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NF-kB protects human neuroblastoma cells from nitric
oxide-induced apoptosis through upregulating biglycan
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Abstract: Excessive nitric oxide (NO) produced in inflammation may result in oxidative stress, which is closely related
to the neurodegenerative diseases and brain damage. Massive NO production can enhance NF-kB activity in various
neural cells, but the function of this activation by NO and the target genes transactivated by NF-kB are still largely
unknown. In the present study, our results showed sodium nitropruside (SNP), a NO donor, triggered apoptotic cell
death and NF-kB activation in human neuroblastoma SH-EP1 cells, and inhibition of NF-kB activation by its super
endogenous inhibitor, I-kBaM, sensitized SH-EP1 cells to NO-induced apoptosis. Conversely, NF-kB activation in-
duced by insulin-like growth factor (IGF)-1 antagonizes NO-induced apoptotic cell death in SH-EP1 cells. In addition,
cDNA microarray analysis showed biglycan, an extracellular glycoprotein, was up-regulated by NF-kB, and recombi-
nant biglycan protein conferred a protective effect on NF-kB mediated NO-induced apoptotic cell death in SH-EP1
cells. These findings suggest biglycan may serve as a potential target in preventing NO-induced neurodegenerative

diseases.
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Introduction

Nitric oxide (NO), a free radical, is a short-lived
and multifaceted molecule that is produced
from L-arginine by the members of NO synthase
(NOS) family including neuronal NOS (nNOS),
inducible NOS (iNOS), and endothelial NOS
(eNOS) [1]. In the central nervous system (CNS),
NO plays an important role in the neurotrans-
mission, synaptic plasticity, learning, and mem-
ory [2]. However, excessive NO production
during inflammation may result in oxidative
stress, which is closely related to the neurode-
generative diseases, such as Alzheimer’s dis-
ease (AD), Parkinson’s disease (PD), amyo-
trophic lateral sclerosis (ALS), multiple sclero-
sis (MS), and Huntington’s disease (HD), as well
as brain damage following ischemia and stroke
[3]. NO exerts its cytotoxic effects in diverse
cell types by inducing redox reactions to pro-
duce reactive nitrogen species (RNS), especial-
ly peroxinitrite (ONOO-, PN), which is the most
toxic derivative of NO and a source for nitrosa-
tive stress in neuronal cells via affecting mito-

chondrial function and damaging DNA, proteins,
and lipids by oxidation [4-8]. Such damage in
turn triggers downstream signal transduction
pathways, leading to apoptosis or necrosis [9,
10].

Nuclear factor-kappaB (NF-kB) is crucial for a
variety of cellular processes, such as inflam-
mation, immunity, cell proliferation, and apop-
tosis [11]. It consists of five members: RelA
(p65), c-Rel, RelB, NF-kB1 (p50) and NF-kB2
(p52) [12, 13]. All NF-kB proteins share a highly
conserved Rel homology domain (RHD) respon-
sible for DNA binding and dimerization [14].
NF-kB subunits form various homodimers or
heterodimers with p65/p50 heterodimer (also
known as NF-kB complex) being the most
common one in most cell types [15, 16]. Under
physiological conditions, NF-kB dimers are
sequestered in the cytoplasm due to the binding
of inhibitor of kB (IkB) family which consists of
IkBa, IkBB, and IkBe [17]. Upon stimulation, the
IkB kinase complex (IKK), which consists of two
catalytically active kinases, IKKa and IKK3, and
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the regulatory subunit IKKy, becomes activat-
ed, leading to the proteasomal degradation of
IkB proteins and the translocation of NF-«kB
dimers to the nucleus [17-19]. Once NF-kB
dimers translocate to the nucleus, they bind to
a consensus DNA motif (5-GGGRNNYYCC-3’)
to activate a set of target genes.

