MOJ Toxicology
Research Article

Open Access

TNF-A protection of hippocampal neurons from
kainic acid induced neurodegeneration is associated
with up-regulation of NFκB and AKT as well as
down-regulation of p38 MAPK signaling molecules
Abstract

Volume 1 Issue 2 - 2015

Background: Previously, our study showed that TNF-α plays a protective role in kainic acid
(KA) induced neurodegeneration in vivo in mice. Here, we further clarified the protective
role of TNF-α in KA-induced hippocampal neuronal damage in vitro and elucidated the
potential signaling pathways.
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Methods: Hippocampal neurons were isolated from embryonic 16 days (E16) TNF-α
knockout (KO) and wild-type (WT) mice with C57BL/6 background, respectively, and
exposed to KA with and without recombinant TNF-α, as well as anti-TNF-α antibody. After
24-hours exposure to KA, lactate dehydrogenase (LDH) production and neurotoxicity were
detected for evaluating neuronal survival rates. The production of nitric oxide (NO) from
supernatants and the expression of nuclear factor kappa B (NFкB), inhibitor of NFкB alpha
(IκBα), p38 mitogen-activated protein kinase (MAPK) and AKT in hippocampal neurons
were measured.
Results: Comparing with WT mice, the neurons of TNF-α KO mice showed more
susceptibility to KA-induced neurotoxicity, as demonstrated by higher production of
LDH and lower neuronal survival rates, as well as elevated NO production. It is also
evidenced that pre-blocked TNF-α molecule in the neuron cultures of WT mice with antiTNF-α antibody significantly enhanced the production of LDH and NO, and decreased the
neuronal survival rate. In contrast, the neurons from WT mice pre-exposed to recombinant
TNF-α were more resistant to KA induced neurotoxicity. TNF-α deficiency down-regulated
phospho-IκBα, NFкB, total AKT and phospho-AKT, as well as up-regulated phospho-p38
MAPK expressions after KA insult. The reverse results were achieved in WT hippocampal
neurons with TNF-α pre-administration.
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Conclusion: Our findings demonstrated an association between the protective effect of
TNF-α on neurons as assessed following KA insult, with the up-regulation of NFκB and
AKT, as well as down-regulation of p38 MAPK signaling molecules..
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injury6 and neurodegenerative disorders, such as Alzheimer disease
(AD).7 In contrast to its detrimental role, it is also evidenced that
TNF-α plays a protective role in global ischemia8 and in acute cerebral
contusion models.9 Therefore, it is speculated that TNF-α could play
a double role in the diseases of the CNS, which may depend on the
signal transduction pathway that is activated.

type

Glutamate is the most powerful and abundant excitatory
neurotransmitter in the CNS. Excess production of glutamate
is an important underlying cause of neuronal damage in many
neurodegenerative disorders, including AD and Parkinson’s disease
(PD). Kainic acid (KA), a non-degradable analog of glutamate,
has 30-fold more potency in neurotoxicity than glutamate.10 By
activating kainite receptors, KA elicits the increase of intracellular
Ca2+, production of reactive oxygen species (ROS) and mitochondrial
dysfunction, which result in neuronal apoptosis and necrosis.11 KA
administration also enhances the release of endogenous excitatory
amino acids that secondarily activate microglia and astrocytes,
which can secrete ROS and inflammatory molecules to worsen

system; IκBα, inhibitor of nuclear factor kappa b alpha; KA, kainic
acid; LDH, lactate dehydrogenase; MAPK, mitogen-activated protein
kinase; MTT, 3-(4,5-dimethylthiazol-2-yl)- 2,5-diphenyltetrazolium
bromide; NFκB, nuclear factor kappa b; NO, nitric oxide; ROS,
reactive oxygen species; TNF-α, tumor necrosis factor-α; WT, wild

