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Neuronal oxidative stress is involved in diverse neurological disorders. Homer1a, as

an important member of the Homer family and localized at the postsynaptic density,

is known to protect cells against oxidative injury. However, the exact neuroprotective

mechanism of Homer1a has not been fully elucidated. Here, we found that Homer1a

promoted cell viability and reduced H2O2-induced LDH release. The overexpression

of Homer1a enhanced autophagy after H2O2 treatment, which was confirmed by

increased expression of LC3II, Beclin-1, and greater autophagosome formation. In

addition, we demonstrated that activating autophagy improved cell survival and

reduced H2O2-induced oxidative stress and mitochondrial damage. Moreover, the

autophagy inhibitor 3-MA partially prevented the protective effects of Homer1a against

oxidative challenge. We also found that the upregulation of Homer1a after H2O2

treatment increased the phosphorylation of AMPK. Furthermore, the AMPK inhibitor

compound C inhibited Homer1a-induced autophagy and abolished Homer1a-mediated

neuroprotection. All the above data suggests that Homer1a confers protection against

H2O2-induced oxidative damage via AMPK-dependent autophagy.

Keywords: Homer1a, hydrogen peroxide, AMPK, autophagy, oxidative stress, mitochondrial dysfunction

INTRODUCTION

Oxidative stress is an important pathophysiological feature of acute and chronic neurological
diseases, including neurodegenerative diseases (Jiang et al., 2016), traumatic brain injury
(Rodriguez-Rodriguez et al., 2014), and cerebral ischemia (Amaro et al., 2015). Oxidative stress
occurs when the endogenous antioxidant capability of a cell is inadequate to overcome the effects of
reactive oxygen species (ROS). H2O2, a well-established ROS generator, has been observed in nearly
all types of oxidative stress, and oxygen radicals spread freely within and beyond cells and tissues
(Barbouti et al., 2002). H2O2-induced oxidative stress can directly attack cellular components, such
as lipids, proteins and DNA, and therefore leads to cell death.

Autophagy is primarily a protective process that occurs in response to various stresses.
During the autophagy, double-membrane vesicles known as autophagosomes deliver cytosolic
macromolecules and damaged organelles into the lysosome for degradation, thereby maintaining
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homeostasis (Bento et al., 2016). Although accumulating studies
have highlighted the crosstalk between oxidative stress and
autophagy, whether autophagy mitigates or exacerbates oxidative
damage is still a controversial issue (Filomeni et al., 2015).

Homer proteins are a group of postsynaptic scaffold proteins
that are characterized by a conserved enabled/vasodilator-
stimulated phosphoprotein (Ena/VASP) homology 1 (EVH1)
domain (Brakeman et al., 1997; Kato et al., 1997). Homer1a, as
the short variant of Homer proteins, lacks the carboxy-terminal
coiled-coil structure involved in the self-multimerization of
long Homers (Shiraishi-Yamaguchi and Furuichi, 2007). Due
to these structural features, Homer1a acts as a dominant-
negative protein that disrupts the complexes formed by long
Homers and regulates downstream signaling (Xiao et al.,
2000). Our previous studies have demonstrated that Homer1a
protects neurons against various stresses by regulating metabolic
glutamate receptors, N-methyl-D-aspartate receptors, and store-
operated calcium entry (Luo et al., 2014; Wang et al., 2015;
Rao et al., 2016). We also found that Homer1a attenuates
H2O2-induced oxidative stress by reducing ROS accumulation
in PC12 cells (Luo et al., 2012). However, the exact associated
molecular mechanisms of Homer1a against oxidative stress have
not been reported. In the present study, we determined the
protective effects of Homer1a against oxidative stress. We also
investigated the effect of Homer1a overexpression on autophagy
and confirmed the involvement of AMPK in autophagy and
Homer1a-induced cytoprotection..

MATERIALS AND METHODS

Antibodies and Reagents
Antibodies against LC3, P62, Beclin-1, β-actin, AMPK,
and p-AMPK (Thr172), were obtained from Cell Signaling
Technology. Antibodies against Homer1a were obtained from
Synaptic Systems. Rapamycin, STF-62247, compound C, 3-MA,
and chloroquine were purchased from Sigma-Aldrich.

