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Roles of TRAF6 in Central Nervous System
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Abstract: Tumor necrosis factor receptor-associated factor (TRAF) is an important binding protein
of tumor necrosis factor (TNF) superfamily and the toll/IL-1 receptor (TIR) superfamily, which
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play an important role in innate immunity and acquired immunity. TRAFs family have 7 members
(TRAF1-7), and TRAF6 has its special facture and biological function. TRAF6 has two special
domains: C-terminal domain and N-terminal domain, which could integrate with multiple kinases
and regulate signaling pathway function as an E3 ubiquitin ligase. Studies have increasingly found
that TRAF6 is closely related to central nervous system diseases, such as stroke, Traumatic brain
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diseases.

mechanism may be expected to become the new targets for the treatment of central nervous system
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1. THE DISCOVERY AND STRUCTURAL FEATURES
OF TUMOR NECROSIS FACTOR RECEPTOR-
ASSOCIATED FACTOR 6 (TRAF6)

TRAFs family is a kind of multifunctional intracellular
adaptin, which is originally discovered by its direct integra-
tion with different tumor necrosis factors in human and ro-
dent cells [1], and it exists in a variety of biological cells. 7
members in TRAFs family of mammals are found, and they
are named TRAF1-7 by the sequence of their discovery, but
there is a dispute that whether TRAF7 belongs to TRAFs
family because it lacks the homeodomain of TRAF family.
TRAF protein structure is characterized by its C-terminal
TRAF domain, which includes N-terminal coiled region and
C-terminal B sandwich structure [2], and this structure can
regulate the interaction with different proteins, including the
oligomerization of TRAF and the interaction between the
upstream regulatory molecular and the downstream effector
molecular. Therefore, an important function of TRAF pro-
tein is to connect the upstream receptors and the downstream
enzymes as kinds of adaptin in the agglomeration process of
receptor-associated signal complexes. In addition, TRAF
protein contains 1-7 zinc finger motifs and N-terminal ring
finger domain except for TRAFI1, which participate in the
activation of Nuclear Factor-kappa B (NF-kB) and Jun N-
terminal Kinase (JNK), but in bone metabolism, the zinc
finger motifs mediate the monocyte/macrophages differentiate
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to osteoclast, and the ring finger domain is correlated to the
maturity and activation of osteoclast and process of bone
resorption. Besides, TRAF4 locates in the nucleus, all TRAF
proteins of mammals are located in the cytoplasm. Contain-
ing the core structure of catalytic domain of E3 ubiquitin
ligase, the ring finger structure exists in a large number of
ubiquitin ligases. Smaller structural differences determine
the specificity of the integration between different TRAF and
different receptors. TRAF6 has the smallest homology than
typical TRAF protein structure and biggest different TRAF-
C domain than other TRAFs [3]. There is mounting evidence
that TRAF6 can regulate signaling pathways as E3 ubiquitin
ligase [2], apart from acting as adaptin. TRAF®6 is first found
by Ishida [4], and TRAF6 could mediate the expression of
interleukin-1 (IL-1) signal [5]. TRAF6 is composed of 530
amino acids, and its relative molecular mass is about 60000.
Compared with the domain of typical TRAF protein, TRAF6
has the smallest homology and the biggest difference of C-
terminal domain [6]. TRAF6 has been widely distributed as
it is abundant in brain, lung, liver, skeletal muscle and kid-
ney, and could be found in heart, spleen, and testis.