Introduction
The inflammatory cytokines, especially tumor necrosis factor-α
(TNF-α), are mainly released by microglia and astrocytes after
central nervous system (CNS) insult1 and are intricately involved in
neuronal pathology.2 As a well documented acute-phase inflammatory
cytokine, TNF-α was first described by Carswell et al.,3 in 1975, and
its function was defined as anti-tumour activity. However, TNF-α
is highly pleiotropic and has been implicated in a multitude of
neurological pathologies and diseases including multiple sclerosis
(MS),4 cachexia-induced cerebellar degeneration,5 acute spinal cord
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the neuronal injury. Activated astrocytes and microglia as well
as neurons may also secrete chemokines to recruit microglia and
astrocytes into the inflammatory site.12 Previously, our study revealed
that KA insult results in more severe seizures, greater hippocampal
neurodegeneration and increased glial activation in TNF-α deficient
mice, suggesting that TNF-α may play a protective role in KAinduced neurotoxicity.13 Since the role of TNF-α in neurodegenerative
disorders is controversial, in the present study, we further clarified
the role of TNF-α in the excitotoxic neurodegeneration in vitro and
elucidated its possible involvement of signalling pathways in TNF-α
knockout (KO) mice and C57BL/6 wild-type (WT) mice by using
primary neuronal cell cultures. In addition, we studied the effects
of exogenous TNF-α and blocking TNF-α molecule by anti-TNF-α
antibody on KA insult of neuronal cells from WT mice.

Materials and methods
Animals
The TNF-α KO mice and WT mice at embryonic day 16 (E16)
were purchased from Taconic (Taconic, Demark) and kept at Faculty of
Medicine & Health Sciences, United Arab Emirates (UAE) University,
UAE and the animal facilities of Karolinska University Hospital,
Huddinge, Sweden. All mice were housed on a 12 hours (h) light-dark
schedule with water and food available at libitum. The present study
was performed in accordance with the published international health
guidelines and local legislation for experimental animal ethics.

Preparation and culture of primary hippocampal
neurons
Primary cultures of hippocampal neurons were isolated at E16
from mice according to the method by Fath et al.14 Briefly, the brains
were kept in sterile ice-cold phosphate-buffered saline (PBS), and
thereafter, hippocampi were carefully dissected out. The hippocampi
were moved to a tube with Neurobasal medium including 1%
L-glutamine, 2% B27 supplement (all from Invitrogen, USA). B27
was used to inhibit the proliferation of glial cells during cultivation
of the hippocampal neurons. Tissue fragments were dissociated
mechanically with a Pasteur pipette until the cell suspension was
formed. The hippocampal neuronal cells were counted and seeded
in 6-well plates coated with 50μg/ml poly-D-lysine (Sigma-Aldrich,
Stockholm, Sweden) at a density of 2x 05 cells per well. The cells were
cultured at 37°C in a 5% CO2 /95% O2 incubator. On the seventh day,
cultures were exposed to KA (Opika-1, Ocean Produce International,
Scheburne, Nova Scotia, Canada) dissolved in PBS (10mg/1.3ml).
The concentration of KA was 200µM per well. After co-culture with
KA for 24h, ice-cold lysis buffer, containing 137mM NaCl, 20mM
Tris HCl (pH 8.0), 1% NP40 10% glycerol, 1mM PMSF 10µg/ml
aprotinin, 1µg/ml leupetin, 0.5mM Sodium vanadate was used to
harvest the hippocampal neurons for subsequent experiments. The
supernatants were collected and frozen at -70°C until used.
The hippocampal neurons from WT mice were cultured as
described above and were pre-exposed to 50ng/ml, 100ng/ml and
200ng/ml recombinant mouse TNF-α (rm-TNF-α) or anti-TNF-α
monoclonal antibody (mab), respectively (Sigma-Aldrich, Stockholm,
Sweden) on the seventh day for 24h. The concentrations of rm-TNF-α
and anti-TNF-α mab, and the cultured time (24h) had the optimal
effects as assessed in several pilot experiments. The cultures were
then exposed to KA for another 24h before harvesting.

Copyright:
©2015 Zheng et al.