Cell Culture
HT-22 cells (Institute of Biochemistry and Cell Biology, SIBS,
CAS.) were grown in DMEM (Gibco, Frederick, MD, USA) plus
10% fetal bovine serum (Gibco) and 1% penicillin–streptomycin
(Sigma-Aldrich, St. Louis, MO, USA). The cells were cultured
in a humidified atmosphere at 37◦C under 5% CO2. Before
the experiments, HT-22 cells were seeded in 6-well culture
dishes (106 per well) and incubated until they reached 70–80%
confluency. Rapamycin (5µM), STF-62247 (10µM), 3-MA
(2mM), chloroquine (10µM), and compound C (20µM) were
added to the cultures for 24 h before H2O2 treatment.

Lentivirus Construction and Transfection
The preparation of lentivirus for the overexpression experiments
was performed as previously described (Luo et al., 2014). The
lentivirus overexpression system was developed by removing
the EGFP open reading frame from the pGC-FU-EGFP-3FLAG
construct (GeneChem Co., Shanghai, China) with an AgeI/NheI
digestion and replacing this cassette with Homer1a cDNA.HT-22

cells were transfected with lentivirus vectors at a multiplicity of
infection (MOI) of 30 for 48 h.

Western Blot
After each treatment, the cells were lysed in RIPA buffer
with protease inhibitor cocktail (Roche Applied Bioscience,
Indianapolis, IN, USA) and subjected to western blotting
as described previously (Rao et al., 2016). Briefly, protein
concentrations were assessed with a BCA Kit (Pierce, Rockford,
IL, USA), and equivalent amounts of protein (30 µg) were
separated by 8–15% SDS-PAGE gels, followed by transfer onto
PVDF membranes. The membranes were then soaked in 5%
skim milk in Tris-phosphate buffer containing 0.05% Tween 20
(TBST) for 1 h and further incubated overnight at 4◦C with the
appropriate primary antibody (Homer1a 1:1000; LC3II 1:1000;
Beclin-1 1:1000; P62 1:8000; β-actin 1:5000; AMPK 1:1000;
p-AMPK 1:1000). After three washes for 8min in TBST, the
blots were incubated with HRP-conjugated secondary antibodies
for 1–2 h. The target protein signal was detected by SuperSignal
West Pico Chemiluminescent Substrate (Thermos Scientific).
The optical densities of the bands were quantified by ImageJ
(Scion Corporation, Torrance, CA, USA).

Measurement of ROS Production
The intracellular ROS was measured by 2,7-
dichlorodihydrofluoresceindiacetate (H2DCFDA) (Molecular
Probe), as previously reported (Luo et al., 2012). HT-22 cells
were incubated with H2DCFDA (10mM) for 1 h at 37◦C in dark
and then resuspended in phosphate-buffered saline (PBS). The
fluorescence intensity was read with a fluorescence plate reader
(excitation wavelength of 480 nm and an emission wavelength of
530 nm).

Measurement of Lipid Peroxidation
Malonyldialdehyde (MDA) and 4-hydroxynonenal (4-HNE), two
indexes of lipid peroxidation, were detected using a Lipid
Peroxidation 4-HNE Assay Kit (Beyotime, Shanghai, China)
and a Lipid Peroxidation MDA Assay Kit (Beyotime, Shanghai,
China), according to the manufacturer’s instructions. The
absorbance was read at 450 nm using a ELISA reader.

Measurement of Mitochondrial Membrane
Potential (MMP)
MMP was monitored using the fluorescent dye rhodamine 123
(Rh 123). Rh 123 was added to cultures to achieve a final
concentration of 10mM for 30min at 37◦C after the HT-22
cells had been treated and washed with PBS. Fluorescence was
acquired using a fluorescence plate reader (excitation wavelength
of 480 nm, emission wavelength of 530 nm).

Measurement of Intracellular ATP
The intracellular ATP levels were measured using a firefly
luciferase based ATP assay kit (Beyotime, China), strictly
following the manufacturer’s protocol. The ATP levels of each
group were calculated as a percentage of the control.
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Immunofluorescence
HT-22 cells were fixed in 4% paraformaldehyde for 20min,
washed in PBS, and then permeabilized with 0.2% Triton X-
100 for 10min. Next, the cells were incubated with rabbit anti-
LC3 antibody (1:200) at 4◦C overnight, followed by incubation
with Alexa 488 donkey-anti-rabbit IgG (1:400) for 2 h at room
temperature. The nuclei were counter-stained with DAPI for
10min (Sigma). All the images were acquired using a confocal
microscope (FV10i, Olympus, Tokyo, Japan) with the same
exposure time, light sensitivity and laser power.

