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Abstract Astrocyte activation has been implicated in the
pathogenesis of many neurological diseases. These reactive
astrocytes are capable of producing a variety of proinflam-
matory mediators and potentially neurotoxic compounds,
such as nitric oxide (NO), tumor necrosis factor-o« (TNF-a),
interleukin-6 (IL-6) and interleukin-1f (IL-1f). In this
study, we examined the suppressive effects of Tetrandrine
(TET) on astrocyte activation induced by lipopolysaccha-
ride (LPS) in vitro. We found that TET decreased the release
of NO, TNF-q, IL-6 and IL-1f in LPS-activated astrocytes.
Also mRNA expression levels of inducible nitric oxide
synthase (iNOS), macrophage inflammatory protein-1o
(MIP-1a) and vascular cell adhesion molecule-1 (VCAM-1)
were inhibited in TET pretreated astrocytes. Such suppres-
sive effects might be resulted from the inhibition of nuclear
factor kappa B (NF-kB) activation through downregulating
IxB kinases (IKKs) phosphoration, which decreased inhib-
itor of nuclear factor-xB-a (IkBoa) phosphoration and
degradation. Our results suggest that TET acted to regulate
astrocyte activation through inhibiting IKKs-IxBo-NF-xB
signaling pathway.
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Introduction

Astrocytes have a fundamental role in regulating brain
homeostasis and development, providing metabolic and tro-
phic support for neurons, and promoting repair processes [1].
Astrocytes also play an important role in the pathophysiology
of neurodegenerative diseases [2—4]. Brain lesions observed
in Alzheimer’s disease (AD), ischemic damage, autoimmune
responses, infections (e.g., human immunodeficiency virus),
and tumors are rapidly bordered by hypertrophic astrocytes.
These reactive astrocytes can produce nitric oxide (NO) and
other proinflammatory mediators, which amplify the
inflammatory response [5]. Although NO has been reported
to protect against neuronal cells death, it is likely that higher
concentrations of NO, mainly generated by inducible nitric
oxide synthase (iNOS), and exert detrimental effects on
neuronal cells [6]. Astrocytes also synthesize cytokines
including interleukin-1f (IL-1f), interleukin-6 (IL-6), and
tumor necrosis factor-o (TNF-z), which contribute to the
development of neurodegeneration through amplifying brain
inflammation and neuronal injury [7]. The secretion of
macrophage inflammatory protein-1o. (MIP-1o) and vascular
cell adhesion molecule-1 (VCAM-1) by activated astrocytes
are also found important for the entry of T cells into the CNS
parenchyma and for the manifestation of neurological disease
[1, 8].

Tetrandrine (TET) is a bis-benzylisoquinoline alkaloid
isolated from the roots of Han-Fang-Ji (Stephania Tetrandra S
Moore). It is traditionally used in China for treating patients
with arthritis, silicosis, hypertension, and inflammation; anti-
tumor properties of TET have been demonstrated [9]. In
addition, in vitro studies have shown that TET inhibits cel-
lular proliferation and cytokine production in activated
monocytes and T cells through suppressing inhibitor of
nuclear factor-kB-o (IkBa) kinases or PKC activities [10-13].
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Also, we found that TET suppresses microglial activation
through inhibiting NF-xB pathway [14].

Based on the known anti-inflammatory activities of
TET, we hypothesized that TET may suppress the activa-
tion of astrocytes. As described previously [15, 16], we
employed LPS as an experimental tool in vitro to stimulate
astrocyte activation. We found that TET pretreatment
inhibited NO release, IL-1p, IL-6 and TNF-o production as
well as MIP-1« and VCAM-1 expression by astrocytes.
These effects of TET may be attributed to its inhibitory
effect on the IxB kinases (IKKs)-IxBa-nuclear factor
kappa B (NF-xB) pathway during astrocyte activation.

Materials and methods
Reagents

Tetrandrine (purity > 98%) was purchased from Huike
Botanical Development (Shanxi, China). The chemical
structure of TET is illustrated in Fig. 1. LPS from Esche-
richia coli (serotype 026: B6) was purchased from Sigma (St
Louis, MO, USA). The enzyme-linked immunosorbent
assay (ELISA) kits specific for rat TNF-o, IL-6 and IL-1§
were purchased from R&D Systems (Minneapolis, MN,
USA). Primers for real-time PCR and nucleotide oligomers
were synthesized by Invitrogen (Carlsbad, CA, USA).
Mouse monoclonal antibody for phospho-IkBa (Ser32/36)
(5A5) and rabbit polyclonal antibodies (for IKKa, TKKS,
phospho-IKKa/f (Ser176/180), IxBa (44D4) ) were pur-
chased from Cell Signaling Technology (Beverly, MA,
USA). Rabbit polyclonal antibodies for -actin (20-33) and
HRP-conjugated goat anti-rabbit antibody were purchased
from Sigma. HRP-linked antibody (H&L) anti-mouse 1gG
was purchased from Cell Signaling Technology.