53

Measurement the level of lactate dehydrogenase
(LDH) and neurotoxicity
The total protein concentrations were measured by using the
bicinchoninic acid (BCA) protein assay kit (Bio-Rad, Sweden).
Standard curve was obtained by using bovine serum albumin (BSA,
Sigma, Sweden) solutions at concentrations of 6, 3, 1.5, 0.75, 0.375,
0.1875, and 0mg/ml, respectively. The concentrations of proteins
were quantified from the standard curve. LDH production was
detected in the culture supernatants 24h after KA administration by
using Cytotoxicity Detection Kit (LDH, Roche, Switzerland), and the
kit directions were followed. The results were presented as “relative
value of LDH production versus total protein”.
Twenty-four hours after KA administration , neuronal viability was
determined by the colorimetric metabolic dye 3-(4,5-Dimethylthiazol2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay as described
previously;15 1.25mg/mL MTT solution was added to each well of
a 96-well plate. After 3h of incubation, cells were lysed by adding
120μL of isopropyl-HCl solution (37% HCl/isopropyl alcohol: 1/166)
for 15min. The absorbance of each well was recorded at 595nm with
an automated ELISA reader.

Detection of NO production
After 24h incubation with KA, the supernatants were collected
and snap-frozen for detecting NO production by using the modified
Griess reagent (Sigma, Sweden). The instructions provided by the
manufacturer were followed. Standard curve was achieved by using
sodium nitrite (Sigma) solutions at concentrations of 9, 3, 1, 0.33,
0.11, 0.033, and 0µg/ml, respectively. The results were presented as
“relative value of total nitrite/nitrate versus total protein”.

Western blotting
Cultured hippocampal neurons after 24h stimulation by KA were
harvested and proteins were obtained. The protein samples were
boiled at 100°C for 10min and centrifuged at 12000rpm for 10min.
Protein concentrations were quantified by using the bicinchoninic
acid (BCA) protein assay kit (Bio-Rad, Sweden). For protein
separation, 50µg of each sample were electrophoresed on a 12%
polyacrylamide gel and transferred to nitrocellulose membranes. The
membranes were then blocked in 5% nonfat dry milk in PBS-Tween
20 for 1h at room temperature with gentle agitation. After blocking,
the membranes were incubated with appropriate primary antibody
rabbit anti-phospho-p38 mitogen-activated protein kinase (MAPK)
(0.5μg/ml) (R&D system, UK), phospho-IκBα (1:1000), rabbit antimouse NFκB (1:2000), rabbit anti-mouse AKT (1:1000), rabbit antimouse phospho-AKT (1:1000) or rabbit anti-mouse β-actin (1:1000)
(all from Cell signaling, In Vitro Sweden AB, Sweden), overnight at
4ºC. After extensive washing in PBS-Tween 20, membranes were
incubated with peroxidase-conjugated secondary antibodies for 1 h at
room temperature. Then the membranes were rinsed again. Enhanced
chemiluminescent (ECL) Western blotting detection reagents
(Bio-Rad) were used for exposure according to the manufacturer’s
instructions. Densitometric analysis was performed using the ImageJ
program (NIH, USA).

Data presentation and statistics
Each set of data was presented as mean value±standard deviation
(SD). The statistical program for social sciences (SPSS) 11.5 (SPSS,
USA) was used to analyze the data. Kruskal-Wallis test was used to
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compare values among groups followed by Mann-Whitney U test to
compare values between groups. All tests were two-tailed, and the
level of significance was set to p<0.05.

