicated transfection and treatment, the SOD Assay
Kit-WST (S311-08; Dojindo Laboratories, Kumamoto,
Japan) was used in this study. Optical density (OD)
values were recorded and normalized based on protein
concentrations to reflect SOD activity according to the
manual instruction.

4-Hydroxy-2-Nonenal Immunofluorescence

4-HNE is a major lipid peroxidation product. After the
indicated transfection and incubation, M17 cells were fixed
in 4 % paraformaldehyde for 10 min at RT, followed by
permeabilization with 0.4 % Triton X-100 and blocked with
5 % BSA and 2.5 % FBS in PBST. Then cells were incu-
bated with anti-4HNE (Cell Signaling, USA) for 2 h at RT
and followed by Alexa-594 conjugated secondary antibod-
ies (Invitrogen, USA) for 1 h at RT.

Lactate Dehydrogenase Determination

The release of LDH into medium is a marker of cell
membrane integrity. Cells were plated in 24-well plates.
After being treated with the indicated concentrations of
MPP + for various periods of time, LDH activity meas-
urements were performed using a commercially avail-
able assay (Roche Applied Science). Absorbance at
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490 nm was read according to the manufacturer's proto-
col of LDH assay kit. The ratio of LDH activity in the
supernatant to the total LDH activity was taken as the percent-
age of cell death.

Cell Viability

MTT reduction assay was used to determine cell viability.
Under different conditions, M17 cells were cultured with the
indicated concentrations of MPP + for various periods of
time in 24-well plates. Briefly, MTTwas added to each well
with a final concentration of 1.0 mg/ml and incubated for
4 h at 37 °C. After removing MTT solution and washing for
three times with PBS, the formed formazane crystal was

dissolved in DMSO. The OD value was measured at 570 nm
using a microplate reader (He et al. 2006).

Luciferase Reporter Gene Assay

An upstream fragment (approximately 2,200 bp) of SOD1
proximal promoters was generated by polymerase chain reac-
tion (PCR) and subsequently cloned into pGL3 firefly lucifer-
ase reporter (Promega) using human genomic DNA as template
in accordance with the manufacturer’s instructions. The follow-
ing primers were used: 5′-AGGCTCGAGAGAATCAC
TTGAACCCAGCA-3′ and 5′-CGTAAGCTTCGCCAT
AACTCGCTAGGCCACGC-3′. Transfections and luciferase
experiments were performed as described previously (Niemann

Fig. 1 Expression of KLF4 in M17 cells after MPP + treatment. M17
cells were stimulated with MPP + at various concentrations for 48 h,
and a mRNA levels of KLF4 at various concentrations were deter-
mined by real-time PCR (the number sign indicates P<0.01 vs non-
treated control, n=4). b Protein levels of KLF4 at various
concentrations were determined by western blot analysis (the number
sign indicates P<0.01 vs nontreated control, n=4). M17 cells were
stimulated with MPP + at indicated doses (25 μM) for varying periods
of time. c mRNA levels of KLF4 at varying time periods were

determined by real-time PCR. The relative values of all results were
determined and expressed as the mean ± SEM of three experiments
performed in duplicate (the number sign indicates P<0.01 vs non-
treated control, n=4). d Protein levels of KLF4 at varying time periods
were determined by western blot analysis. e mRNA levels of KLF4
were significantly increased by incubation with 100 μMH2O2 for 48 h.
f Protein levels of KLF4 were significantly increased by incubation
with 100 μM H2O2 for 48 h (the number sign indicates P<0.01 vs
nontreated control, n=4)
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et al. 2007). All transfections from at least three independent
experiments were performed in triplicate.