Cell Viability Assay
The cell viability assay was performed using the Cell Counting
Kit-8 (CCK-8) (#CK04; Dojindo, Japan), following the
manufacturer’s instructions. Normal cells or lentivirus-infected
cells were seeded in 96-well plates with 5,000 cells per well. After
treatment, 10µl/well of CCK-8 solution was added into each well
and incubated for 4 h. The absorbance was measured at 450 nm
using a microplate reader. (Bio-Rad, Hercules, CA, USA).

Lactate Dehydrogenase (LDH) Assay
The release of LDH was evaluated using the Cytotoxicity
Detection Kitplus (Roche Applied Bioscience, Indianapolis,
IN, USA), following the manufacturer’s protocol. After
subtracting the background values in the medium, the
percentage cytotoxicity was calculated with the following
equation: LDH release (% of Max) = 100× (experimental
value–low control)/(high control–low control). Experimental
value, LDH values in the experimental groups; Low control, LDH
values in the untreated normal cells; High control, the maximum
releasable LDH values in the untreated normal cells.

Tunel Staining
Apoptosis in HT-22 cells was detected with the terminal
deoxynucleotidyl transferase (TdT)-mediated dUTP nick-

end labeling (TUNEL) In Situ Cell Death Detection Kit
(#11684795910; Roche, Mannheim, Germany). The cells were
fixed with freshly prepared 4% paraformaldehyde for 20min
at room temperature and permeabilized with 0.2% Triton
X-100 for 5min. The cells were then incubated with 50 µl
TUNEL reagent mixture for 60min at 37◦C following the
manufacturer’s protocol. The images were captured with a
fluorescence microscope, the TUNEL-positive cells were counted
and the ratio of TUNEL-positive cells/total cells was calculated.
DAPI (10µg/ml) was used to stain nuclei.

Electron Microscopy
The HT-22 cells were fixed in 2% paraformaldehyde-2%
glutaraldehyde buffered with 0.1 mol/L phosphate buffer at
room temperature. The cells were post-fixed with 1% osmium
tetroxide, dehydrated in acetone and immersed in resin. After
hardening, the samples were cut into 50 nm thick slices, stained
with lead citrate and observed on an electron microscope.

Statistical Analysis
All the experiments were performed a minimum of three times.
The statistical analyses were conducted using the GraphPad
Prism software, version 6.0 (GraphPad, San Diego, CA, USA).

Significance between experiments was assessed by univariate
analysis of variance (ANOVA; more than two groups), followed
by Bonferroni’s multiple comparisons or unpaired t-test (two
groups).

RESULTS

Homer1a Protects against H2O2-Induced
Oxidative Injury in HT-22 Cells
HT-22 cells were exposed to an increasing concentration of H2O2

(200, 400, 600, 800, 1000µM) for 24 h. The results showed that
H2O2 decreased cell viability and induced LDH release in a
dose-dependent manner (Figures 1A,B). An exposure to 600µM
H2O2 for 24 h was used in the following experiments given that
exposure to the cell insult induced nearly 50% cell death. To
investigate the effect of H2O2 on Homer1a expression, HT-22
cells were incubated in the presence of H2O2 (600µM) for
different periods of time (control, 8, 16, and 24 h). The results
indicated that H2O2 significantly increased the levels of Homer1a
within 24 h (Figure 1C).

To identify the effect of Homer1a on H2O2-induced
oxidative stress, HT-22 cells were transfected with lentivirus
carrying Homer1a (LV-Homer1a) or a negative control
lentivirus (LV-NC). Immunoblot analysis showed that lentiviral
transduction of LV-Homer1a increased the expression of
Homer1a protein (Figure 1D). After treatment with H2O2 for
24 h, the viability of HT-22 cells transfected with LV-Homer1a
was higher than the cells transfected with LV-NC (Figure 1E).
Furthermore, the overexpression of Homer1a clearly decreased
LDH release after H2O2 treatment (Figure 1F).