Results and discussion
TNF-α protects
excitotoxicity

neurons

against

KA-induced

To assess the effect of TNF-α on hippocampal neurons after
KA-induced neurotoxicity, the hippocampal neuronal cultures were
challenged with 200µM KA. Neuronal viability was determined
after 24h following KA exposure by MTT assay. In WT mice, KA
administration reduced neuronal cell survival to 48.6±9.2% when
compared with unexposed WT mice neurons (set to 100%). The
viability of neurons from TNF-α KO mice after KA insult was reduced
to 36.3±7.8%, which was significantly decreased as compared with
neurons from WT mice after incubation with KA (p<0.05, Figure 1A).
rm-TNF-α at the concentrations of 50ng/ml, 100ng/ml and 200ng/
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ml increased the neuronal cell survival to 56.3±15.3%, 66.3±18.3%
and 71.3±11.9%, respectively in WT mice cultures. The hippocampal
neuron survival rates in WT mice cultures were significantly increased
after KA insult with TNF-α pre-exposure at 100ng/ml and 200ng/ml
concentrations when compared with WT mice neurons exposed to KA,
but without TNF-α pre-exposure. However, a lower concentration of
TNF-α (50ng/ml) did not influence neuronal cell survival rate in the
WT mice cultures exposed to KA (p<0.05, Figure 1B).
Pre-blocked TNF-α molecule with anti-TNF-α antibody at 50ng/
ml, 100ng/ml and 200ng/ml in the neurons from WT mice reduced the
neuronal cell survival to 47.3±14.4%, 40.3±13.3% and 37.3±12.9%,
respectively. The WT mice hippocampal neuron survival rates were
significantly decreased after anti-TNF-α antibody blocking with
100ng/ml and 200ng/ml concentrations when compared with WT
mice neurons without anti-TNF-α antibody blocking prior to KA
insult. However, a lower concentration of anti-TNF-α antibody (50ng/
ml) did not influence neuronal cell survival rate in the cultures from
WT mice exposed to KA (p<0.05, Figure 1C).

Figure 1 Neuronal survival was measured in TNF-α knockout (KO) and wild-type (WT) mice 24 hours after KA insult by MTT assay.
Figure 1A After KA insult, neurons from KO mice exhibited significantly reduced cell survival compared with neurons from WT mice.
Figure 1B After KA administration, neurons from WT mice that had been pre-exposed to TNF-α at 100ng/ml and 200ng/ml, respectively, showed significantly
enhanced cell survival compared with neurons from WT mice without TNF-α pre-exposure.
Figure 1C Anti-TNF-α antibody blocking with 100ng/ml and 200ng/ml concentrations, respectively, markedly reduced cell survival as compared with WT mice
neurons without anti-TNF-α antibody blocking and following exposure to KA. Data are presented as mean values±SD. N=5 in each group.
*P< 0.05.

TNF-α decreases LDH production after KA insult in
hippocampal cultures
LDH is an indicator for loss of cell membrane integrity, and
high levels of LDH in the culture supernatants implied an increased
number of dead cells or cells with damaged plasma membranes.
Therefore, elevated LDH activity in supernatants directly correlates

to the damaged degree of neurons over time. In the present study,
LDH production was detected in hippocampal neuron supernatants of
TNF-α KO and WT mice after KA insult for 24h. Our results showed
that neurons from TNF-α KO mice displayed higher production of
LDH after KA insult, when compared with neurons from WT mice
(p<0.05); however, there was no difference between the two groups of
mice before KA exposure (Figure 2A). Pre-incubation of the neurons
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from WT mice with 100ng/ml and 200ng/ml rpm-TNF-α showed
significantly decreased LDH production compared with the neurons
without TNF-α pre-exposure (p<0.05). However, a lower TNF-α
concentration (50ng/ml) did not affect LDH production in the neurons
from WT mice exposed to KA (Figure 2B). Pre-exposure of neurons
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with anti-TNF-α antibody at 100ng/ml and 200ng/ml concentrations
increased LDH production, while a lower concentration of anti-TNF-α
antibody (50ng/ml) did not affect the LDH activity compared with the
neurons without anti-TNF-α antibody blocking (Figure 2C).