Real-time Polymerase Chain Reaction

After various treatments, total RNA was isolated from cells
using Trizol reagent (Invitrogen) according to the manufac-
turer’s protocol. After extraction, 2 μg of total RNAwas then
used as template for reverse transcription PCR to synthesize
cDNA. After being diluted for ten times, the cDNAwas used
in quantitative real-time PCR analysis using SYBR Green
qPCR Master Mix (Roche). The following primer pairs of
human origin were used: KLF4, 5′-CAAGTCCCGCCG
CTCCATTACCAA-3′ (forward) and 5′-CCACAGCCGTC
CCAGTCACAGTGG-3′ (reverse). The following primers
were used: catalase, 5′-CGTGCTGAATGAGGAACAGA-3′
(forward) and 5′-AGTCAGGGTGGACCTCAGTG-3′
(reverse); SOD1, 5′-GGCAAAGGTGGAAATGAAGA-3′
(forward) and 5′-GGGCCTCAGACTACATCCAA-3′
(reverse).

Western Blot Analysis

Whole-cell proteins lysate were seperated on 10 % SDS-
PAGE and then transferred onto Immobilon-P membrane

(Millipore, Billerica, MA, USA). After being blocked for
2 h at RT in TBS containing 10 % nonfat dry milk and 0.5 %
Tween-20, membranes were sequentially incubated with
primary antibodies for 3 h and horseradish peroxidase-
conjugated secondary antibodies for 2 h. Blots were devel-
oped with Immobilon Western Chemiluminescent HRP
Substrate (Millipore) or the Immunocruz (Santa Cruz
Biotechnology) (Sheng et al. 2012).

Results

Firstly, we determined KLF4 expression in M17 cells incu-
bated with MPP + for various periods of time and various
doses. MPP + treatment at the concentrations of 5, 10, 25, and
50 μM on M17 cells for 48 h led to a sustainable increase in
messenger RNA (mRNA) levels of KLF4 (Fig. 1a) and in
protein levels (Fig. 1b). Moreover, M17 cells were incubated
with 25 μMMPP + for various time. And the result showed a
sustainable increase at both mRNA levels (Fig. 1c) and pro-
tein levels of KLF4 in a time-dependent manner from 12 to
48 h (Fig. 1d). To support this finding, the expression levels of
KLF4 in H2O2-treated M17 cells were investigated as a pos-
itive control, and the results showed that the expression of
KLF4 increased at both mRNA and proteins levels after

Fig. 2 Cell viability and LDH release in KLF4-overexpressedM17 cells
after incubation with MPP+. Neo, null control group; KLF4, KLF4 over-
expression group. a After incubation with MPP + for 48 h, MTT assay
results revealed that KLF4 overexpressing cells were more vulnerable to
MPP + −induced neurotoxicity (the asterisk indicates P<0.01 vs Neo
group; the number sign indicates P<0.01 vs Neo + (MPP+) group). b
After incubation with MPP + for 72 h, MTT assay results revealed that
KLF4 overexpressing cells were more vulnerable to MPP + −induced
neurotoxicity (the asterisk indicates P<0.01 vs Neo group; the number

sign indicates P<0.01 vs Neo + (MPP+) group). c After incubation with
MPP + for 48 h, LDH assay results revealed that KLF4 overexpressing
cells showed recued resistibility to MPP + −induced neurotoxicity (the
asterisk indicates P<0.01 vs Neo group; the number sign indicates P<
0.01 vs Neo + (MPP+) group). d After incubation with MPP + for 72 h,
LDH assay results revealed that KLF4 overexpressing cells showed
recued resistibility to MPP + −induced neurotoxicity (the asterisk indi-
cates P<0.01 vs Neo group; the number sign indicates P<0.01 vs Neo +
(MPP+) group)
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treatment with 100 μM H2O2 for 48 h (Fig. 1e, f). The
increased levels of KLF4 induced by MPP + suggested a
potential role in MPP + neurotoxicity.

We overexpressed KLF4 in M17 cells using lentiviral
KLF4 construct, with the null as control. Cell viability was
determined by MTT reduction assay (Sheng et al. 2009b). As
shown in Fig. 2a, b, MTT assay results showed that over-
expression of KLF4 exacerbated the impaired cell viability
induced by 50 μM MPP + treatment for 48 and 72 h. To
confirm that overexpression of KLF4 increased cell vulnera-
bility to MPP+, the levels of cellular toxicity were determined
using a LDH assay. As expected, overexpressing KLF4 in
M17 cells exacerbated MPP + −induced LDH release after 48
and 72 h of incubation (Fig. 2c, d).