Homer1a Modulates Autophagy in HT-22
Cells Undergoing Oxidative Stress
To test whether the Homer1a regulates autophagy following
oxidative stress, we transfected HT-22 cells with LV-Homer1a
and cultured the cells for 2 days before adding H2O2. Our results
showed that the overexpression of Homer1a increased protein
levels of LC3II and Beclin-1 and decreased the expression of
p62 (Figures 2A–D). The immunofluorescent results indicated
that the overexpression of Homer1a significantly increased
the number of LC3-positive puncta after H2O2 treatment
compared to the LV-NC group (Figures 2E,F). In addition,
ultrastructural studies clearly revealed more autophagosomes in
the LV-Homer1a group after H2O2 treatment compared to the
LV-NC group (Figures 2G,H).

Homer1a Inhibits H2O2-Induced Cell Injury
by Upregulating Autophagy
To determine the role of autophagy in H2O2-induced oxidative
damage, we evaluated cell injury after HT-22 cells were
treated with H2O2 and pharmacological agents that modulated
autophagy (Figure 3A). The results indicated that rapamycin,
a classical inducer of autophagy, reduced the number of
TUNEL-positive cells and decreased LDH release after oxidative
stress (Figures 3B–D). To identify whether Homer1a conferred
protection through modulation of autophagy, HT-22 cells

Frontiers in Neuroscience | www.frontiersin.org 3 February 2018 | Volume 12 | Article 51

https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/neuroscience#articles


Wu et al. Homer1a Regulates AMPK-Dependent Autophagy

FIGURE 1 | Homer1a protects against H2O2-induced oxidative injury in HT-22 cells. HT-22 cells were exposed to different concentrations of H2O2 for 24 h. Cell

viability was measured by CCK-8 assay (A), and cytotoxicity was detected by LDH release assay (B). HT-22 cells were treated with 600µM H2O2 for indicated times,

the expression of Homer1a was determined by Western blot (C). HT-22 cells were transfected with LV-NC or LV-Homer1a for 48 h and exposed to H2O2 (600µM) for

24 h. Homer1a protein level was detected by Western blot after treated with or without H2O2 (D). Cell viability and cytotoxicity were measured in presence or absence

of H2O2 (E,F). The data were expressed as means ± SEM from five experiments. *P < 0.05 vs. Control, #P < 0.05 vs. LV-NC group.

were transfected with LV-Homer1a and/or treated with the
autophagy inhibitor 3-MA. The results showed that the increased
expression of LC3II induced by Homer1a overexpression was
decreased by 3-MA (Figure 3E). Moreover, treatment with 3-MA
or chloroquine (CQ), another autophagy inhibitor, partially
reversed the protective effects of Homer1a against H2O2-induced
injury (Figures 3F–H).

Autophagy Is Involved in the
Homer1a-Mediated Protection against
H2O2-Induced Oxidative Stress and
Mitochondrial Damage
To assess the relationship between autophagy, H2O2-induced
oxidative stress and mitochondrial damage, HT-22 cells were
pretreated with rapamycin or STF-62247, another autophagy
activator before H2O2 treatment. The results showed that
rapamycin and STF-62247 both significantly reduced H2O2-
induced ROS production, lipid peroxidation (MDA and 4-HNE),
loss of MMP and ATP production (Figures 4A–E). To further
investigate the role of Homer1a-induced autophagy in regulating
oxidative stress and mitochondrial function, HT-22 cells were
transfected with LV-Homer1a or LV-NC and treated with 3-MA
and H2O2. We observed that H2O2-induced ROS production
and lipid peroxidation decreased in HT-22 cells transfected
LV-Homer1a (Figures 4A–C). Moreover, the overexpression
of Homer1a prevented the H2O2-induced loss of MMP and

reduction of ATP production (Figures 4D,E). However, the
Homer1a-mediated protection against H2O2-induced oxidative
stress and mitochondrial damage were partially abolished by
3-MA (Figures 4A–E).

The Homer1a/AMPK/Autophagy Pathway
Reduces H2O2-Induced Oxidative Stress
To further clarify the molecular mechanisms through which
Homer1a mediates autophagy and protection, we tested whether
Homer1a protects HT-22 cells through the AMPK pathway. The
results indicated that the overexpression of Homer1a markedly
increased the phosphorylation of AMPK after H2O2 treatment
(Figure 5A). In addition, the increased levels of p-AMPK
induced by Homer1a was partially prevented by the AMPK
inhibitor compound C (Figure 5A). The western blot results
showed that the increased expression of Beclin-1 and LC3II
induced by Homer1a overexpression after oxidative stress was
reversed by compound C treatment (Figures 5B–D). Moreover,
the Homer1a-induced decreased LDH release, ROS production
and increase in MMP levels upon H2O2 challenge were partially
abolished by compound C, suggesting that AMPK was involved
in Homer1a-induced protection (Figures 5E–G).