Figure 2 Lactate dehydrogenase (LDH) production in hippocampal neuron cultures from TNF-α KO and WT mice after KA insult.
Figure 2A TNF-α deficiency increased production of LDH 24 hours after KA insult.
Figure 2B LDH production was decreased with TNF-α (100ng/ml and 200ng/ml, respectively) compared to WT mice neurons without pre-exposure to TNF-α.
Figure 2C LDH level was increased in WT mice neurons pre-exposed to anti-TNF-α antibody (100ng/ml and 200ng/ml, respectively) when compared with WT
mice neurons without anti-TNF-α antibody addition. Data are presented as mean values±SD. N=5 in each group.
*P< 0.05.

Before and 24h after KA insult, the NO production was measured
in hippocampal neuronal supernatants of TNF-αKO and WT mice.
Hippocampal neurons from TNF-α KO mice had increased KAinduced NO production in supernatants (p<0.05); there was no
difference in neuronal NO production between the two groups of mice
before KA insult (Figure 3A). After pre-exposure to TNF-α in WT
mice neurons, NO production was lower compared with neurons from
WT mice without TNF-α pre-exposure (Figure 3B). Hippocampal
neurons pre-exposed to anti-TNF-α antibody (100ng/ml and 200ng/
ml) increased the expression of NO (Figure 3C).

Western blotting to examine phospho-IκBα, NFκB, AKT and
phospho-AKT expression in hippocampal neurons among all groups
of mice (WT and KO mice before and 24h after KA insult). Twentyfour hours after addition of KA to the cultures, the neurons isolated
from KO mice showed significantly lower phospho-IκBα, NFκB,
AKT and phospho-AKT expression than did neurons from WT mice
(p<0.05, (Figure 4A-4C) (Figure 5A-5C). The same results were
found after co-culture with anti-TNF-α antibody (p<0.05, Figure
4D-4F, Figure 5D-5F). In the hippocampal neurons from WT mice
pre-exposed to TNF-α, the expression of phospho-IκBα, NFκB, AKT
and phospho-AKT was higher than in neuron cultures from WT mice
without TNF-α stimulation followed by co-culture with KA (p<0.05,
(Figure 4G-4I, Figure 5G-5I).

TNF-α up-regulates phospho-inhibitor of nuclear
factor kappa B alpha (IκBα), nuclear factor kappa B
(NFκB) and AKT expression in hippocampal cultures

TNF-α
down-regulates
phospho-p38
mitogenactivated protein kinase (MAPK) expression in
hippocampal cultures

To better understand the mechanism behind the increased
neurotoxicity in TNF-α deficient mice after KA insult, we employed

We also employed Western blotting to examine phospho-p38
MAPK expression after KA administration. Phospho-p38 MAPK

TNF-α reduces nitric oxide (NO) production in
hippocampal cultures
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expression was detectable in hippocampal neurons among all groups
of mice (WT and KO mice before and 24h after KA insult). Twentyfour hours after KA insult, the neurons from KO mice exhibited
distinctly higher phospho-p38 MAPK expression than neurons
from WT mice (p<0.05, Figure 6A & 6B). Pre-blockade with antiTNF-α antibody (200ng/ml) significantly increased the production
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of phospho-p38 MAPK (p<0.05, Figure 6C & 6D). Taken together,
the results suggest that TNF-α down-regulated phospho-p38 MAPK
expression. However, no significant difference was found among
the four groups of WT mice (with and without TNF-α pre-exposure)
before and after KA insult (Figure 6E & 6F).

Figure 3 Nitric oxide (NO) production in hippocampal neurons after exposure to KA. Twenty-four hours after KA insult, NO production was measured in
hippocampal neuron culture supernatants of TNF-α KO and WT mice.
Figure 3A TNF-α deficiency increased KA-induced NO production in hippocampal neurons 24h after KA insult.
Figure 3B Pre-exposure to TNF-α at 50ng/ml, 100ng/ml and 200ng/ml, respectively, decreased NO production in WT mice hippocampal neurons after KA insult.
Figure 3C Pre-exposure to anti-TNF-α antibody (100ng/ml and 200ng/ml) increased NO production in WT mice hippocampal neurons after KA insult. Data
are presented as mean values±SD. N=5 in each group. *P<0.05.