The oxidative stress is the main cause of MPP + −induced
neurotoxicity. Thus, the oxidative stress patterns were inves-
tigated. The levels of ROS, 4HNE, and protein carbonyls are
three essential parameters of oxidative stress. To study the
possible roles of KLF4 in regulating oxidative stress, we
measured the intracellular ROS, 4HNE levels, and protein
carbonyls in M17 cells after MPP + incubation and KLF4

transfection. The results indicated that overexpression of
KLF4 promoted the increased levels of ROS (Fig. 3a),
4HNE (Fig. 3b), and protein carbonyls (Fig. 3c) induced by
MPP + treatment. Increased susceptibility to oxidative con-
ditions upon KLF4 overexpression is in agreement with the
studies showing that transient overexpression of KLF4 in
human myeloid leukemia cells increased hydrogen peroxide-
induced apoptosis (Li et al. 2010). Furthermore, MPP + sig-
nificantly decreased SOD activity, which was exacerbated by
overexpression of KLF4 (Fig. 3d).

On further study, we investigated the effects of KLF4 in
MPP + neurotoxicity with inhibition of KLF4 using KLF4
small RNA interference in M17 cells. As shown in Fig. 4a, b,
MTT assay results showed that inhibition of KLF4 could
rescue the impaired cell viability induced by MPP + for 48
and 72 h. The integrity of cell membrane was determined by
the release of LDH after 48 and 72 h of exposure to MPP+,
and results displayed that inhibition of KLF4 protected M17
cells from MPP + −induced LDH release (Fig. 4c, d).

Oxidative stress was observed in PD brains. We further
measured the intracellular ROS, 4HNE levels, and protein

Fig. 3 Overexpression of KLF 4 promoted MPP + −induced oxidative
stress.Neo, null control group;KLF4, KLF4 overexpression group. aAfter
incubation with MPP+, KLF4 overexpressing cells showed more intracel-
lular ROS accumulation than neo control (the asterisk indicates P<0.01 vs
Neo group; the number sign indicates P<0.01 vs Neo + (MPP+) group). b
After incubation with MPP+, KLF4 overexpressing M17 cells exhibited a
significant increase of 4HNE (the asterisk indicates P<0.01 vs Neo group;

the number sign indicates P<0.01 vs Neo + (MPP+) group). c After
incubation with MPP+, KLF4 overexpressing M17 cells displayed a
significant increase of protein carbonyls (the asterisk indicates P<0.01 vs
Neo group; the number sign indicates P<0.01 vs Neo + (MPP+) group). d
Overexpressing KLF4 in M17 cells exacerbated reduced SOD activity
induced by MPP + (the asterisk indicates P<0.01 vs Neo group; the
number sign indicates P<0.01 vs Neo + (MPP+) group)
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carbonyls in M17 cells after MPP + incubation and KLF4
inhibition. The results indicated that inhibition of KLF4
attenuated the increased levels of ROS (Fig. 5a), 4HNE
(Fig. 5b), and protein carbonyls (Fig. 5c) induced by MPP +
treatment. Moreover, MPP + significantly decreased SOD
activity, which could be protected by knockdown of KLF4
(Fig. 5d).

In order to explore the mechanisms of which the reduced
resistance to the oxidant stress challenge induced by KLF4,
we measured the expression patterns of catalase and SOD 1,
two important cellular oxidative defense mechanisms. The
level of catalase was not influenced by KLF4 (Fig. 6a for
mRNA and Fig. 6b for protein), while the level of SOD1
was significantly reduced by overexpressing KLF4 at both
mRNA (Fig. 6a) and protein levels (Fig. 6b). Conversely,
the inhibition of KLF4 by siRNAwas detected by real-time
PCR and Western blot analysis, resulting in induction of the
expressions of SOD1 at both mRNA levels (Fig. 6c) and
protein levels (Fig. 6d), without affecting the expression
levels of catalase. These results suggested a potentially
negative effect of KLF4 on SOD1. In order to understand
how KLF4 regulates SOD1, we detected its effects on their
promoter activity of SOD1. A strong transinactivation effect
on the SOD1 promoter is shown in Fig. 6e after transfection
with KLF4.