Astrocytes culture and TET pretreatment

Primary astrocytes culture was prepared as described previ-
ously [17]. Briefly, brains were isolated from Spraque-
Dawley rat (Shanghai SLAC Laboratory Animal, Shanghai,
China) at postnatal d 1-3. After the meninges were carefully
removed, the brains were minced mechanically. Dissociated

Fig. 1 Chemical structure of TET
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cells were resuspended in Dulbecco’s modified Eagle’s
medium (DMEM) supplemented with 10% fetal bovine
serum (FBS) and seeded in 75 cm? flasks at a density of
1 x 10° cells/ml. The cells were cultured in an incubator
under 5% CO, at 37°C, and the medium was changed every
3 d. After 7-9 d, microglia growing on the surface of adherent
astrocytes were removed by shaking for 4.5 h at 180 rpm. The
adherent astrocytes were tripsionized by 0.25% Tripsion-
EDTA, then collected and transferred to a six-well plate at a
density of 2 x 10°cells in 2 ml culture medium per well. The
purity was 95-98% for astrocytes as defined by anti-glial
fibrillary acid protein (GFAP) antibody (Sigma). In all the
experiments, cells were pretreated with TET (15 or 30 uM)
for 2 h before the addition of LPS (1 pg/ml). Control samples
were pretreated with the culture medium only.

The study was conducted in accordance with the
National Institute of Health Guide for the Care and Use of
Laboratory Animals.

Measurement of nitrite

NO was determined by measuring the end product nitrite,
using a method based on the Griess reaction. Briefly, ali-
quots of culture supernatant (100 pl) were mixed with
100 pl of Griess reagent at room temperature for 10 min.
Absorbance was measured at 540 nm in an automated
microplate reader. The concentration of nitrite was deter-
mined by reference to a standard curve of sodium nitrite.
Culture medium was used as the blank.

Analysis of cytokines

TNF-o, IL-6 and IL-1f were determined with the help of
ELISA kits (R&D) according to the manufacture’s
instructions.

Isolation of total RNA and RT-PCR

Total RNA was isolated from cell pellets using RNeasy mini
kit (Qiagen, Hilden, Germany). Genomic DNA was removed
from total RNA prior to cDNA synthesis by DNase digestion
using the RNase-free DNase Set (Qiagen). RNA was stored
at —80°C. First-strand cDNA synthesis was performed for
each RNA sample using Sensiscript RT Kit (Qiagen). Ran-
dom hexamers were used to prime cDNA synthesis.

Real-time PCR

Gene expression levels of iNOS, VCAM-1, and MIP-1ua
mRNA were performed by real-time PCR using SYBR Green
master mix (Applied Biosystems, Foster City, CA, USA).
Thermocycler conditions comprised an initial holding at 50°C
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for 2 min, then 95°C for 10 min. Reaction mixtures were
cycled 40 times at 95°C for 15 s and 60°C for 60 s. Data were
collected and quantitatively analyzed on an ABI Prism 7900
sequence detection system (Applied Biosystems, USA). The
f-actin gene was used as an endogenous control to normalize
differences in the amount of total RNA in each sample. All
quantities were expressed in the number of folds relative to the
expression of f-actin.

p-actin: sense 5-TTCAACACCCCAGCCATGT-3;
anti-sense 5'-GTGGTACGACCAGAGGCATACA-3'
iNOS: sense 5'-CGGTTCACAGTCTTGGTGAAAG-3/;
anti-sense 5'-ACGCGGGAAGCCATGAC-3’

VCAM-1: sense 5'-TGTGAAGATGGTCGCGATCTT-3;
anti-sense 5'-CAATCTGAGCGAGCGTTTTGT-3’
MIP-1a: sense 5-GACGGCAAATTCCACGAAAA-3;
anti-sense 5'-AGATCTGCCGGTTTCTCTTGG-3’

Electrophoresis mobility shift assay (EMSA)