In the present study, we found that hippocampal neurons from
TNF-α deficient mice showed more susceptibility to KA-induced
neurotoxicity, as demonstrated by significantly increased LDH and
NO production, and decreased neuronal survival in the primary
cultures. Additionally, TNF-α deficiency clearly down-regulated the
expression of phospho-IκBα, NFκB, AKT and phospho-AKT, and upregulated phospho-p38 MAPK expression in hippocampal neurons
after KA insult. In hippocampal neurons from WT mice, the blocking
of TNF-α increased LDH and NO production, and aggravated KAinduced neurotoxicity. Furthermore, blocking TNF-α with anti-TNF-α
antibody distinctly down-regulated the production of phospho-IκBα,
NFκB, AKT and phospho-AKT in hippocampal cultures, as well
as up-regulated the expression of phospho-p38 MAPK. However,
hippocampal neurons from WT mice pre-exposed to TNF-α
demonstrated decreased LDH and NO expression, and attenuated
KA-induced neurotoxicity. TNF-α stimulation distinctly up-regulated
the production of phospho-IκBα, NFκB, AKT and phospho-AKT
in hippocampcal cultures. The role of TNF-α in neurodegenerative
disorders is diverse and complex. Over-expression of TNF-α in
transgenic mice is associated with the occurrence of age-dependent
neurodegenerative changes and sporadic spontaneous seizures.16

Antagonism of TNF-α using a monoclonal antibody helped neuronal
survival.17 However, TNF-α deletion has also shown interesting effects
on neuronal maturation and arborization. Golan et al.18 found that
the dendritic arborization complexity of pyramidal neurons residing
within the CA1 and CA3 regions of the hippocampus was reduced in
the absence of TNF-α expression.18
KA can elicit selective neuronal death in the brain of rodents19,20
and seriously impacted the hippocampus, which is due to the high
density of kainate receptors (KARs) in the CA3 region.21 The
activation of KARs can induce the production of ROS and damage
the function of mitochondria in the region.22 KA stimulated the
release of LDH, an indicator for loss of cell membrane integrity,
suggesting KA induced damage to mitochondrial function.23 In this
study, hippocampal neurons from TNF-α KO mice displayed higher
expression of LDH and lower cell survival than WT mice after 24h
KA insult, which indicated that hippocampal neurons from TNF-α KO
mice are more sensitive to KA induced neurotoxicity. The blockade of
TNF-α activity in neuron cultures from WT mice increased LDH and
reduced cell survival rate, which indicated TNF-α plays a protective
role in neurons that received KA insult.
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Figure 4 Phospho-IκBα and NFκB expression in hippocampal neurons after exposure to KA was detected by Western blotting.
Figure 4A Detection of phospho-IκBα and NFκB protein in TNF-α KO and WT mice before and 24 hours after KA insult.
Figure 4B & C Phospho-IκBα and NFκB expression was detectable in two groups of mice. After exposure to KA,TNF-α KO mice neurons showed significantly
lower phospho-IκBα and NFκB expression than WT mice neurons. There was no difference for phospho-IκBα and NFκB expression between neuron cultures
from the two groups of mice before KA administration.
Figure 4D Phospho-IκBα and NFκB expression in the hippocampal neurons of WT mice with different concentrations of anti-TNF-α antibody.
Figure 4E & F Twenty-four hours after KA insult, phospho-IκBα and NFκB expression was detectable in four groups of mice. After KA administration, the
neurons from WT mice with anti-TNF-α antibody blocking at 100ng/ml and 200ng/ml, respectively, showed significantly lower phospho-IκBα expression than
WT mice neurons without anti-TNF-α antibody blocking.
Figure 4G phospho-IκBα and NFκB expression was detectable in four groups of mice.
Figure 4H & I After KA insult, the neurons of WT mice with TNF-α at the concentration of 100ng/ml and 50ng/ml, respectively, showed significantly higher
phospho-IκBα and NFκB expression than those without TNF-α pre-stimulation. Data are presented as mean values±SD. N=5 in each group.
*P<0.05.