NF-kB has been found to be involved in neuro-
protection against death-inducing stimuli such
as B-amyloid protein, 6-OHDA, and oxidative
stress [20-22]. In some cases, however, NF-kB
also promotes neuronal death. For example,
NF-kB was found essential to hydrogen perox-
ide- and dopamine-induced apoptosis in rat
PC12 neural cells [23, 24]. In addition, our pre-
vious study demonstrated that NF-kB promoted
MPP*-induced apoptosis of SH-EP1 cells [25].
Recent studies also reveal that NF-kB can be
activated in neurons in response to massive
NO production, but the function of this activa-
tion and the target genes regulated by NF-kB
and NO in various types of neural cells are
largely unknown [26, 27]. The present study
aimed to investigate the potential role of NF-kB
in the NO toxicity in human neuroblastoma
SH-EP1 cells and explore the target genes of
NF-kB involved in this process.

Materials and methods
Cell culture

Human neuroblastoma SH-EP1 cells obtained
from Evelyne Goillot(Laboratoired'Immunologie,
Centre Leon Berard, Lyon, France) were main-
tained in Dulbecco’s modified Eagle’s medium
(DMEM) containing 10% fetal calf serum (FCS),
100 U/ml penicillin, and 100 ug/ml streptomy-
cin at 37°C in humidified 5% CO,,. pPCMV-IkBa-M
provided by Dr Douglas R. Green [28] was
transfected into SH-EP1 cells in the presence
of Lipofectamine 2000 (Invitrogen, USA) follow-
ing the manufacturer’s instructions. The trans-
fected cells were selected with G418 (500 g/
ml) (Sigma, USA), and the expression of IkBa-M
in selected cell clones was determined by
Western blot assay with IkBa antibody. Cell
clones stably expressing IkBa-M were desig-
nated as I-kBaM cells.

Total, cytoplasmic and nuclear protein prepa-
ration

Cells were lysed in lysis buffer (50 mM Tris-HCI,
pH 8.0, 100 mM NaCl, 1 mM EDTA, 1 mM EGTA,
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5 mM MgCl,, 10% glycerol, 1% Triton X-100 and
complete protease inhibitor mixture [Roche])
and kept on ice for 30 min for the extraction of
total protein. After centrifugation at 14,000 g
for 15 min at 4°C, the supernatant was collect-
ed as total protein. For cytoplasmic protein
extraction, cells were suspended in ice-cold
lysis buffer (100 mM NaCl, 20 mM Tris-HCI, pH
8.0, 1% Nonidet P-40, complete protease inhib-
itor mixture), homogenized and centrifuged at
16,000 g at 4°C for 60 min, and the superna-
tant was collected as cytoplasmic protein. To
extract nuclear proteins, cells were homoge-
nized in buffer A (20 mM HEPES, pH 7.9, 1.5
mM MgCl,, 10 mM KCI, 0.5 mM dithiothreitol,
and complete protease inhibitor complex). After
centrifugation at 600 g, the pellets containing
nuclei were re-suspended in buffer C (20 mM
HEPES, pH 7.9, 1.5 mM MgCl,, 420 mM KCI, 1
mM EDTA, 25% glycerol, 0.5 mM dithiothreitol,
and complete protease inhibitor complex) and
centrifuged at 100,000 g for 20 min at 4°C.
The supernatant was collected as nuclear
protein.

Electrophoretic mobility shift assay (EMSA)

For EMSA, reactions were conducted in a total
volume of 20 ul. In brief, 5 pg of nuclear extract
was mixed with the reaction buffer (100 mM
KClI, 10% glycerol, 0.2 mM EDTA, 0.5 mM dithio-
threitol, 1 mM PMSF, 1 yg/ml elupeptin, 2 ug/
ml poly [dI-dC], 20 mM HEPES, pH 7.9). The mix-
ture was incubated on ice for 20 min in the
presence of 10° cpm (3,000 Ci/mmol) of [g-32P]
ATP-conjugated oligonucleotide probe with an
NF-kB binding site (5-AGT TGA GGG GAC TTT
CCCAGG C-3’) (Santa Cruz Biotechnology, USA).
In the supershift assay, 1 ug of p65 antibody
was added together with nuclear protein,
followed by incubation for another 20 min at
4°C. Samples were separated in 5% native
polyacrylamide gels. Then the gels were dried
and autoradiographed with intensifying screens
at -88(807?)°C.