After treatment with LPS (1 pg/ml) with or without TET
(30 uM) for 24 h, astrocytes were collected. Buffer A
(10 mM Hepes, pH7.9, 1.5 mM MgCl,, 10 mM KCIl, I mM
phenylmethylsulfonyl fluoride [PMSF] and 1 mM dithio-
threitol [DTT]) was then added to the cells and incubated at
4°C for 15 min, and 1.06 pl of Nonidet P-40 (10%) was
added. After centrifugation, the supernatant was removed,
and a high-salt solution (20 mM Hepes, pH 7.9, 25% glyc-
erol, 420 mM NaCl, 1.5 mM MgCl,, 0.2 mM EDTA, 1 mM
PMSF, and 1 mM DTT) was added to the pellet. The
resuspended pellet was incubated for 60 min at 4°C, and
then the supernatant was collected and used for the experi-
ment. Protein concentrations were determined using a
protein assay (Bio-Rad, Hercules, CA, USA). Synthetic
double-stranded oligonucleotides for the consensus NF-xB
binding sequence, 5'-AGTTGAGGGGACTTTCCCAGGC-
3" were labeled with [y-**P] dATP using T4 polynucleotide
kinase (Promega, Madison, WI, USA). The nuclear extract
from cultured cells was incubated with the labeled probe in
Gel Shift Binding Buffer (Promega) at 4°C for 30 min.
DNA-protein complexes were resolved by electrophoresis in
4% polyacrylamide gels with 0.5 x Tris-borate buffer at
4°C and visualized by phorsphorimaging.

Immunobloting

After treatment with LPS (1 pg/ml) with or without TET
(30 uM) for 3 h, astrocytes were collected. Then cells were
lysed in RIPA buffer (150 mM NaCl, 10 mM Tris—HCI (pH
8.0), 1% Nonidet P-40, 0.5% deoxycholic acid, 0.1% SDS,
5 mM EDTA) containing 0.7% PMSF, 0.2% aprotinin, and
0.2% leupeptin and sodium metavanadate. Protein 40 pg
aliquots for detection were mixed with an equal amount of

2 x SDS sample buffer, boiled at 100°C for 5 minutes,
centrifuged, and separated by 10% SDS-PAGE. The gels were
then transferred onto polyvinylidene fluoride membranes
(PVDF) (Millipore, MA, USA). Membranes were blocked
with 5% nonfat milk in 10 mM Tris—HCI containing 150 mM
NaCl and 0.5% Tween-20 (TBST) and then washed three
times with TBST. Primary antibodies for IKKa, IKKf,
phospho-IKKo/f (Ser176/180), plxBa (Ser32/36) (5AS5) and
IkBo (44D4) were added at proper dilution in TBST con-
taining 5% BSA overnight at 4°C. Membranes were washed
with TBST, HRP-conjugated goat anti-rabbit IgG (Sigma) at a
dilution of 1/5,000 and HRP-linked antibody (H&L) anti-
mouse IgG (Cell Signaling Technology) at a dilution of
1/2,000 were added in TBST containing 5% BSA for 1 h at
room temperature. For control of equal protein loading,
membranes were incubated overnight with primary antibody
to f-actin (Sigma) (1/1,000 in TBST containing 5% BSA),
again washed extensively with TBST, and incubated for 1 h
with blocking solution containing HRP-conjugated rabbit-
anti-mouse I1gG (1/5,000 in TBST containing 5% BSA). All
the bands were visualized by ECL reagent. The intensities of
plxBe, IkBa, pIKKo/f, IKKa and IKKf bands were quanti-
fied by Biorad-Image for Windows Program (Biorad GS-800
Calibrated Densitometer).

Statistical analysis

All data are presented as mean = SD. Statistical compar-
isons between two different treatments were analyzed
using the Student’s #-test. Differences among more than
two groups were tested by one-way ANOVA. The level of
significance was set to o = 0.05. All tests were two tailed.