2. THE ROLE OF TRAF6 IN SIGNAL TRANS-
DUCTION AND ITS PHYSIOLOGICAL FUNCTION

As a kind of important multifunctional signal molecule in
cells, TRAF6 can integrate with ubiquitin through the
thioester bond in catalytic reaction and pass the ubiquitin to
the relative substrate, thus participating in a series of signal
transduction. It has been found that TRAF6 plays an impor-
tant role in the immune and inflammatory reaction. We have
known that TRAFG6 is an important adaptin in TRAFs family,
it could be activated rapidly and gather together to intracellu-
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lar areas, then carry out its physiological function mainly
through Toll Like Receptor 4 (TLR4) signaling pathway. In
this process, TRAF6 plays its role by acting as an intersec-
tion of activating NF-kB signaling pathway and Mitogen-
Activated Protein Kinase (MAPK) signaling pathway, and it
mediates two main signaling pathways: MyD88-dependent
pathway and MyD88-independent pathway [7]. Through
MyD88-dependent pathway, TLR4 transduces the extracellu-
lar stimuli into intracellular signals through integrating with
extracellular inflammatory factors, and the intracellular TIR
area of TLR4 can combine with C-terminal of MyDS88,
meanwhile, the N-terminal death domain of MyD8&88 unites
with the N-terminal death domain of IL-1 Receptor Associ-
ated Kinase (IRAK), activating IRAK phosphorylation and
integrating with TRAF6 and its receptors and transforming
growth factor kinase-1(TAK1)-TABI1-TAB2 complex, which
contributes to the formation of IRAK-TRAF6-TAK1-TABI-
TAB2 complex and causes a series of cascade reaction that
results in the degradation of IkB-a and the activation of
MAPKSs (ERK,P38 and JNK). In this process, transcription
factors NF-kB and AP-1 are activated ultimately that leads to
a great number of pathophysiologic process, including cell
apoptosis, inflammatory response and proliferation [8]. In
MyD88-independent pathway, through recruiting interleukin
receptors (TIRs) and the domain of B-interferons (TRIFs),
TRAF6 can activate NF-kB and IRFs to mediate the produc-
tion of inflammatory mediator and interferon, thus participat-
ing in the inflammatory response. Using RAW264.7 macro-
phage system, Jakus PB [9] found that the expression level
of TRAFG increased dramatically in an experiment that LPS
induced the generation of inflammatory response, and if the
expression of TRAF6 was inhibited, the activity of MAPK
(JNK, P38, et al.) decreased accordingly and the inflamma-
tory response relieved obviously. In addition, TRAF6 can
mediate the production of intracellular reactive oxygen spe-
cies (ROS) [10]. The research of West AP [11] has shown
that TRAF6 could translocate to mitochondria in the signal
transduction of toll-like receptor signaling pathway, and the
existence of TRAF6 could increase the generation of ROS
that exists in the mitochondria of macrophage, on the con-
trary, the ability of macrophage that lacks TRAF6 to gener-
ate ROS would reduce significantly. Moreover, researches
show that the formation of TRAF6-ASKI1 complex and
TRAF2-ASKI1 complex plays an important role in cell death
that mediated by oxidative stress [12], and TLR4/MyD88/
TRAF6/c-Src/NADPH oxidase pathway could regulate the
generation of ROS [13]. Besides, studies have demonstrated
that mammalian target of rapamyein (mTOR) can inhibit
autophagy signaling pathway [14]. As a kind of atypia ser-
ine/threonine protein kinase and a member of phosphatidyli-
nositol 3 kinase (PI3K) protein kinase family, mammalian
target of rapamycin (mTOR) can interact with the extracellu-
lar signals coming from nutrition, energy and growth factors,
thus participating in the physiological process of cell growth
and proliferation. mMTOR1 and mTOR2 complexes are the
two main types of mTOR. Further research found that
mTOR could inhibit autophagy through regulating TRAF6
and autophagy-related gene AMBRA1 [15]. In normal or-
ganisms, TRAF6 can promote ULK1 ubiquitin and lead to
the degradation of the protein, but when the body encounters
the stressful situation, such as stroke, brain trauma, the ex-
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pression of TRAF6 will increase notably and mediate the
ULKI1 phosphorylation, thus inhibiting autophagy and caus-
ing tissue damage. Researchers also showed that TRAF6 can
play its role in regulating autophagy acting as the upstream
regulatory factors of mTOR, and the lack of TRAF6 could
promote the development of autophagy [16].