Transcription factor reporter assay

The transcription factor reporter assay was per-
formed using the TransAM Assay kit (Active
Motif, USA) according to the manufacturer’s
instructions. In brief, after treatment with 1 mM
SNP, 2 pg of nuclear extract was incubated in
oligonucleotide-coated 96-well plate for 1 h.
After washing, the bound complexes were incu-
bated with antibodies against NF-kB p65 for 1
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h. The plates were then incubated with horse-
radish peroxidase (HRP)-conjugated secondary
antibodies for another 1 h. Finally, the develop-
ing solution was added and incubated for 2-10
min, followed by measurement of absorbance
at 450 nm with the Tecan reader (Mannedorf,
Switzerland).

Determination of biglycan concentration in cell
culture medium

Cell culture media were collected and filtered
through 0.2-um filter to remove floating cells.
The biglycan from the cell culture media was
prepared by incubating with 100 mU of chon-
droitinase ABC (Sigma, USA) for 16 h. Proteins
were then concentrated by incubating with
Strataclean resin (Agilent Technologies, USA)
for 30 min on ice. After centrifugation at 14,000
g for 5 min, the pellet was suspended in 2x
SDS sample buffer and boiled for 5 min at
100°C. Then, the samples were centrifuged at
14,000 g for 5 min at 4°C and the supernatant
wascollected.

Western blot assay

Proteins were separated by SDS-PAGE and
transferred onto polyvinyl difluoride (PVDF)
membrane (Millipore, USA). The membrane was
blocked in 5% non-fat milk in phosphate-buff-
ered saline with 0.1% Tween 20 (PBST) for 1 h
and probed with different primary antibodies
(anti-IkBa from Santa Cruz Biotechnology, anti-
B-actin from Sigma, anti-cleaved caspase-9
and cleaved caspase-3 from Cell Signaling
Technology). After washing with PBST, the
membrane was probed with corresponding
HRP-conjugated secondary antibodies (Sigma,
USA). Thereafter, the membrane was rinsed in
PBST and visualized with the enhanced chemi-
luminescence (Pierce, USA).

Immunohistochemistry

Immunohistochemistry for p65 of NF-kB was
performed by using the coverslips where cells
were grown. In brief, cells were washed with
PBS and fixed in 2% paraformaldehye for 10
min, followed by washing with PBST 3 times.
Cells were permeated with 0.2% Triton X-100 in
PBS for 15 min. After incubation with blocking
buffer (4% bovine serum albumin in PBS) for 1
h, cells were incubated overnight at 4°C with
rabbit polyclonal antibody against p65 (1:40;
Santa Cruz Biotechnology) in blocking buffer.

1543

Cells were washed thrice (5 min for each) with
PBS. Cells were incubated with FITC-conjugate
anti-rabbit polyclonal antibodies (1:50) for 1 h
in dark. Finally, cells were examined under a
fluorescence microscope (Carl Zeiss, USA).

Cell viability assay

Neural cell viability was assessed by crystal vio-
let staining as described previously [29]. In
brief, cells (2x10%/well) were seeded in 96-well
plates in triplicate. Following overnight incuba-
tion, cells were washed with fresh medium and
treated with SNP for up to 24 h. The plate was
stained with 0.5% crystal violet in 20% metha-
nol for 20 min and washed with tap water.
Crystal violet in stained cells was dissolved
with 20% acidic acid, and measured at 570 nm
with Tecan Reader. Absorption of samples was
normalized by the mean of control SH-EP1 cells
grown in DMEM alone (defined as 100%). At
least three independent experiments were per-
formed in triplicate.