Results

TET inhibited NO release and iNOS mRNA expression
in LPS-activated astrocytes

When rat primary astrocytes were stimulated with LPS
in vitro, a strong induction of NO production was observed.
The production of NO was determined by the measurement of
nitrite, a stable product of NO, which reflects accumulated NO
in the medium (Fig. 2a). We can see that cultured astrocytes
without LPS stimulation produced minimal NO in the
supernatant. However, in response to LPS exposure (1 pg/ml)
for 24 h, astrocytes released significantly higher levels of NO:
from 6.273 £ 0.5047 uM to 58.27 £ 3.033 uM (p < 0.05).
In addition pretreatment of astrocytes with TET significantly
reduced the elevation of NO release in a dose-dependent
manner. Nitrite concentration was reduced to 43.62 £ 1.514
(TET 15 pM) and 18.64 £ 1.767 (TET 30 uM) respectively.
The cytotoxicity of TET was determined by lactate
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Fig. 2 Effect of TET on LPS-induced NO release and iNOS mRNA
expression in astrocytes. Primary astrocytes were incubated with TET
(15 and 30 pM) for 2 h. Thereafter, astrocytes were challenged with
LPS (1 pg/ml). (a) After incubation for 24 h, the culture media were
collected for nitrite determination using Griess reagent. (b) After

dehydrogenase (LDH) assay. There was no significant dif-
ference in LDH release between TET-treated and non-treated
astrocytes (data not shown). Therefore, the following
observed anti-inflammation effects of TET were not due to its
cytotoxicity on astrocytes.

Nitric oxide synthase (NOS), the enzyme responsible for
synthesis of NO, exists in three isoforms: endothelial NOS
(eNOS), neuronal NOS (nNOS), and iNOS. In endotoxin-
stimulated immune cells, iNOS is responsible for NO
production. Therefore, we investigated whether TET sup-
pressed iNOS expression in astrocytes activated by LPS.
As shown in Fig. 2b, TET down-regulated iNOS mRNA
expression in LPS-activated astrocytes in a dose-dependent
manner. We also examined the amount of nNOS and eNOS
mRNA expression with real-time PCR, but found them
undetectable in astrocytes (data not shown). These results
suggest that TET regulated NO production in LPS-acti-
vated astrocytes via an iNOS-dependent pathway.

TET reduced TNF-«, IL-6 and IL-1p release
from LPS-activated astrocytes

In many of the CNS diseases including AD, multiple
sclerosis (MS), Parkinson’s disease (PD) and brain injury/
trauma, astrocytes are responsible for the production of
inflammatory cytokines [18]. In order to investigate the
effects of TET on cytokine production of astrocytes, they
were pretreated with TET (30 uM) for 2 h, followed by
treatment with 1 pg/ml of LPS for 24 h. Supernatants were
then taken for cytokine measurement. As shown in Fig. 3,
TNF-o, IL-6 and IL-1p levels were increased following the
incubation with LPS. While TET pretreatment significantly
inhibited the generation of these cytokines by astrocytes.
Therefore, TET effectively suppressed the production of
proinflammatory cytokines by activated astrocytes.
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incubation for 6 h, total RNA was obtained and relative iNOS mRNA
expression was measured by real-time PCR. Data are presented as
mean £ SD. The experiments were repeated 5 times and the similar
pattern of inhibition was observed. * p < 0.05, ** p < 0.01

TET inhibited MIP-1oc and VCAM-1 mRNA expression
in LPS-activated astrocytes

As a potent source of not only cytokines, but also chemokines
and adhesion molecules, astrocytes play a pivotal role in CNS
inflammation and injury [18]. Therefore, we checked the
expression of MIP-1o and VCAM-1 by astrocytes. As shown
in Fig. 4, the expression levels of MIP-1a and VCAM-1
mRNA were potently induced after LPS stimulation, while
TET significantly suppressed their expression by astrocytes.

TET inhibited LPS-induced activation of NF-xB
through preventing IxkBo degradation
and phosphorylation

NF-xB pathway is initially involved in LPS-induced
astrocyte activation. NF-xB regulates the expression of
many proinflammatory mediators, including cytokines,
chemokines and adhesion molecules [19]. Therefore, we
used the EMSA assay to examine whether NF-xB activity
in astrocytes were affected by TET. As shown in Fig. Sa,
nuclear NF-xB binding activity was markedly increased in
astrocytes stimulated with LPS. However, TET (30 puM)
pretreatment dramatically inhibited LPS-induced NF-xB
activation. Since degradation of IxB proteins is an essential
step for NF-xB activation, we further examined the effect
of TET on the LPS induced IxBoa degradation (Fig. 5b).
We found that TET successfully prevented IxkBo degrada-
tion in LPS activated astrocytes. In addition, determination
of IxBoa phosphorylation by Western blotting using a
phosphospecific IxBoa antibody revealed the significant
inhibitory effect on the LPS-induced IxkBa phosphorylation
in the presence of TET (Fig. 5c). These results indicated
that TET prevented LPS-induced IxBo degradation through
inhibiting IxkBa phosphorylation, thereby interfering with
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Fig. 3 Effect of TET on LPS-
induced release of TNF-a, IL-6
and IL-1f by astrocytes.
Primary astrocytes were
pretreated with TET (30 uM)
for 2 h followed by addition of
LPS (1 pg/ml) for 24 h. Culture
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Fig. 4 Effect of TET on LPS-induced MIP-1oc and VCAM-1 mRNA
expression in astrocytes. Primary astrocytes were pretreated with TET
(30 uM) for 2 h, LPS (1 pg/ml) was added. And 6 h later, total RNA
was isolated. The mRNA expression of MIP-1« (a) and VCAM-1 (b)

one of the common steps in the signaling cascade leading
to NF-xB activation.