NO has been involved in many physiological and pathological
processes within the CNS and can be formed enzymatically from
L-arginine by inducible NO synthase (iNOS) in neuroglia.24 KA
administration increases the generation of ROS and reactive nitrogen
species (RNS) by neuroglia. There is growing evidence that free
radical generation plays a key role in the neuronal damage.25 Elevated
production of NO by increased activity of iNOS is thought to
participate in KA-induced neurotoxicity.26 The iNOS-deficient mice
were resistant to KA-induced neuronal death. Similarly, pre-exposure
to an iNOS inhibitor significantly suppressed KA-induced neuronal
death in the hippocampal CA3 area.27 In our study, we observed that
KA is capable of increasing the production of NO in hippocampal
neurons from KO mice or from WT mice with blocking TNF-α

activity. However, TNF-α stimulation significantly reduced the
production of NO in WT mice neurons after KA insult.
TNF-α exerts its biological functions through binding its two
receptors, TNF receptor (TNFR) 1 (p55) and TNFR2 (p75).28 Our
previous study demonstrated that TNFR1 may mediate a protective
signaling in KA-induced neurotoxicity.29 A differential role of TNFR1
and TNFR2 has been reported, in that hippocampal neurons responding
to TNF-α by activation of TNFR1 alone induced both NFκB activation
and cell death, whereas activation of TNFR2 was found to stimulate
p38 MAPK expression.30 The signaling pathway of p38 MAPK can
regulate gene expression and lead to increased production of proinflammatory cytokines by a number of different mechanisms.31
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P38 MAPK activity has also been associated with the induction of
apoptosis in numerous cell types and in response to a multitude of
cellular stresses.32 Our present results reported that TNF-α deficiency
or blocking TNF-α activity with anti-TNF-α antibody enhanced the
expression of p38 MAPK after KA insult. However, pre-exposure to
different concentrations of rm-TNF-α did not influence the expression
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of p38 MAPK after KA exposure. It is speculated that p38 MAPK is
not sensitive to exogenous TNF-α administration. We concluded that
KA-induced neurotoxicity in hippocampal cultures may partly be due
to the activation of p38 MAPK signaling pathway, but this pathway
may not be the predominant signaling pathway in this condition.

Figure 5 AKT and phospho-AKT expression in hippocampal neurons after exposure to KA was measured by Western blotting.
Figure 5A AKT and phosphor-AKT expression from hippocampal neurons of WT mice and KO mice.
Figure 5B & C After 24 hours of KA exposure, TNF-α KO mice showed significantly lower AKT and phospho-AKT expression than WT mice. There was no
difference between the neuron cultures from the two groups of mice before KA insult.
Figure 5D AKT and phospho-AKT were detected in hippocampal neurons of WT mice with different concentrations of anti-TNF-α antibody.
Figure 5E & F Twenty-four hours after exposure to KA, the neurons from WT mice that were pre-exposed to anti-TNF-α antibody at 200ng/ml showed
significantly lower AKT expression than the neurons from WT mice without anti-TNF-α antibody blocking.After KA insult, the neurons of WT mice pre-exposed
to anti-TNF-α antibody with 200ng/ml showed significantly lower phospho-AKT expression than WT mice neurons without anti-TNF-α antibody pre-exposure.
Figure 5G The level of AKT and phosphor-AKT protein in neurons from WT mice with TNF-α pre-exposure. Figure 5H Twenty-four hours after addition of
KA to neuron cultures, the neurons of WT mice pre-exposed to TNF-α at 200ng/ml showed significantly higher AKT expression than neurons from WT mice
without pre-exposure to TNF-α.
Figure 5I After KA insult, neuron cultures from WT mice that were pre-exposed to TNF-α at 200ng/ml, 100ng/ml and 50ng/ml, respectively, showed significantly
higher phospho-AKT expression than neuron cultures from WT mice without pre-exposure to TNF-α. Data are presented as mean values±SD. N=5 in each
group.
*P<0.05.
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NFκB is a heterodimeric transcription factor that regulates cell
differentiation, proliferation and survival.33 NFκB activation may
play a major role in TNF-α promoting neuro protection against
glutamate-induced neurotoxicity in cortical neurons.34 In the present
study, TNF-α deficiency and blocking TNF-α significantly decreased
expression of NFκB, while TNF-α administration increased NFκB
expression in hippocampal neurons, indicating that TNF-α may play a
neuro protective role via activation of NFκB pathway. However, this
finding is contrary to our previous study in vivo that TNF-α may play
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a protective role in KA-induced neurotoxicity via down-regulation
of NFκB signaling pathway.13 Regarding the opposite results, we
delineated several potential possibilities. Firstly, the two studies were
carried out in different conditions, one in vivo and another in vitro.
Secondly, it may be due to the different sample timing for detecting
the expression of NFκB. Thirdly, in our previous study, the expression
of NFκB was as a common result from the activated glial cells and
neurons. But the present study is focusing on the function of neurons
only, i.e. the expression of NFκB was from neurons, not glial cells.