Pl staining

Cells were seeded on cover-slips coated with
0.1% poly-L-lysine (PLL) in 12-well plates. After
treatment with SNP for 24 h, cells were washed
with PBS and fixed with 4% cold paraformalde-
hyde for 15 min. Cells were washed with PBS
thrice, and then permeabilized with 70% etha-
nol for 30 min followed by propidium iodide (PI)
staining (0.1% Triton X-100, 0.1 mM EDTA, 0.5
mg/ml RNaseA, and 50 pg/ml PIl). Cells were
observed under a fluorescent microscope (Carl
Zeiss, USA).

Fluorescence-activated cell sorting (FACS)

Cells undergoing apoptosis were analyzed by
FACS assay. In brief, cells were plated in 6-well
plates until 80% confluence was achieved.
Upon treatment, cells were trypsinized and
neutralized with 10% FCS in DMEM and centri-
fuged at 800 g for 5 min. The supernatant was
removed, and cells were stained with PI (50 ug/
mL) in PBST prior to flow cytometry (R&D
Systems, USA). Finally, the numbers of living
and apoptotic cells were expressed as percent-
ages of total stained cells.

Real time PCR

Total RNA was isolated from cells using Trizol
reagent (Invitrogen) following the manufactur-
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Figure 1. SNP induces apoptotic cell death of SH-EP1 cells. (A) SH-EP1 cells were treated with SNP (0.5, 1 and 1.5
mM) for 24 h. Cell viability was determined by crystal violet staining. Survival rate is represented as the percentage
of viable control cells. Data are expressed as mean * S.E. from at least experiments performed in triplicate. *P <
0.05 and **P < 0.01, vs untreated SH-EP1 cells. SH-EP1 cells were subjected to 1 mM SNP for 24 h, and SNP cyto-
toxicity was examined by Pl staining (B) and FACS (C). (D) SH-EP1 cells were treated with 1 mM SNP for 16 and 24 h.
Samples were assessed by Western blot assay with antibodies against cleaved caspase-9 and cleaved caspase-3.

B-actin (ACTB) served as a loading control.

er’s instructions. RT-PCR of total RNA was per-
formed as described in first strand cDNA syn-
thesis (Invitrogen). The real-time PCR was per-
formed on ABI Prism 7500 Sequence detection
system (Applied Biosystems, CA) with the KAPA
SYBR gPCR Kit (KAPA Biosystems, USA) accord-
ing to the manufacturer’'s instructions. The
primers for PCR were as follows: Biglycan,
5-GGA CTC TGT CAC ACC CAC CT-3’ (forward)
and 5-AGC TCG GAG ATG TCG TTG TT-3
(reverse). PCR was performed under the follow-
ing conditions: 2 min at 50°C, 1 min at 95°C,
40 cycles at 95°C for 3 s, 60°C for 30 s, fol-
lowed by melting curve analysis at the end of
each run from 60°C to 95°C.

Statistical analysis

Statistical analysis was performed with SPSS
version 17.0. Data are expressed as mean *
standard error (S.E.). Comparisons were done
with analysis of variance followed by Bonferroni
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test. A value of P < 0.05 was considered
statistically significant.

Results

SNP induces apoptosis and activation of NF-kB
in SH-EP1 cells

NO donors including SNP have been used wide-
ly to study oxidative stress and cellular respons-
es by mimicking endogenous NO generation
[30]. To verify the effect of NO on human neuro-
blastoma SH-EP1 cells, cell viability assay was
conducted following treatment with SNP at 0.5,
1 and 1.5 mM. As shown in Figure 1A, SNP
induced SH-EP1 cell death in a concentration-
dependent manner. The viability of SH-EP1
cells decreased by about 28% after treatment
with 0.5 mM SNP for 24 h, whereas 90% reduc-
tion was observed when the SNP concentration
was increased up to 1.5 mM. Meanwhile, PI
staining was performed to assess the cytotoxic-
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Figure 2. SNP induces NF-«kB activation in SH-EP1 cells. A. Left: SH-EP1 cells and IkBa-M cells were treated with
SNP (1 mM) for 1, 2, 4, and 8 h. The nuclear extract was prepared after SNP treatment, and EMSA was performed
using an oligonucleotide containing NF-«kB binding sites. Right: supershift assay with nuclear extract of SH-EP1 cells
treated with SNP for 2 h using p65 antibody. B. SH-EP1 cells were incubated with SNP (1 mM) for 1 h and immuno-

cytochemistry was performed for NF-kB p65 (green).