Discussion

PD is a progressive neurodegenerative disease caused by the
death of dopaminergic neurons in the substantia nigra. The
pathogenesis of PD still needs to be elucidated. Previous
studies have reported that multiple pathways were involved
in PD. These pathways included oxidative and nitrosative
stress, defects in the ubiquitin–proteasome system, protein
aggregation, mitochondrial damage, and apoptosis (Dawson
and Dawson 2003). But the activation mechanism of these
pathways remains unknown. Dopaminergic human neuroblas-
toma M17 cell lines, which were reported to possess dopa-
mine synthetic, metabolistic, and transporting enzymes, have
been widely used to study MPP + −induced neurotoxicity in
PD (Marco et al. 2010). The present study demonstrates that
regulation of SOD1 mediated by KLF4 is crucial for
oxidative stress and cell death caused by MPP+. In this
investigation, we first detected the expression of KLF4 in
M17 cells and found that KLF4 levels were increased by
MPP + in both a time-dependent manner and a dose-
dependent manner. Overexpression of KLF4 promoted the
neurotoxicity of MPP + in the forms of increasing cell vul-
nerability and oxidative stress, while knockdown of KLF4
attenuated the neurotoxicity of MPP+. These data suggest a
potential role for KLF4 in MPP + neurotoxicity.

Fig. 4 Cell viability and LDH release in KLF4 knockdown M17 cells
after incubation with MPP+. siKLF4, KLF4 siRNA group; NS, nonspe-
cific siRNA group. a After incubation with MPP + for 48 h, MTT assay
results revealed that KLF4 knockdown cells were more vulnerable to
MPP + −induced neurotoxicity (the asterisk indicates P<0.01 vs NS
group; the number sign indicates P<0.01 vs NS + (MPP+) group). b
After incubation with MPP + for 72 h, MTT assay results revealed that
KLF4 knockdown cells were more vulnerable to MPP + −induced
neurotoxicity (the asterisk indicates P<0.01 vs NS group; the number

sign indicates P<0.01 vs NS + (MPP+) group). c After incubation with
MPP + for 48 h, LDH assay results revealed that KLF4 knockdown cells
showed recued resistibility toMPP + −induced neurotoxicity (the asterisk
indicates P<0.01 vs NS group; the number sign indicates P<0.01 vs NS
+ (MPP+) group). d After incubation with MPP + for 72 h, LDH assay
results revealed that KLF4 knockdown cells showed recued resistibility to
MPP + −induced neurotoxicity (the asterisk indicates P<0.01 vs NS
group; the number sign indicates P<0.01 vs NS + (MPP+) group)

114 J Mol Neurosci (2013) 51:109–117



Oxidative damage is responsible for most of the neuro-
degenerative diseases including PD. Antioxidant status
is contributive in playing a critical role in protecting
MPP + −induced dopaminergic neuron loss. SOD is the
most important enzyme in all kinds of tissues and protects
against oxidative stress. It also can help to prevent neuronal
cells from apoptosis. Reduced SOD1 expression in M17
cells is associated with alternation of KLF4. KLF transcrip-
tion factors was reported to bind to “CACCC” elements or
“CT box”, and GC-rich sequences that also serve as binding
sites for Sp1/3 transcription factors (Bieker 2001; Wu
and Lingrel 2004). The presented data demonstrated that
MPP + −induced KLF4 expression leads to reduced SOD1
expression in M17 cells. Reduced SOD activity induced by
MPP + is in consistence with the finding that MPP +
significantly decreased GSH level and SOD activity in the
rat primary neurons (Lo et al. 2012).The result was verified
by the data that overexpression of KLF4 could reduce the
level of SOD1, while knockdown of KLF4 could increase

the level of SOD1. A previous study demonstrated that the
SOD1 promoter contained multiple transcription factor
binding motifs including Sp1 and Egr-1 binding sites
(Minc et al. 1999). Thus, it may be speculated that KLF4
binds to the SOD1 promoter and thereby inhibits transcrip-
tional activity of SOD1.