DISCUSSION

In the present study, we revealed that Homer1a confers
protection against oxidative stress by regulating autophagy in
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FIGURE 2 | Homer1a regulates autophagy following oxidative stress. HT-22 cells were transfected with LV-NC or LV-Homer1a for 48 h and exposed to H2O2

(600µM) for 24 h. The expression of LC3II, Beclin1 and P62 at 24 h after H2O2 treatment were detected by Western blot analysis (A–D). LC3II was also detected with

Immunofluorescence staining at 24 h after H2O2 treatment (E), and the number of LC3 puncta (arrows) were calculated (F). Scale bar = 10µm. HT-22 cells were

observed by electron microscopy at 24 h after H2O2 treatment (G), and the number of autophagosomes (red arrows) were calculated (H). Scale bar = 500 nm. N:

nucleus. The data were expressed as means ± SEM from five experiments. *P < 0.05 vs. Control, #P < 0.05 vs. LV-NC group.

HT-22 cells. First, we observed that the overexpression of
Homer1a attenuated H2O2-induced oxidative injury. Second,
it was determined that the protective functions of Homer1a
were associated with activation of autophagy. Lastly, the AMPK
pathway was responsible for the regulation of autophagy induced
by Homer1a.

Homer1a, as an immediate early gene (IEG), functions directly
at the synapses (Serchov et al., 2016). In general, Homer1a
appears to be an important regulator of activity-induced
remodeling at synaptic structures (Inoue et al., 2007). Previous
studies have shown that activation of Homer1a improved
neuronal survival after acute brain injury, such as traumatic
neuronal injury, cerebral ischemia, and excitotoxic challenge
(Luo et al., 2014; Fei et al., 2015; Wang et al., 2015). In
line with these studies, our results indicated that the levels of
Homer1a protein in HT-22 cells increased after H2O2 treatment
in a time-dependent manner. The overexpression of Homer1a
significantly increased cell viability and decreased LDH release
after oxidative stress, which strongly suggested that Homer1a
might be cytoprotective against oxidative stress.

Autophagy is a catabolic process occurring in response to
multiple forms of cellular stress, such as nutrient deprivation,

hypoxia, and intracellular pathogens (Kroemer et al., 2010).
It is well accepted that oxidative stress, as the converging
point of these stimuli, is the primary intracellular signal
transducer that sustains autophagy (Filomeni et al., 2015).
Intriguingly, enhanced autophagy is considered both a type of
cell death and a pro-survival mechanism upon oxidative stress.
In our in vitro model, autophagy activitors, rapamycin and
STF-62247 both reduced ROS production, lipid peroxidation,
and mitochondrial dysfunction after H2O2 treatment. These
results were consistent with a previous study showing that the
upregulation of autophagy with rapamycin in differentiated,
rotenone-treated SH-SY5Y cells preserved cell viability (Pan
et al., 2009). These results indicated that autophagy is
beneficial for cells against oxidative stress. Conversely, recent
studies found that treatment with 3-MA protected HT-22 cells
against glutamate-induced oxidative stress (Yang et al., 2017).
The inconsistency between our results and previous studies
might partially be attributed to different models and time
points.

According to our results, Homer1a is an important
regulator of autophagy under oxidative stress conditions.
Our previous study indicated that Homer1a protected
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FIGURE 3 | Homer1a inhibits H2O2-induced cell injury by upregulating autophagy. HT-22 cells were treated with rapamycin (5µM) for 24 h then H2O2 applied for

24 h. The expression of LC3II was determined by Western blot (A). Scale bar = 100µm. Apoptotic cell death was measured by TUNEL staining (B,C), and

cytotoxicity was detected by LDH release assay (D). HT-22 cells were transfected with LV-NC or LV-Homer1a for 48 h. After transfection, the cells were treated with