TET inhibited IxB kinases

IxBo is phosphorylated by the IKK complex containing cat-
alytic subunits (IKKa and f8) and the IKKy or NF-xB essential
modulator regulatory subunits at sites that trigger its ubiquitin
dependent degradation [20]. Hence, we asked whether IKKa/
f could be the target for TET action. According to the results
of Fig. 6, we found that TET could effectively inhibit IKKs
phosphorylation. These observations suggested that TET
inhibition prevented NF-xB DNA binding as well as its
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was quantified by real-time PCR. Triplicate reactions were performed
on each sample. Data are presented as mean £ SD. Results were
representative of three independent experiments. * p < 0.05;
** p < 0.01

transcriptional activity by inhibiting phosphorylation of
IKKoa/f activities, which indicated the possible involvement
of upstream kinases in the activation of IKKs.

Discussion

In the present study, we are the first to demonstrate that
TET-suppressed LPS-induced astrocyte activation via
inhibiting NO generation, cytokines (TNF-o, IL-6 and IL-
1) secretion, as well as iNOS, MIP-1oo and VCAM-1
expression. TET conferred its effects by impairing
IKKs activation, consequently attenuating NF-xB binding
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Fig. 5 Effect of TET on LPS-induced NF-xB activity and the
degradation and phosphorylation of IxkBa in astrocytes. Primary
astrocytes were pretreated with TET (30 uM) for 2 h, LPS (1 pg/ml)
was added. After incubation for 24 h, EMSA was performed with cell
nuclear extracts to determine NF-xB activity (a). Specific competitor
(SC) for EMSA consisted of a 100-fold excess of unlabeled NF-xB
probe. Results were representative of three independent experiments.

Fig. 6 Effect of TET on LPS-
induced IKKa and IKKf3
activities in astrocytes. Primary
astrocytes were pretreated with
TET (30 uM) for 2 h. LPS

(1 pg/ml) was added and
astrocytes were further
incubated for 3 h. Cell pellets
were collected and total cell
lysates were prepared. For
determination of total IKKo and
IKKp (a) and pIKKo/f (b)
protein levels, Western blotting
assays were performed. f-actin
levels were measured for the
confirmation of equal amount of
protein loading. Data are
presented as mean £ SD.
Densitometric values were
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While after incubation for 3 h, cell pellets were collected and total
cell lysates were prepared. For determination of IxkBa (b) and plkBo
(¢) protein levels, Western blotting assays were performed. f-actin
levels were measured for the confirmation of equal amount of protein
loading. Data are presented as mean £ SD. Densitometric values
were representative of three independent experiments. * p < 0.05;
** p <0.01
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activity, thereby leading to abrogation of LPS induced
astrocyte activation. While in many of the CNS diseases,

stimulated astrocytes are important cellular source of
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inflammatory mediators [18]. It is becoming increasingly
evident that astrocytes play important roles in the modu-
lation of brain inflammation [21, 22]. Our findings suggest
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that TET could be of therapeutic value in those diseases
and brain damage where inflammation processes are
involved.

Our data showed that TET-inhibited iNOS mRNA
expression and NO production in LPS-stimulated astrocytes.
NO is a diffusible gas that involves in many physiological
and diverse pathological conditions. At low concentration,
NO has been shown to play a role in neurotransmission and
vasodilation; while at higher concentration, it is neurotoxic.
In demyelinating conditions, astrocytes derived NO could
contribute to oligodendrocyte degeneration and neuronal
death [23]. Our present study showed that TET-inhibited
iNOS expression in LPS stimulated astrocytes. Our obser-
vation of reduced NO after TET administration suggested
that TET-suppressed astrocytes activation through abrogat-
ing iNOS expression and NO production.