KLF4 has been implicated with slowing cell proliferation
and apoptosis in a lot of studies. Previous studies indicated
that KLF4 blocked the transition from the G (1) to S phase in
the cell cycle to slow cell growth through repressing several
positive cell-cycle regulatory gene promoters, such as cyclin
D1 and ornithine decarboxylase (Wassmann et al. 2007; Shie
et al. 2000; Chen et al. 2000). KLF4 was reported to induce
apoptosis in leukemia cells involving the bcl-2/bax pathway
during H2O2 stimulation through transactivating the promoter
activity of bax and transinactivating the promoter activity of
bcl-2 (Li et al. 2010). A recent study reported that the expres-
sion of KLF4 induced by H2O2 could be decreased by quer-
cetin in human neuroblastoma SH-SY5Y cells, suggesting the

Fig. 5 Knockdown of KLF4 protected MPP + −induced oxidative
stress. siKLF4, KLF4 siRNA group; NS, nonspecific siRNA group. a
After MPP + treatment, KLF4 knockdown cells showed less intracel-
lular ROS accumulation than nonspecific controls (the asterisk indi-
cates P<0.01 vs NS group; the number sign indicates P<0.01 vs NS +
(MPP+) group). b After incubation with MPP+, KLF4 knockdown
M17 cells exhibited a significant decrease of 4HNE compared with
nonspecific controls (the asterisk indicates P<0.01 vs NS group; the

number sign indicates P<0.01 vs NS + (MPP+) group). c After
incubation with MPP+, KLF4 knockdown M17 cells exhibited a sig-
nificant reduction of protein carbonyls (the asterisk indicates P<0.01
vs NS group; the number sign indicates P<0.01 vs NS + (MPP+)
group). d Overexpressing KLF4 in M17 cells reversed reduced SOD
activity induced by MPP + (the asterisk indicates P<0.01 vs NS group;
the number sign indicates P<0.01 vs NS + (MPP+) group)
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mediated role of KLF4 for the protective effect of quercetin on
cell damage induced by H2O2 (Xi et al. 2012). Moreover,
overexpression of KLF4 was demonstrated to participate in
heat stress-induced apoptosis in murine macrophages (Liu et
al. 2007). There are some evidences showed that KLF4 could
act as a tumor suppressor for both gastric and colorectal
cancers through promoting apoptosis (Li et al. 2002).
Although these evidences did not occur in the central neural
system, they still supported our findings that KLF4 could slow
cell proliferation and induce apoptosis. Microglial inflamma-
tion is observed in PD. It was reported that overexpression of
KLF4 resulted in the increased production of iNOS and Cox-2

in BV-2 cells associated with a decrease of anti-inflammatory
activity of honokiol (HNK), suggesting KLF4 as a potential
target for therapeutic activities of HNK (Kaushik et al. 2012).

In summary, our study demonstrated the increasing ex-
pression of KLF4 in M17 cells after MPP + incubation, and
it was identified that KLF4 reduced the expression of SOD1,
potentially resulting in the neurotoxicity on M17 cells in-
duced by MPP+. Our findings suggest an implication that
KLF4 is a potential therapeutic target for PD treatment.
Further research will provide us with a more complete
picture of the underlying mechanisms in PD and other
neurodegenerative diseases.

Fig. 6 KLF4 inhibited SOD1 expression at transcriptional level in M17
cell. Neo, null control group; KLF4, KLF4 overexpression group;
siKLF4, KLF4 siRNA group; NS, nonspecific siRNA group. a Over-
expression of KLF4 decreased mRNA levels of SOD1 but not catalase. b
Overexpression of KLF4 decreased protein levels of SOD1 but not
catalase. c Knockdown of KLF4 increased mRNA levels of SOD1 but

not catalase. dKnockdown ofKLF4 increased protein levels of SOD1 but
not catalase. eKLF4 inhibited SOD1 promoter activity. Activity of SOD1
promoter was measured in M17 cells after overexpression of lentiviral
KLF4; normalized (firefly/protein concentration) promoter activity is
expressed relative to vector control (the number sign indicates P<0.01;
n=4, Student’s t test)
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