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·Minireview·

Roles of NF- B in central nervous system damage and repair
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Abstract: NF- B family is a kind of nuclear factors in B lymphocyte that can bind to the immunoglobulin -chain enhancer
and enhance transcriptional activity. NF- B/Rel proteins, as a dimeric transcription factor, control the expression of genes
that regulate a broad range of biological processes through canonical and non-canonical pathways. In the central nervous
system, NF- B controls inflammatory reactions and the apoptotic cell death following nerve injury. It also contributes to
the infarction and cell death in stroke models and patients. However, NF- B is essential for neurosurvival as well. NF- B
activation is a part of recovery process that may protect neurons against oxidative-stresses or brain ischemia-induced
apoptosis and neurodegeneration. Inhibition of NF- B may reduce its neuroprotection activity. Hence the dual opposite
effects of NF- B on cells. The ultimate survival or death of neurons depends on which, where and when the NF- B factors
are activated.
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1     Introduction

Nuclear factor-kappa B (NF- B) plays a pivotal role,
especially in nervous system, in controlling inflammation,
immune responses, cellular differentiation, and apoptosis.
NF- B/Rel proteins, as a dimeric transcription factor, con-
trol the expression of the genes that regulate a broad range
of biological processes through canonical and non-canoni-
cal NF- B pathways[1]. It is also related to learning and
memory formation. Mice lacking the NF- B p50 subunit
were not proficient in learning tasks associated with the ac-
tive avoidance training, an effective learning paradigm[2].
Recent genetic models identified a role for NF- B in pro-
tecting neurons against various neurotoxins. The genetic
evidence for its involvement in cognition and memory is
also emerging now[3]. In neurodegenerative diseases, cran-
iocerebral injuries, or oxidative stress, a serial of sig-
nals from damaged neurons and glial cells could activate
NF- B. In the model of aging or neuronal apoptosis, NF- B

plays a complicated role in brain repair by controlling cell
differentiation, apoptosis, and etc. Emerging evidence sup-
ports a key role for NF- B as a mediator in transcription-
dependent enduring structral and functional changes in
neuronal circuits[4].

Regarding to the contribution of NF- B to cell death
or survival, controversial results have been reported by
many investigators. This article will give an overview of
the roles of NF- B in neuronal injury and repair in central
nervous system (CNS).

2     NF- B and its signaling pathways

Sen and B
altimore first described NF- B as a transcription factor

in 1986. NF- B family is a kind of nuclear factors in B lym-
phocyte that can bind to the immunoglobulin -chain en-
hancer to enhance the transcriptional activity, and thus
named as nuclear factor B or -gene nuclear factor. NF- B
is widely expressed in all cells including nerve cells, and
they can regulate the generation of codocyte factors, growth
factors, cell adhesion molecules and some acute protein
factors in either healthy or morbid state. NF- B is a
homodimer or heterodimer complex composed of Rel family
proteins p50, p65 (Rel A), c-Rel, p52, and RelB. The most
common NF- B complex is P65/P50 heterodimer, which is
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composed of a 65-kDa subunit and a 50-kDa subunit[5].
A number of factors such as cytokine, oxygen free

radicals, inspiratory particles, radiation, bacterial toxins and
virus could activate NF- B. In many in vivo models of brain
injuries such as cerebral trauma, ischemic, and epileptic
attacks induced by kainite, NF- B is robustly activated[6].
Usually, NF- B resides in the endochylema of G0 stage
cells, and exists as an inactive form bound by an inhibitory
protein known as I B. Under appropriate stimuli, NF- B/
Rel complex was released from the I B complex due to phospho-
rylation and ubiquination-dependent degradation of I B.
NF- B/Rel dimmer transports into the nucleus when it is
freed from I B complex, and combines with cognateDNA
sequences to stimulate target genes’ expression. This cas-
cade represents the canonical pathway of NF- B activation.
In the non-canonical pathway, the inactive NF- B p100/
RelB complexes are held in the cytoplasm. Signals which
are mediated by a number of receptors including leukotriene
beta (LT- ) receptors, CD40 receptors and B cell-activating
factors belonging to the tumor necrosis factor family (BAFF)
receptors (BR3) activate NF- B-inducing kinase (NIK), which
in turn activates I K  to phosphorylate NF- B p100. Phos-
phorylation of the NF- B p100 results in its ubiquitination
and proteasomal processing to generate NF- B p52. NF- B
p52/RelB complex translocates to the nucleus and induces
target gene expression. This signaling cascade is charac-
terized by the involvement of NIK and I K , as well as by
the processing of p100 and nuclear translocation of RelB
but without NF- B essential modifier (I K- /NEMO)[7].