3-MA (2mM) or CQ (10µM) for 24 h then H2O2 applied for 24 h. The expression of LC3II was determined by Western blot (E). Scale bar = 100µm. Apoptotic cell

death was measured by TUNEL staining (F,G), and cytotoxicity was detected by LDH release assay (H). The data were expressed as means ± SEM from five

experiments. *P < 0.05 vs. Control, &P < 0.05 vs. H2O2,
#P < 0.05 vs. H2O2+LV-NC, $P < 0.05 vs. H2O2+LV-Homer1a.

against NMDA-induced neuronal injury by disassembling
NR2B-PSD95-nNOS complexes and reducing the membrane
distribution of NMDARs (Wang et al., 2015). Importantly, it
is well accepted that autophagy machinery is robustly induced
in cultured neurons subjected to NMDA treatment (Sadasivan
et al., 2010). Therefore, the relationship between Homer1a and
autophagy is deserving of attention. Our present results suggest
that Homer1a overexpression markedly increased the expression
of LC3II and Beclin1, as well as LC3-positive puncta and the
number of autophagosomes after H2O2 treatment. Moreover,
our previous study proved that the overexpression of Homer1a
protected against H2O2-induced oxidative stress by reducing
ROS production and the loss of MMP and ATP production
(Luo et al., 2012). However, we found that autophagy inhibitor
3-MA abrogated the Homer1a-mediated protection against
H2O2-induced oxidative stress and mitochondrial damage.
Taken together, our results strongly demonstrated that Homer1a
protected against H2O2-induced oxidative injury by inducing
autophagy.

Another issue to be considered is how Homer1a interacts
with the autophagy pathway. We found that the overexpression
of Homer1a increased the phosphorylation of AMPK, which

can trigger autophagy to coordinate cell growth and metabolism
(Mihaylova and Shaw, 2011). Moreover, AMPK has a pivotal
role in the interplay between oxidative stress and autophagic
machinery (Filomeni et al., 2015). Previous studies have shown
that Homer1a can attenuate oxidative injury through store-
operated calcium entry (SOCE), which can also be regulated by
AMPK (Lang et al., 2013; Rao et al., 2016). Intriguingly, our
results showed that the Homer1a-induced increase in p-AMPK
levels was partially reversed by treatment with compound
C. Accordingly, the enhanced autophagy and neuroprotection
induced by Homer1a were abolished by compound C. These
data indicate that Homer1a stimulated the activity of AMPK and
increased the autophagy rate, thereby attenuating H2O2-induced
injury.

In conclusion, oxidative stress-induced cell damage is
common in the context of neurological diseases. According
to our results, Homer1a can protect against oxidative stress
through AMPK-dependent autophagy activation, providing
a new perspective on the protective role of Homer1a.
However, little is known regarding the effect of Homer1a
on autophagy flux and mitophagy. Further investigations
on the link between Homer1a and autophagy signaling
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FIGURE 4 | Autophagy is involved in the Homer1a-mediated protection against H2O2-induced oxidative stress and mitochondrial damage. HT-22 cells were treated

with rapamycin (5µM) or STF-62247 (10µM) for 24 h then H2O2 applied for 24 h. ROS production, lipid peroxidation, MMP and ATP were assayed (A–E). HT-22 cells

were transfected with LV-NC or LV-Homer1a for 48 h. After transfection, the cells were treated with 3-MA (2mM) for 24 h then H2O2 applied for 24 h. ROS production,

lipid peroxidation, MMP and ATP were assayed (A–E). The data were expressed as means ± SEM from five experiments. *P < 0.05 vs. Control, &P < 0.05 vs. H2O2,
#P < 0.05 vs. H2O2+LV-NC, $P < 0.05 vs. H2O2+LV-Homer1a.

FIGURE 5 | The Homer1a/AMPK/autophagy pathway reduces H2O2-induced oxidative stress. HT-22 cells were transfected with LV-NC or LV-Homer1a for 48 h. After

transfection, the cells were treated with compound C (20µM) for 24 h then H2O2 applied for 24 h. The expression of p-AMPK, AMPK, Beclin1 and LC3II were

detected by Western blot analysis (A–D). Cytotoxicity was detected by LDH release assay (E). ROS production and MMP were assayed (F,G). The data were

expressed as means ± SEM from five experiments. *P < 0.05 vs. Control, #P < 0.05 vs. H2O2+LV-NC, $P < 0.05 vs. H2O2+LV-Homer1a.
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would provide a better understanding of neurological
diseases.
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