ity induced by SNP. As shown in Figure 1B,
SNP induced a relatively higher death rate.
Consistently, the SNP cytotoxicity analyzed by
FACS demonstrated similar cell toxicity of SNP
under the same conditions (Figure 1C). Western
blot was performed to detect the expressions
of caspase-9 and caspase-3, two typical mark-
ers of apoptosis. As expected, SNP elicited a
significant activation of caspase-9 and cas-
pase-3 at 16 and 24 h post-treatment (Figure
1D), suggesting that SNP induces cell apopto-
sis.

NF-kB activation has been shown to be involved
in NO-induced apoptosis [31]. To determine
whether NF-kB activation is involved in SNP-
induced apoptosis of SH-EP1 cells, the activa-
tion of NF-kB was determined by EMSA. Nu-
clear extract of SH-PE1 cells treated with SNP
was probed with a NF-kB-specific binding oligo-
nucleotide. DNA binding activity of NF-kB
increased at 1 and 2 h but reduced at 4 h
(Figure 2A). In addition, DNA binding activity of
NF-kB reduced in the presence of p65 (RelA)
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antibody at 2 h implied that the DNA complex
consists of p65 subunit of NF-kB (Figure 2A).
The activation of NF-kB by SNP was further
demonstrated by immunocytochemistry. After
exposure to SNP for 30 min, NF-kB p65 (green)
translocated from cytoplasm to nucleus, sug-
gesting the NF-kB activation (Figure 2B). These
results clearly demonstrate that SNP induces
the activation of p65 NF-kB in SH-EP1 cells.

Dominant negative I-kBa sensitizes SH-EP1
cells to NO-induced apoptosis

To clarify the role of NF-kB in NO-induced apop-
tosis of SH-EP1 cells, we prepared SH-EP1 cells
stably expressing I-kBaM that deviates from
I-kBat and can bind and inhibit NF-kB. [-kBaM
acts as an effective dominant negative inhibitor
of NF-kB activation as the mutation of two key
phosphorylation sites in I-kBaM prevents its
phosphorylation and subsequent degradation.
Western blot assay confirmed that I-kBaM was
over-expressed in SH-EP1 cells (Figure 3A). To
confirm the inhibitory effects of I-kBaM on
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Figure 3. I-kBaM sensitizes SH-EP1 to NO-induced apoptosis. A. Western blot assay of I-kBa expression in control
SH-EP1 cells transfected with empty plasmid vector and SH-EP1 cells transfected with I-kBaM, a dominant negative
inhibitor of NF-«kB. B. Nuclear extract of SH-EP1 cells and I-kBaM cells was prepared after SNP (1 mM) treatment.
EMSA was performed using an oligonucleotide containing NF-«kB binding site. C. SH-EP1 cells and I-kBaM cells were
treated for 24 h with SNP at different concentrations. Cell viability was quantified by crystal violet staining. Data
are expression as mean * S.E. from at least three experiments performed in triplicate. D. Western blot assay of cell
extract was performed with an antibody against the cleaved caspase-9. B-actin (ACTB) served as a loading control.