A redox mechanism regulates the DNA binding activ-
ity of NF- B. Agents that modify free sulfhydryls such as
N-ethylmaleimide anddiamide inhibit NF- B’s DNA bind-
ing activity. On the contrary, reductants such as dithio-
threitol (DTT) enhance its DNA binding activity[6].

3     NF- B in CNS injury

3.1  In ischemic brain injury NF- B binding activity is
enhanced in the injured brain area when stroke occurs or
blood-supply of the local brain is blocked in the rodents.
Researches showed that activation of NF- B in the brain
may contribute to the infarction and cell death in both
pMCAO models and stroke patients[8,9]. Other studies,
however, showed protective effcts of NF- B on neurons.
For example, a significant increase of NF- B binding activ-
ity was observed exclusively in the decussatio pyramidum
(DP) as early as 3 h after is chemia in the hippocampus of

gerbil, when other morphological signs of post-ischemic
tissue injury had not yet been detected. Following this early
enhancement of NF- B binding activity, microglia activa-
tion was visualized in the CA1 pyramidal region at 24 h of
recovery, by histochemical staining with lectin from Rici-
nus communis (RCA-120). While, only a moderate increase
of glial fibrillary acidic protein (GFAP) was observed in all
regions of the hippocampus. This coherent pattern of glial
cellular proliferation preserved until 3-4 d post-ischemia,
when apoptotic DNA fragmentation in CA1 pyramidal neu-
rons had distinctly been detected by terminal deoxynucleotidyl
transferase biotin-dUTP nick end labeling (TUNEL)
staining. During this period, NF- B binding in the DP also
manifested continuous elevation in the abdominal part
(AbP) of the hippocampus[10]. Researches showed that the
proteins involved in NF- B signal transduction expressed
within 1 week after middle cerebral artery occlusion (MCAO)
and trimethyltin (TMT) treatment in the hippocampus. En-
hancement of p50 level in neurons and their processes was
independent of blood brain barrier compromising. Hippoc-
ampal neurons expressing p50 were not stained with Fluoro-
Jade until 7 d post-TMT treatment, indicating that NF- B
expressed in the survival neurons. Moreover, the persis-
tent p50 expression during the period of hippocampal
neurodegeneration after MCAO suggested that NF- B
could protect neurons from ischemic injury[11,12].

Experimentally and clinically, stroke is followed by both
acute and chronic inflammatory responses characterized
by production of inflammatory cytokines and infiltration of
leukocytes into the brain. NF- B controls inflammatory re-
actions by regulating the expression of inflammatory genes.
However, NF- B signaling pathway is also involved in regu-
lating the expression of genes implicated in cellular prolif-
eration and apoptosis, including the cellular inhibitors of
apoptosis (c-IAP1, c-IAP2, and IXAP). The activation of
NF- B reduces the apoptosis in injured cells and ischemic
neurons by raising the expression of anti-apoptotic cellular
proteins. Thus, drugs or therapies ‘targeting’ the NF- B
pathway for stroke must reach the equilibrium between sup-
pression of inflammatory responses and interference with
neuroprotective pathways[5].