3. TRAF6 IN CENTRAL NERVOUS SYSTEM (CNS)
3.1. TRAF6 and Stroke

Stroke is a kind of acute cerebrovascular disease charac-
terized by the focal lack of neurological function, including
ischemic stroke and hemorrhagic stroke. Ischemic stroke, the
majority of stroke, is a kind of cerebral infarction, caused by
cerebral circulation insufficiency that owing to cerebral
thrombosis, cerebral vasospasm, or other cautions, which is
the leading cause of disability and the second leading cause
of death in China [17, 18]. A large number of clinical studies
and animal experiments have shown that ischemic cerebral
injury and ischemia-reperfusion injury are complex
physiopathologic process, involving energy metabolism ab-
normality, the toxic effects of excitatory amino acids, in-
flammatory reaction, oxidative stress, the generation of free
radical, brain edema, neuron apoptosis/die, and with the pro-
gress of the disease, the brain tissues can show reconstitu-
tion, including neuron regeneration, neovascularization and
gliocyte proliferation [19-21]. There is a growing body evi-
dence that inflammatory response plays an important role in
ischemic cerebral injury [22]. Some studies show that the
development of inflammatory response could be observed
within only a few hours after ischemic cerebral injury, which
involves the accumulating process of multiple leukocyte
(neutrophils, monocytes, et al.) [23, 24]. Previous studies
have demonstrated that TLR signaling pathway is the most
important pathway in the peripheral blood of stroke patients
[25], and it could be activated by various matters, such as the
production of protein degradation, damaged DNA, fibrino-
gen, and heat shock protein after ischemic cerebral injury.
Subsequently, a great number of proinflammatory cytokine
that mainly comes from the activated innate immunity, gen-
erates and promotes the development of inflammatory re-
sponse. One recent study has confirmed that not TLR2 or
TLR3, it is TLR4 that mediates the TLR signaling pathway
and increases in the peripheral blood of ischemic stroke pa-
tients [26]. TRAF6 could activate the NF-kB and AP-1 to
participate in inflammatory response through the MyD88-
dependent pathway and MyD88-independent pathway as
well. By using middle cerebral artery occlusion model, re-
searchers have found that the expression level TRAF6 in-
creased significantly and brain edema is obvious, however,
after application of TRAF6 inhibitor, cerebral infarction area
decreased, the degree of brain edema relieved, immunohisto-
chemistry and western blot showed that the expression of
TRAF6 decreased obviously as well [27]. Likewise, some
clinical trials, selecting the same number of ischemic stroke
group and the control group have shown that TRAF6 plays
the most important role in cerebral ischemia by acting as the
downstream molecular after the activation of TLR4 signaling
pathway in the peripheral blood of ischemic stroke patients,
and it may have an important effect on the prognosis of
ischemic cerebral injury [28]. In addition, the expression of
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TRAF6 has also a close relationship to Ischemia-reperfusion
injury. There is clear evidence confirming that apoptosis is
the leading cause of cell death after ischemia-reperfusion
[29], and TRAF6 is the only one member of TRAF family
that takes part in the signal transduction of the TNF receptor
superfamily and the interleukin-1 receptor (IL-1R)/toll-like
receptor (TLR) superfamily [30, 31], which participates in
regulating cell death, survival and stress response of cells in
different signaling pathway. The lack of TRAF6 could cause
the defection of signals, the inactivation of NF-kB and the
decrease of cytokines production [32]. Furthermore, a great
number of studies have shown that TRAF6 participates in all
kinds of apoptosis and the occurrence of a variety of biologi-
cal effects through activating IxB kinase complex and mito-
gen-activated protein kinases [33]. By establishing the mid-
dle cerebral artery occlusion-reperfusion model, researchers
could examine the mRNA expression of TRAF6 with the
help of RT-PCR, and compared with the sham groups, the
mRNA expression level of TRAF6 increased rapidly at the
beginning of cerebral ischemia, reached the peak at 1 hour
after ischemia, subsequently, it maintained the level after
reperfusion, and declined gradually at 12-24 hours after
reperfusion. Further, analyze the relationship between
TRAF6 and caspase-3, the expression condition of TRAF6
agreed with previous experiments [34]. It is worth mention-
ing that although the stroke includes ischemic stroke and
hemorrhagic stroke, the studies about TRAF6 mainly focus
on the aspect of ischemic cerebral injury at present, and the
research on the relationship between TRAF6 and cerebral
hemorrhage or subarachnoid hemorrhage has been reported
rarely at home or abroad. There is a little research finding
that TRAF6 takes part in the process of hemorrhagic stroke
through its E3 ubiquitin ligase activity, TRAF6 can inhibit
autophagy and promote oxidative stress, thus aggravating
brain injury, but if the E3 ubiquitin ligase activity is inhib-
ited by related drugs, such as zinc finger protein A20 or
TRAF6 mutant that lacks E3 ubiquitin ligase activity, the
condition of brain injury will be ameliorated [35, 36]. We
need further studies to make clear that the role of TRAF6 in
related signaling pathway is neuroprotection or nerve injury,
which could provide a new target for the clinical prevention
and treatment of stroke.