NF-kB activation, EMSA was performed. As
stated earlier, NF-kB activation was observed
in SH-EP1 cells treated with SNP, but it remark-
ably decreased in SNP-treated |-kBaM cells
(Figure 3B). These results indicate that I-kBaM
over-expression effectively blocks NF-kB acti-
vation. Thus, the effect of NF-kB activation on
SNP-induced cytotoxicity was examined. It was
clearly shown in Figure 3C that I-kBaM cells
were more sensitive to SNP-induced cell death
as compared to control SH-EP1 cells. Besides,
the cell viability assay and detection of cleaved
caspase-9 were also performed in IkBa-M cells.
As shown in Figure 3D, cleaved caspase-9 was
also observed in IkBa-M cells after SNP treat-
ment for 24 h, but the cleaved caspase-9 in
IkBa-M cells increased significant significantly
as compared to SNP-treated SH-EP1 cells.
These results suggest that the blockage of
NF-kB activity sensitizes SH-EP1 cells to
NO-induced apoptosis.

NF-kB activation induced by IGF-1 protects SH-
EP1 cells from NO-induced apoptosis

IGF-1 had been reported to induce NF-kB acti-
vation [32, 33]. To further confirm the protec-
tive effect of NF-kB activation against NO-
induced apoptosis in SH-EP1 cells, SH-EP1
cells were treated with IGF-1 to mimic NF-kB
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activation. The effect of IGF-1 on NF-kB activa-
tion was examined by transcription factor
reporter assay. As expected (Figure 4A), NF-kB
activity increased at 30 min, reached a peak at
1 h and decreased substantially at 2 h after
IGF-1 (100 ng/ml) treatment. However, IGF-
l-induced NF-kB activation was significantly
attenuated in I-kBaM cells.

It has been reported that the phosphorylation
of IkBa results in the degradation of IkBa, the
release of NF-kB and subsequent NF-kB activa-
tion [34]. To further confirm the effect of IGF-1
on the NF-kB activation, the phosphorylation
of I-kBa was detected in SH-EP1 and I-kBaM
cells by Western blot assay. As shown in Figure
4B, the phosphorylated I-kBa significantly
increased at 0.5 h after IGF-1 treatment and
decreased rapidly afterwards, but the phos-
phorylated I-kBa in IGF-1-treated I-kBaM cells
remained relatively stable, suggesting that
I-kBaM inhibits the NF-kB activation induced
by IGF-1. Interestingly, no degradation of I-kBa
was observed in IGF-1-treated SH-EP1 cells and
I-kBaM cells during the IGF-1 treatment, indi-
cating that the phosphorylated I-kBa is suffi-
cient to activate NF-kB in this scenario.

Then, the effects of IGF-1 induced NF-kB acti-
vation on NO-induced cell death were further
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Figure 4. NF-kB activation protects SH-EP1 cells from NO-induced apoptosis. A.
SH-EP1 and I-kBaM cells were treated with IGF-1 (100 ng/ml) for 0.5, 1, and 2
h. NF-kB activation was determined using NF-kB reporter assay. Data are from

in SH-EP1 cells, but not in
IGF-1 I-kBaM  cells, indicating
that NF-kB contributes to
the induction of biglycan
expression.

three independent experiments and expressed as mean + S.E. *P < 0.05 and

**P < 0.01, vs IGF-1 treated SH-EP1 cells. B. SH-EP1 cells and I-kBaM cells
were treated with IGF-1. Phospho-l-kBa and I-kBa in SH-EP1 cells and I-kBaM
cells were determined by Western blot assay. B-actin (ACTB) served as a loading
control. C. SH-EP1 cells and I-kBaM cells were incubated with SNP (1 mM) in the
presence or absence of IGF-1 for 24 h. Data are expressed as mean * S.E. from
at least three experiments performed in triplicate. *P < 0.05, vs SH-EP1 cells.