Phosphorylation of I B , the key form of I B in the
brain, can be enhanced at 1 d after MCAO and TMT treat-
ment and remain elevated for at least one week, suggesting
that IKK activity increases. Therefore, NF- B appears to
play an active role in neuron survival. Signals that activate
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NF- B transcription may cause the phosphorylation and
subsequent proteolysis of the inhibitory I B subunit. Af-
ter being activated, the released NF- B dimers migrate into
the nucleus and interact with the specific DNA sequences
of target genes[11].
3.2  In traumatic brain injury (TBI)  NF- B could be acti-
vated in the pallium neurons several hours after brain in-
jury in rodents. For instance, in a rat model of cerebral cor-
tex contusion, NF- B binding activity in damaged brain
increased as early as 3 h, reached to its peak at 72 h, and
remained elevated at 7 d post-TBI[13]. The results of human
cerebral trauma sample manifested that NF- B binding ac-
tivity significantly increased at 12 h; The intensity of im-
munohistochemical staining of NF- B p65 increased
gradually, and persisted for at least 20 d[14]. Another re-
search showed that the cells with NF- B p50 augment sur-
vived hippocampal injury[13]. Regular expressions of NF-

B p50, NF- B p65 and tumor necrosis factor alpha (TNF-
) were observed in the mouse brain in each period after

experimental thermal ablation injury. The existence of TNF- ,
NF- B p50, and NF- B p65 contributes to the post-injury
immunoreaction, which is closely associated with the oc-
currence of secondary insults and the tissue-remodeling
process in wound healing. Inappropriate and deregulated
activation of NF- B in damaged brain tissue may be impli-
cated in development of the secondary brain damage[15].
Tamatani et al. prove that TNF protects hippocampal neu-
rons by inducing the expression of Bcl-2 and Bcl-x through
NF- B. These surveys strengthen the view that NF- B can
inhibit apoptosis by inducing the expression of anti-
apoptotic genes[6].
3.3  In induced brain injury  A number of factors such as
cytokine, drug, oxygen free radicals, ultraviolet radiation,
oxygenize and metabolic product, and some bacterial and
viral products, can induce neuron death or apoptosis.
Glutaredoxin 2 (Grx2) of  Escherichia coli or glutaredoxin
of human could catalyze glutathione-disulfide oxidoreduction
via its -Cys-Pro-Tyr-Cys- active site. NF- B activity is ex-
tremely important for the survival of cerebellar granule
neurons. Grx2 enters cerebellar granule neurons, and exerts
itsactivity via NF- B activation. The DNA binding activity
of NF- B is also essentialfor neurosurvival. Overexpression
of I B- N in granule neurons significantly reduces their
viability. E. coli and human glutaredoxins protect cerebel-
lar granule neurons from kainic-acid-induced death by in-
creasing the DNA binding activity of NF- B throughRef-1.

Abrogation of NF- B, either by deletion of Rel A (p65) or
by overexpression of I B- N, sensitizes immune cells to
the apoptosis in response to TNF and DNA damaging
agents[6]. These researches demonstrate the anti-apoptotic
role of NF- B, which is beneficial to neuronal recovery from
injury.

Glutamate may activate a serial of transcription factors
by increasing intracellular calcium concentration and/or
oxygen free radical production. In turn, these transcription
factors amplify the signal by recruiting other genes to dic-
tate specific transcriptional programs, and induce apoptosis.
Pretreatment of cultures with aspirin, which inhibits NF- B
activation, or with specific p53 antisense oligonucleotide,
which inhibits p53 transcription, completely prevents
glutamate-induced p53 induction and apoptosis[16]. The
glutamate-induced cell death in primary cerebrocortical
cultures of mixed neuron and glia could be reduced by
creatine, possibly via activation of the Ras/NF- B system[17].
The neuroprotective effect of stem cell factors (SCFs)
against glutamate excitotoxicity also could be blocked by
pharmacological inhibition of NF- B or dominant negative
I B (I B- N). SCF up-regulates the anti-apoptotic genes,
such as Bcl-2 and Bcl-xL, in an NF- B-dependent manner[18].
Marini AM et al. found a candidate NF- B site in the pro-
moter 3 of brain derived neurotrophy factor (BDNF) gene
and showed that N-methyl-D-aspartate (NMDA) inotropic
glutamate receptors increased BDNF expression through
NF- B-dependent mechanisms, which was essential for
NMDA’s neuroprotection in vitro[19]. TGF- 1 can in-
duce translocation of p65/NF- B into the nucleus and en-
hance the transcriptional activity of NF- B in the presence
of apoptotic stimuli[20]. Keel et al. discovered that thiopen-
tal inhibited NF- B in Jurkat cells via inhibition of the
calmodulin-calcineurin pathway, and the NF- B inhibitor
gliotoxin could accelerate the spontaneous apoptosis and
the proapoptotic effect of thiopental in Jurkat cells[18].