3.2. TRAF6 and Traumatic Brain Injury

Traumatic brain injury (TBI) is a kind of neurological
injury with high morbidity and mortality, which may touch
off a series of cellular and molecular events. Typical features
of TBI include neurons apoptosis, inflammatory response,
the activation of microglia and the proliferation of reactive
astrocytes following few hours to few days after the appear-
ance of injury [37-39], and all of these changes mentioned
above would further cause dysfunction of histiocytes, thus
damaging cognition, emotion and behavior function [40].
According to the degree of injury, TBI could be classified to
be mild, moderate and severe, however, no matter how se-
vere the injury is, the most common performance of TBI is
cell death [41]. Although the distribution and function of
TRAF6 in CNS have not been fully understood, a large
number of studies have confirmed that TRAF6 is necessary
for the development of CNS and apoptosis. Depending on its
characterized C-terminal TRAF domain and N-terminal ring
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finger domain, TRAF6 can directly integrate with the death
domain of caspase-8, thus activating and regulating apopto-
sis. Some western blot analysis showed that the expression
level of TRAF6 increased after 7 days of brain trauma and
then declined gradually. Further study also found that, com-
pared with contralateral brain tissues, TRAF6 manifested
accumulation by using immunohistochemistry and im-
munofluorescence technology [42]. In addition, there are
studies showing that the cell death caused by traumatic brain
injury is connected to the activation of Akt [43, 44]. We
have known that the important step of the activation of Akt
is that it must translocate to cytomembrane from cytoplasm,
then it can be phosphorylated and activated through interact-
ing with the growth factors existing on the cell surface [45].
In this progress, with the help of E3 ubiquitin ligase activity,
TRAF6 could make Akt ubiquitination and translocate to the
position of phosphorylation, thus indirectly regulating apop-
tosis. Once TRAFG6 has started lacking, the whole progress
will be damaged [46]. Here, it is necessary to say that the
realization of TRAF6 ubiquitination depends on the role of
K63-associated ubiquitination, but not K48-associated ubiq-
uitination, so the stability of Akt will not be affected [46].
Furthermore, it has been known that NF-kB signaling path-
way plays an important role in CNS, involving apoptosis,
inflammatory response, traumatic brain injury, viral infec-
tion, cell proliferation and tumorigenesis, and TRAF6 acti-
vates NF-kB and JNK, thus playing its role in the physiopa-
thological mechanism of CNS diseases [42].