examined in SH-EP1 cells and I-kBaM cells.
IGF-1 at 100 ng/ml increased the survival of
NO-treated SH-EP1 cells. In contrast, IGF-1 had
no significant effects on the survival of NO-
treated I-kBaM cells (Figure 4C), suggesting a
pro-survival role of IGF-1 induced NF-kB. Taken
together, these findings further confirm that
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In order to further confirm
that biglycan expression
is NF-kB-dependent, the
baseline biglycan expre-
ssion was compared bet-
ween control SH-EP1 and
I-kBaM cells. Since bigly-
can functions as a secretory protein, total pro-
tein in the supernatant was concentrated for
Western blot assay. As expected, the baseline
biglycan in I-kBaM cells was significantly lower
than that in control SH-EP1 cells, suggesting
the biglycan expression is dependent on NF-kB
activity (Figure 5B). More convincingly, upon
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Figure 5. NF-kB activation up-regulates biglycan
expression. A. Real-time PCR was carried out to de-
tect the mRNA expression of biglycan. Data are ex-
pressed as mean * S.E. from at least three experi-
ments performed in triplicate. *P < 0.05 and **P <
0.01, vs SH-EP1 cells. B. SH-EP1 cells and I-kBaM
cells were treated with 100 ng/ml IGF-1, and the
culture medium was digested with chondroitinase
ABCase. Total protein was then concentrated using
StrataClean resin and subjected to western blot as-
say with antibody against biglycan.

IGF-1 induced NF-kB activation, biglycan
expression in both SH-EP1 cells and I-kBaM
cells substantially increased, although the big-
lycan expression in SH-EP1 cells was still
markedly higher than in I-kBaM cells. Taken
together, these findings indicate that biglycan
may function as a target gene of NF-«B.

Biglycan protects I-kBaM cells from NO-
induced apoptosis

To confirm that biglycan is involved in NF-kB-
mediated cell protection against NO-induced
apoptosis, recombinant biglycan was intro-
duced to cells and cell viability assay was per-
formed. SH-EP1 and |-kBaM cells were pre-
treated with biglycan prior to SNP treatment
and cell survival was determined 24 h later. As
expected, biglycan confered cell protection
against SNP cytotoxicity in both SH-EP1 cells
and |-kBaM cells and the protection was
comparable between SH-EP1 cells and I-kBaM
cells (Figure 6A). Consistently, SNP-induced
caspase-9 cleavage was clearly inhibited by
biglycan in both SH-EP1 cells and |I-kBaM cells
(Figure 6B). These results suggest that bigly-
can is a NF-kB downstream effector, which
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is responsible for NF-kB-mediated protection
against NO-induced apoptosis.

Discussion

NF-kB activation, which is induced by neuroin-
flammation and associated with many neurode-
generative diseases [37], usually plays an
important role in cell survival, yet the role of
NF-kB in cell viability is still controversial. A
pro-survival role of NF-kB was seen in neuro-
toxin kainate-induced damage to hippocampal
pyramidal neurons of mice lacking the p50
subunit of NF-kB as compared to wild-type
mice [38]. Similarly, NF-kB activation is essen-
tial for the erythropoietin-mediated neuropro-
tection against apoptosis induced by N-methyl-
Daspartate (NMDA) or NO in cerebrocortical
neurons in vitro [39]. Consistently, our findings
suggest that NF-kB plays a protective role
against NO-induced apoptosis in SH-EP1 cells
in three observations: (1) NO increases DNA
binding activity and promotes the nuclear
translocation of p65 in human neuroblatoma
SH-EP1 cells, resulting in NF-kB activation; (2)
introduction of a NF-kB dominant negative
mutant (IkBa-M), which effectively inhibits
NF-kB activity, sensitizes SNP-induced cytotox-
icity, resulting in decreased cell viability and
increased caspase-9 cleavage in SNP treated
IkBa-M cells as compared to SH-EP1 cells; (3)
IGF-1 induced NF-kB activation significantly
reduced SNP-induced cell death and caspase-9
cleavage, which were significantly reversed in
IkBa-M cells. In contrast to these findings,
other studies also show that NF-kB activation
promotes the death of neurons under certain
conditions. For example, in ischemia models,
NF-kB activation appears to contribute to the
brain damage as demonstrated by the fact that
mice lacking the IKK2 or the p50 subunit of
NF-kB exhibit decreased infarct volume [40,
41]. Additionally, NF-kB activation potentiates
the seizure-induced neuronal damage in the rat
hippocampus [42]. Taken together, these find-
ings suggest that whether NF-kB inhibits or pro-
motes apoptosis is dependent upon the cell
types and the nature of the apoptosis-inducing
stimulus.