Some researchers consider that NF- B controls the
transcriptional activity of genes encoding the survival
proteins. Besides, in lots of immune cells, active NF- B has
been shown to play a central role in regulating the expres-
sion of inflammatory cytokine genes. These cytokines, in
turn, could inhibit apoptotic process possibly through ac-
tivating NF- B in a positive-feedback loop[21].

4     NF- B in neurodegeneration

4.1  In nervous system aging   Aging of nervous system is
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a physiological event characterized by chronic and ir-
reversible loss of neurons. Though this process has been
known for decades, the potential mechanisms of different
cell phenotype vulnerabilities, the age-related extracellu-
lar signals triggering cell death, and the intracellular path-
ways responsible for translating these signals into cell
death programs, still require extensive investigation. The
threshold separating the physiological and the pathologi-
cal neuron death is always undetectable. Absent promi-
nent signs of inflammatory response, neuron death dur-
ing aging is believed to be associated, at least in part, with
apoptosis[16].

Aged nervous system reveals impaired cognitive
functions. These impairments are aggravated in several
neurodegenerative diseases. As an oxidative stressor,
hyperoxia triggers signaling cascades via changing pro-
moter activity by transcription factors. Rassin D et al. sug-
gested that chronic stress, in contrast to acute stress such
as hyperoxia, may have different effects on NF- B basal
activity levels. Simultaneously, the response to hyperoxia
in aged basal forebrain is diminished[22]. Model for aging in
the basal forebrain cholinergic system showed that the
cognitive deficits associated with aging was owed to the
neuron loss and the cholinergic function decrease of spared
neurons[23]. The activation of NF- B in the basal forebrain
primary culture treated with hydrogen peroxide or TNF-  is
predominantly restricted to cranial basal forebrain nerves
(CBFNs), and NF- B activation appears mainly affecting
the p65 translocation into the nucleus, but not the p50
subunit.
4.2  In oxidative stress and neurodegenerative disease
Oxidative stress which is implicated in several
neurodegenerative diseases has impact on neurons and
glial cells. NF- B activation is a part of recovery process
posterier to acute oxidative stress[24]. Activation of NF- B
may protect hippocampal neurons against oxidative-stress-
induced apoptosis[6]. Meanwhile, NF- B is an oxygen-sen-
sitive transcription factor and contributes to altered signal-
ing events induced by hypoxia[25]. Preconditioning-evoked
neuroprotection is mediated by reactive oxygen species
(ROS) and NF- B[26]. Glutamate-induced apoptosis mainly
depends on reactive oxygen to activate series of transcrip-
tion factors. A prolonged exposure to glutamate (24 h) can
produce a depletion of intracellular glutathione that, in
astroglial cells, is a typical biochemical change of early as-
trocyte dysfunction, resulting in cell alterations in the gliosis.

These effects are initiated by the activation of -Amino-3-
hydroxy-5-methyl-4-isoxazoleproprionic acid / hydro-
bromide/kainic acid (AMPA/KA) receptor and nearly
completely blocked by anti-oxidants. A research confirmed
that glutathione-SH (GSH) content determined the oxida-
tive response to glutamate injury in primary astrocyte cul-
tures and NF- B pathway was involved in this response[27].
By inducing manganese superoxide dismutase (Mn-SOD)
production and suppressing peroxynitrite formation and
membrane lipid peroxidation, NF- B plays an anti-apoptotic
role in neurodegenerative conditions involving oxidative
stress[28].