3.3. TRAF6 and Neurodegenerative Diseases

Neurodegenerative disease is a kind of morbid state
caused by the loss of related neurons and/or myelin sheath,
as time goes on, the disease will deteriorate and cause dys-
function of tissues and organs. This disease can be divided
into two classes: acute and chronic neurodegenerative dis-
eases, and the former includes cerebral ischemia, brain in-
jury, epilepsy, the latter includes Alzheimer’s disease, Park-
inson’ disease, Huntington’ disease, amyotrophic lateral
sclerosis and different types of spinocerebellar ataxias. Here,
we mainly introduce Alzheimer’s disease (AD), Parkinson’
disease (PD) and Multiple Sclerosis (MS). Alzheimer’s dis-
ease is the most common type of neurodegenerative diseases
and the main cause of dementia. There is no agreement about
its pathogenesis, which involves the theory of cholinergic,
the theory of PB-amyloid cascade, the theory of oxidative
stress and other multiple fronts [47]. There are mounting
evidence that autophagy plays an important role in AD,
which may be inhibited in the course of disease [48-50], and
Beclin-1 plays a significant role in the process of autophagy
by acting as adaptin as well [51]. Researchers have revealed
that in the process of AD, TLR4 is activated firstly, then
interacts with Beclin-1, and further activates TRAF6 through
MyD88 and TRIF, which could make Beclin-1 ubiquitina-
tion and inhibit oligomerization and autophagy, thus result-
ing in nerve injury [52, 53]. In addition, there is also evi-
dence showing that TRAF6 can mediate the inflammatory
response through TLR4/TRAF6/IKK/NF-kB signaling path-
way [54]. Moreover, in Alzheimer’s disease, a large number
of activated astrocytes and microglia can be found aroundf-
amyloid plaques, which induce the production of inflamma-
tory cytokines such as IL-1B and TNF-0, and TRAF6 is in-
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dispensable in this process [55]. Parkinson’ disease is a kind
of progressive neurodegenerative disease characterized by
the selective loss of dopaminergic neurons in the nigrostri-
atal pathway and the occurrence of eosinophilic inclusions
called Lewy bodies in the remaining neuronal cytoplasm.
Although most of the PD patients are sporadic, the gene mu-
tation of PARK7/DJ-1 is connected to autosomal recessive
early-onset PD, while the missense mutation of aSYN
(PARK1, PARK4) is associated with autosomal dominant
inheritance of PD. We have known that the expression level
of TRAF6 has been detected in nigral dopaminergic neurons
[56], and further studies revealed that TRAF6 has closed
links with DJ-1 and aSYN, all of which can be used as the
substrate of E3 ubiquitin ligase activity of TRAF6. On the
one hand, TRAF6 can promote the polyubiquitinated muta-
tional DJ-1 enter into the cytoplasmic gather, on the other
hand, in the post-mortem brain tissues of PD patients, re-
searchers found that TRAF6 and aSYN co-exist in Lewy
bodies [56, 57], these results show that TRAF6 may have
something to do with Parkinson’ disease, but the concrete
mechanism is still not clear, which needs further in-depth
study. MS is a progressive, inflammatory and demyelinating
disease of CNS, at present, the etiology MS is still unknown,
but research has found that immune cells, especially mono-
cytes and T cells, play an important role in the development
of MS [58-60]. However, the report about TRAF6 and MS is
little, research has only found that, in MS, TRAF6 interacts
with CD40, ultimately monocytes recruitment and macro-
phage activation, and this result may be a potential direction
for the therapy of MS [61].

3.4. TRAF6 and Neuropathic Pain

Neuropathic pain is caused by the primary or secondary
damage or dysfunction of peripheral of CNS, which is al-
ways a problem besetting medical profession [62]. At pre-
sent, the pathogenesis of neuropathic pain is not clear, but in
recent years, there are mounting studies showing that glial
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cells, including astrocytes and microglia in the CNS, play an
important role in the occurrence and development of neuro-
pathic pain [63-65]. As neuropathic pain occurs, the activa-
tion of glial cells causes the expression of TLR4 receptor
[66, 67], further activates the cellular kinases, such as
MAPKSs [68-70], and upregulates the expression of inflam-
matory mediators, for instance, TNF-a and IL-1B [71, 72].
Subsequently, TRAF6 is activated, which could latterly acti-
vate the JNK in the glial cells and mediated the production
of chemokine CCL2 [73, 74], and TNF-q, IL-1B and CCL2
have been proven to relieve the neuropathic pain [75-77]. In
addition, after spinal nerve ligation(SNL), the expression
level of TRAF6 increases significantly, while the expression
of TRAF6 is inhibited, the neuropathic pain caused by SNL
can be alleviated effectively [73]. Further experiments show
that TRAF6 can be found in both astrocytes and microglia at
3 days following neuropathic pain, and mainly exists in as-
trocytes at 10 days [73]. All these results reveal that TRAF6
may play an important role in the pathogenesis of neuro-
pathic pain, but the specific mechanism still needs to be elu-
cidated clearly.