Furthermore, our results suggested that TET modulated
the production of TNF-o, IL-6 and IL-1f by astrocytes,
which were secreted at a very early stage of CNS inflam-
mation. These cytokines are elevated in most neurode-
generative diseases, and there is evidence that they play
critical roles in disease pathology. For example, TNF-« is a
potent inducer of cellular adhesion molecules in astrocytes
[24]. It can also induce chemokines expression in astrocytes,
thus promoting demyelination and oligodendrocyte injury
[25-27]. IL-6 is also important for inflammatory response
and is involved in reactive gliosis [28]. In addition, TNF-«
and IL-6 production by astrocytes can lead to increased
permeability of the blood-brain barrier (BBB), which nor-
mally severely restricts the entry of leukocytes into the CNS
[29]. Also, IL-1f, a key contributor to brain inflammation,
can cause sustained activation of NF-xB in astrocytes
resulting in production of adhesion molecules and chemo-
kines [7]. Therefore, TET-exerted protective effects via
inhibiting TNF-¢, IL-6 and IL-1p production.

We found that TET-inhibited MIP-1a and VCAM-1
mRNA expression in LPS stimulated astrocytes. MIP-1« is
expressed in reactive astrocytes in a number of acute and
chronic neuroinflammation conditions, inducing chemo-
kines and cytokines production [1]. MIP-la has been
suggested to promote the recruitment of various leukocyte
subtypes [30, 31]. In addition, VCAM-1 is an adhesion
molecule that is important for the migration of leukocyte
through BBB. VCAM-1 is also involved in the formation
of destructive CNS inflammatory lesions, such as experi-
mental autoimmune encephalomyelitis (EAE) and MS [8].
In recent EAE study based on NEMOCNS’KO, van Loo et al.
suggested that VCAM-1 might be critical for T lymphocyte
persistent activation [21]. We proposed that TET-inhibited
the expression of MIP-1o and VCAM-1, which in turn
inhibited the migration of inflammatory cells into the CNS.

NF-«B plays an essential role in inflammation, cell pro-
liferation and apoptosis [5]. In resting cells, through masking

the nuclear localization signal, NF-xB transcription factors
are retained in the cytosol by inhibitory proteins, including
IxBo, IkBf5, IxBe and IkBy. After receiving a stimulatory
signal such as LPS, the IxBa inhibitory protein is phos-
phorylated at both 32 and 36 serine residues by IKKs,
resulting in ubiquitination and subsequent degradation by
proteosome. These sequential yet highly regulated signal
transduction events then cause nuclear translocation of NF-
kB transcription factors from cytosol to nucleus [12]. NF-xB
in the nucleus binds to the regulatory region in the gene
promoter, and is involved in the induction of many cyto-
kines, chemokines and adhesion molecules that mediate the
recruitment and activation of immune cells. Now the IKK/
NF-«B signaling pathway is under intensive investigation as
atherapeutic target. Multiple evidences indicate that IKK f is
primarily responsible for the activation of NF-xB in
response to proinflammatory stimuli, whereas IKKa is
essential for epidermal differentiation and B-cell maturation
[32]. Most studies have been focused on developing small
molecule inhibitors to inhibit IKK/} because of its catalytic
activities. During CNS injury and cerebral ischemia, inhi-
bition of astroglial NF-xB activity reduced inflammation
and improved functional recovery [33, 34]. TET had been
found to intervene with NF-xB activation and nuclear
translocation in vitro in several cell lines [11-13]. Our
results showed that TET inhibited the activation of NF-xB.
Further studies indicated that TET successfully prevented
IxBo phosphorylation and degradation in activated astro-
cytes. Moreover, the blockade was associated with
suppressed phosphorylation of IKKa and IKKf. These
subsequent molecular changes suggested that the inhibition
of NF-kB transcriptional activation might account partly for
the inhibition of TET. In addition, there are also reports that
TET could inhibit nuclear translocation of p65 [12]. In
addition, there were reports that mitogen-activated protein
kinases (MAPKSs) and protein kinase C (PKC) also regulate
astrocyte inflammatory responses [35-37]. Whether TET
can inhibit these alternative pathways in activated astrocytes
need further investigation.

In conclusion, our results demonstrated for the first time
that TET suppressed LPS-induced astrocyte activation and
reduced the release of inflammatory mediators, including
NO, cytokines, chemokines and adhesion molecules. Such
suppressive effects were likely carried out through inhibi-
tion of IKKs-IxkBa-NF-xB signaling pathway. Our findings
offers new therapeutic targets with the potential of regu-
lating astrocyte-mediated inflammatory diseases in the
CNS.
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