Recent findings indicate that NF- B plays significant
roles in disorders such as stroke, epilepsy, and Alzheimer’s,
Parkinson’s and Huntington’s diseases[29]. Immuno-
histochemical analysis of brain sections from Alzheimer’s
disease patients demonstrated that NF- B was activated in
most insulted areas of the brain[6]. Meanwhile, peroxynitrite
and NF- B are considered playing an anti-apoptotic role in
the pathogenesis of neuronal degeneration in Alzheimer’s
disease[26]. In Parkinson’s disease patients, the number of
neurons with NF- B-stained nucleiwas 70-fold higher than
that in control group, revealing that the translocation of
NF- B to the nucleus is related to the pathophysiology of
the disease[6]. Mutations in the parkin gene are a major
cause of autosomal recessive Parkinson’s disease. Henn
IH et al. indicated that the E3 ubiquitin ligase parkin acti-
vated signaling through the I K/NF- B pathway and that
activation of this signaling cascade was causally linked to
the neuroprotective potential of parkin. Inhibition of NF-

B activation by an I B super-repressor or a kinase-inac-
tive I K  decreased the neuroprotective activity of parkin.
Meanwhile, the ability of pathogenic parkin mutants to
stimulate NF- B-dependent transcription was reduced.
Besides, parkin also interacted with and promoted degra-
dation-independent ubiquitylation of NEMO/I K-  and
TNF receptor-associated factor 2 (TRAF2), the two critical
components of  NF- B pathway[30]. Nevertheless, it is still
unclear whether activation of the c-Rel-dependent path-
way reduces the neuronal vulnerability to amyloid-beta (A /
Ab), a peptide involved in the pathogenesis of Alzheimer’s
disease. Some researchers discovered that c-Rel, a NF- B
factor, mediates the neuroprotective effect of metabotropic
glutamate receptors type 5 (mGlu5) against A  toxicity[31].
NF- B activation has shown to mediate excitotoxin-induced
apoptosis in rat striatum and to encourage the neurotoxic-
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ity of A . Furthermore, nerve growth factor (NGF) demon-
strates to inhibit apoptosis by activating NF- B with the
subsequent inhibition of caspase-8 and an increase of Bcl-
2 protein. Inhibition of NF- B-induced gene transcription
lead to the NGF-resistant apoptosis in PC12 cells and po-
tentiate the apoptotic damage mediated by A  peptide in
neurons[32].

5     Summary

At present, there are considerable researches about
NF- B and about the expression of NF- B following the
brain injury or under some pathologic conditions. However,
the effects of NF- B on the pathways of cell death or sur-
vival remain controversial. It is true that persistent NF- B
activation is essential for maintaining the growth and in-
tegrity of neurons[12,34]. Researches on brain ischemic mod-
els indicate that NF- B can protect injured neurons from
apoptosis in a distinct degree and thus NF- B displays
direct or indirect repair effects on nervous tissues. However,
some other studies suggest that NF- B does harm to nerve
cells. For example, the infarct size diminished in p50 knock-
out mice after transient ischemia, indicating that NF- B may
induce ischemic cells’ death[9,33].

Researches focused on roles of NF- B in TBI are very
few. There is no solid evidence yet to elucidate the differ-
ential roles of NF- B in the core and peripheral regions of
the injured site, or to distinguish the cells doomed to death
or survival by NF- B.

Reports also indicate that selective activation of dif-
ferent NF- B dimers might have different regulatory effects
on neuronal responses to acute or chronic insults to the
CNS. Data displayed that augment of p65 may get a promo-
tive while angment of p50 may get a depressant effect[24].
By the coordination of p65 subunit and p50 subunit, NF-

B can regulate transcriptions of various genes, including
inflammatory genes, apoptosis genes, anti-apoptosis genes
Bcl-2 and Bcl-xL, and etc. Opposite effects of NF- B on
neuron survival or death depend on activations of distinct
NF- B factors. P65 is essential for glutamate-induced cell
death, while c-Rel mediates pro-survival effects of
interleukin-1 beta (IL-1 ).

Under bio-pathological conditions, the promotion or
inhibition of cell death pathway depends on where and
when NF- B is activated. As an important controlling gene
responsible for cell survival or death in the nerve system,
NF- B is a promising therapeutic target for nerve injury.

Moreover, the research related to NF- B has certain in-
structive significance for clinical diagnosis and treatment.
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