NF-kB was found to be activated by IGF-1 in
many cell types, such as porcine vascular
smooth muscle cells, human umbilical vein
endothelial cells, rat immortalized GT1-7 hypo-
thalamic neuronal cells and mature primary
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Figure 6. Biglycan protects SH-EP1 cells and I-kBaM cells from SNP-induced
apoptosis. A. SH-EP1 cells and I-kBaM cells were treated with 1 mM NO in the
presence of biglycan for 24 h and then subjected to crystal violet staining for
the determination of cell viability. Data are expressed as mean + S.E. from at
least three experiments performed in triplicate. *P < 0.05 and **P < 0.01, vs
SNP-treated SH-EP1 cells. P < 0.05 and #*#P < 0.01, vs SNP-treated |-kBaM
cells. B. In the presence of biglycan (4 ug/ml), cells were incubated with SNP for
24 h, samples were examined by western blot assay with an antibody against
cleaved caspase-9. B-actin (ACTB) served as a loading control.

cerebellar granule neurons [43-45]. Consis-
tently, our NF-kB p65 reporter assay showed a
time-dependent activation of NF-kB in response
to IGF-1 treatment in SH-EP1 cells, and a tran-
sient but potent phosphorylation of IkBa was
observed in SH-EP1 cells upon IGF-1 treatment.
IGF-1 induced NF-kB activation protected
SH-EP1 cells against oxidative stress, which
was reversed in IkBa-M cells. However, domi-
nant-negative IkBa failed to completely block
IGF-1-mediated cell survival, which might be
due to the fact that the dominant-negative IkBa
is not sufficient to block IGF-1-induced NF-«kB
activation. Another explanation is that addition-
al factors, such as AKT which was previously
reported to be involved in IGF-1-mediated
protection against MPP*-induced apoptosis of
SH-EP1 cells [29], together with NF-«kB, are
involved in the protection of neuronal cells
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against oxidative stress.
Collectively, these results
suggest that it is plausible
to use IGF-1 to mimic NF-kB
activation.

It is not clear precisely how
NF-kB regulates cell surviv-
al, although it has been
reported that NF-kB is able
to induce the expression
of some genes such as
anti-apoptotic bcl-2 homo-
log A1, and some members
of the inhibitor of apoptosis
proteins (IAPs) [46, 47]. To
identify the genes involved
in the NF-kB-mediated pro-
tection against NO-induced
apoptosis in SH-EP1 cells,
cDNA microarray was em-
ployed. As a result, the
MRNA expression of bigly-
can was significantly up-
regulated by IGF-1 in SH-
EP1 cells but not in IkBa-M
cells. Biglycan belongs to
the family of small leucine-
rich proteoglycans and con-
sists of a core protein with
331 amino acids covalently
bound to two chondroitin
sulphate- or dermatan sul-
phate-containing  glycos-
aminoglycan side chains
[48]. The up-regulated biglycan expression was
further proven by real-time PCR and Western
blot assay, but such up-regulation was not
observed in IkBa-M cells. The delayed presence
between NF-kB activation and biglycan up-reg-
ulation strongly suggest biglycan as a direct tar-
get of NF-kB in SH-EP1 cells. Consistently, our
results showed recombinant biglycan protected
SH-EP1 cells and IkBa-M cells from NO-induced
apoptotic cell death. Our findings for the first
time demonstrated that biglycan served as a
direct target gene involved in NF-kB-mediated
cell protection against NO insults.

4 (ug/ml)

SNP
Biglycan

cleaved
caspase-9

In summary, our findings show that NF-kB pro-
vides a strong protection against NO-mediated
SH-EP1 cells death through up-regulating the
biglycan expression. Our results provide a novel
target for the treatment of stroke and neurode-
generative diseases.
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