Figure 6 Phospho-p38 MAPK expression in hippocampal neurons was detected by Western blotting.
Figure 6A Detection of phospho-p38 MAPK protein in WT and KO mice.
Figure 6B After 24 hour exposure to KA, neurons from TNF-α KO mice showed significantly higher phospho-p38 MAPK expression than neurons from WT
mice. No difference was found between neuron cultures from KO and WT mice before KA insult.
Figure 6C Phospho-p38 MAPK protein expression in neurons from WT mice with anti-TNF-α antibody blocking.
Figure 6D Pre-exposure of neurons from WT mice to anti-TNF-α antibody at 200ng/ml significantly increased phospho-p38 MAPK expression.
Figure 6E Detection of phospho-p38 MAPK in hippocampal neurons of WT mice with TNF-α pre-incubation and KA stimulation.
Figure 6F No difference was found in neurons from WT mice with and without TNF-α pre-exposure before and after KA insult. Data are presented as mean
values±SD. N=5 in each group.
*P<0.05.
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Protein kinase B (PKB)/AKT pathway is an essential pathway for
cell survival, since AKT is necessary for neuronal survival and plays a
key role in up-regulation of anti-apoptotic proteins.35 AMPA receptors
stimulation by glutamate can activate AKT-dependent pathway, and
this activation can regulate cell survival.36 An established cell line
showed that PKB/AKT may serve as an IKK kinase in response
to TNF-α administration.34 IκBα is the prime target after AKT
phosphorylation in the heterotrimeric IκB kinase complex, resulting
in IκBβ activation and subsequent IκBα phosphorylation.37 In the
study, after KA administration, the neuron cultures of KO mice and
WT mice with anti-TNF-α antibody blocking showed significantly
lower phospho-IκBα, AKT and phospho-AKT expression than WT
mice cultures without anti-TNF-α antibody blocking; also, TNF-α
stimulation increased phospho-IκBα and phospho-AKT production as
compared to WT mice without TNF-α pre-exposure. We document
that AKT pathway may also play the protective role in KA-induced
neurotoxicity. However, in our study, after KA administration, there
is no significant difference regarding total AKT expression among the
neurons from WT mice exposed to rm-TNF-α with 50 and 100ng/
ml and WT mice without rm-TNF-α stimulation. This implies that
phospho-AKT is more sensitive than total AKT to TNF-stimulation.
These results demonstrated that the AKT signaling pathway may play
an important role in TNF-α-induced protection from KA-induced
neurotoxicity.

Conclusion
In conclusion, TNF-α deficiency and blocking TNF-α activity
enhanced KA-induced neurotoxicity, as demonstrated by elevated
production of LDH and NO, and reduced cell survival. Simultaneously,
the opposite result was observed following application of TNF-α.
Thus, TNF-α may play a protective role in KA-induced neurotoxicity
via up-regulation of NFкB and AKT and down-regulation of p38
MAPK signaling pathways.
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