3.5. TRAF6 and CNS Tumors

CNS tumors, especially malignant tumors, are always
threatening to human health, despite efforts being made to
improve therapeutic strategies constantly, the average sur-
vival of malignant tumors patients have only been slightly
improved, and people are still trying to search the approach
to improve the prognosis of patients. In this respect, little has
been reported about the relationship between TRFA6 and
CNS tumors. miR-146b-5p, a kind of miRNA, can inhibit
glioma cells proliferation and induce apoptosis, and TRFA6
is a direct functional target of miR-146b-5p in gliomas, si-
lencing of TRAF6 can achieve anti-tumor effects [78]. In
addition, some researchers report that, based on its E3 ubiq-
uitin ligase activity, TRAF6 mediates the stimulation of
AKT, thus promotes tumorigenesis through EGFR/AKT

Fig. (1). The relationship between TRAF6 and some central nervous system diseases.
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Table 1. The main developmental history of TRAF6.
Time Incident Refs.
1996 The discovery of TRAF6, and it is the only one member of TRAF family that takes part in the (Ishida et al., 1996)
signal transduction of TNFR and IL-1R/ TLR superfamily (Cao et al., 1996)
2000 TRAF6 is found relevant to AD (Akama and Van Eldik, 2000)
2003 TRAF®6 is required for optimal DC maturation and activation (Kobayashi et al., 2003)
2004 TRAF®6 plays an essential role in NGF-dependent signaling pathway in Schwann cells (Yeiser et al., 2004)
2010 the expression level of TRAF6 has been detected in nigral dopaminergic neurons (Zucchelli et al., 2010)
2011 TRAF6 was first described in Traumatic brain injury (Chenetal.,2011)
2012 The expression of TRAF6 increases after ischemic stroke (Liu et al., 2012)
2012 TRAF®6 is associated with Ischemia-reperfusion injury,and peaked at 1h after ischemic (Yuan et al., 2013)
2013 The characteristic of TRAF6,E3 ubiquitin ligase,is highly related to ischemic stroke (Wuetal.,2013)
2013 TRAF6 promotes Akt activation in the process of TBI (Farook et al., 2013)
2013 TRAF6 mediated autophagy in AD (Salminen et al., 2013)
2014 TRAF6 mediated inflammatory response in AD (Olajide et al., 2014)
2014 TRAF6 may aggravate neuropathic pain through JNK/CCL2 pathway (Luetal., 2014)
2015 MicroRNA-146a-5p releaves neuropathic pain by inhibiting TRAF6 (Lu et al., 2015)

pathway [79]. These findings suggest that TRAF6 can be a INK
potential therapeutic target for CNS tumors, though the study
about it is not deep. MAPK
MS
CONCLUSION
mTOR

Schematic of the involvement of TRAF6 in nervous sys-
tem diseases was shown in Fig. (1), and the progress in NF-xB
TRAF6 research was shown in Table 1. In summary, as the PD
important and multifunctional intracellular adaptin, TRAF6
plays an important role in CNS diseases, such as stroke, PI3K
traumatic brain injury, neurodegenerative diseases, neuro- ROS
pathic pain and CNS tumors, and the effective regulation of
TRAF6 may contribute to the prevention and treatment of SNL
the CNS diseases, but it must be realized that TRAF6 is an
. . . . . TBI
important multifunctional signal molecule in cells, the re-
search about the role of TRAF6 in various signaling path- TIR
ways and the interaction of TRAF6 with other signaling
molecule is not enough, the understanding and clinical appli- TLR4
cation of TRAFG6 are especially scanty. We have known that TNF
TRAF6 has characteristic E3 ubiquitin ligase activity, it may
become a breakthrough point for the research of TRAF6, TRAF

and contribute to the intensive study of TRAF6 with related
diseases.
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