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nuclear factor-kappa B activation

Yoshiyuki Hattori*, Sachiko Hattori, Kikuo Kasai

Department of Endocrinology and Metabolism, Dokkyo University School of Medicine, Mibu, Tochigi 321-0293, Japan

Received 19 June 2003; received in revised form 10 September 2003; accepted 11 September 2003

Abstract

Bacterial lipopolysaccharide and other immunostimulants induce gene expression of an isoform of nitric oxide synthase (iNOS) in
vascular smooth muscle cells. This process is dependent on nuclear factor-kappa B (NF-kB) activation. The aim of this study was to
investigate whether the NF-kB and Akt signaling pathways converge to induce iNOS in lipopolysaccharide-stimulated vascular smooth
muscle cells. Treatment of vascular smooth muscle cells with lipopolysaccharide plus interferon-y (LPS/IFN) caused activation of Akt and
NF-kB. LPS/IFN caused activation of the iNOS promoter and transcription of iNOS mRNA/protein, resulting in NO production. A
pharmacological inhibitor of the phosphoinositide 3-kinase (PI3K)-Akt pathway, 2-(4-morpholinyl)-8-phenyl-4H-1-benzopyran-4-one
(LY294002), inhibited phosphorylation of Akt and suppressed activation of NF-xB by attenuating the phosphorylation and degradation of
IkB. LY294002 thereby inhibited LPS/IFN-induced iNOS expression and NO production. Another inhibitor of the PI3K-Akt pathway,
wortmannin, also inhibited NO production in VSMC. LY294002 similarly inhibited interleukin-1p- or tumor necrosis factor-a-induced NO
production. The data indicate that lipopolysaccharide or cytokine stimulation of vascular smooth muscle cells leads to activation of the PI3K-
Akt pathway, which then activates the NF-xB pathway. Thus, the PI3K-Akt pathway controls the expression of iNOS in lipopolysaccharide-

and cytokine-stimulated vascular smooth muscle cells.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

Nuclear factor-kappa B (NF-xB) plays a critical role in
regulating the induction of genes in states of immunity,
stress responses, and inflammation (Karin and Ben-Neriah,
2000; Huxford et al., 1999; Baldwin, 1996). A wide variety
of NF-kB-responsive genes have been identified. One of
these genes encodes an inducible isoform of nitric oxide
(NO) synthase (iNOS) and NF-«B has been shown to
mediate induction of this gene in several NO-producing
cell types. This based on studies examining iNOS gene
promoter constructs and inhibitors of NF-kB (Sherman et
al., 1993; Mulsch et al., 1993; Eberhardt et al., 1994; Xie et
al., 1994). Classical NF-kB is a heterodimer composed of
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p50 and p65/RelA subunits, which exist in the cytoplasm
as an inactive complex bound by IkB proteins (Karin and
Ben-Neriah, 2000; Huxford et al., 1999; Baldwin, 1996).
Generally, activation of NF-«B involves phosphorylation of
IkB, which then marks IkB for ubiquitination and degra-
dation. This permits NF-kB to translocate to the nucleus,
where it activates gene transcription. A key regulatory step
in NF-kB activation is activation of a high molecular
weight IkB kinase (IKK) complex, containing kinases such
as IKKa and IKKp, which are thought to catalyse NF-«xB
activation.

Akt/protein kinase B (PKB) is a serine—threonine
kinase that is best known for its ability to inhibit cell
death pathways (Kandel and Hay, 1999; Brazil and Hem-
mings, 2001; Scheid and Woodgett, 2001). Activation of
Akt by growth factors and cytokines generally occurs via
the phosphoinositide 3-kinase (PI3K) pathway. Upon stim-
ulation, PI3K phosphorylates specific phosphoinositide
lipids, which accumulate in the plasma membrane, creating
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docking sites for Akt. At the plasma membrane Akt
undergoes phosphorylation at two residues, leading to its
activation.

Although NF-kB and Akt were initially thought to be
components of distinct signaling pathways, several studies
have demonstrated convergence of the NF-<B and Akt
signaling pathways (Thomas et al., 2002; Madrid et al.,
2001). Indeed, IkB kinase, the kinase involved in NF-xB
activation, is a substrate of Akt, thus, activation of Akt
stimulates NF-kB activity. These results place Akt upstream
of NF-kB activation in the sequence of signaling events.
Thus, we investigated whether modulation of Akt/PKB
activity can affect NO synthesis through NF-«xB activation
in vascular smooth muscle cells.

2. Methods
2.1. Cell culture and RNA extraction

Vascular smooth muscle cells were isolated by elastase
and collagenase digestion of thoracic aortae from male
Wistar rats (Chamley-Campbell et al., 1979). Cultures were
fed twice weekly with Dulbecco’s modified minimal essen-
tial medium (DMEM) containing 10% fetal bovine serum
and antibiotics (100 pg/ml piperacillin and 100 pg/ml
streptocymin). Cells in passages 10 to 15 were used for
the experiments. Total RNA was extracted from confluent
vascular smooth muscle cells after passages 10—15 using a
modified guanidinium isothiocyanate method (Chomczyn-
ski and Sacchi, 1987).

2.2. Nitrite assay

Nitrite accumulation, an indicator of NO synthesis, was
measured in the cell culture medium of confluent vascular
smooth muscle cells (Gross and Levi, 1992). Nitrite was
quantified colorimetrically after adding 100 pl of Griess
reagent (1% sulfanilamide and 0.1% naphthylenediamine
in 5% phosphoric acid) to 100-ul samples. Absorbance at
550 nm was determined using a microplate reader (Mo-
lecular Devices, Richmond, CA, USA). Nitrite concentra-
tions were calculated by comparison with the absorbance
of standard solutions of sodium nitrite prepared in cell
culture medium.

2.3. iNOS mRNA analysis

Standard Northern blotting was used to investigate iNOS
mRNA expression, as previously described (Hattori et al.,
1999a,b). A probe was obtained by reverse transcription-
polymerase chain reaction (RT-PCR) using specific primers
for iNOS (Hattori and Gross, 1993), after which it was
labeled with [a-**P]dCTP by random priming and used for
Northern blot analysis of mRNA expression. After probing
for iNOS expression, membranes were stripped and re-

probed for GAPDH mRNA. Radioactivity of the blots was
quantified using a BAS2000 image analyzer (Fuji Photo
Film, Tokyo, Japan).

2.4. NF-kB activation

To study NF-«xB activation, the cells were stably trans-
fected with a cis-reporter plasmid containing a luciferase
reporter gene linked to five repeats of NF-kB binding sites
(pNFkB-Luc: Stratagene, La Jolla, CA, USA) (Hattori et
al., 1999a,b). For this, the pNFkB-Luc plasmid was trans-
fected together with a pSV2neo helper plasmid (Clontech,
Palo Alto, CA, USA) into rat vascular smooth muscle cells
using the FuGEN 6 transfection reagent (Boehringer
Mannheim, Mannheim, Germany). The cells were cultured
in the presence of G418 (Clontech) at a concentration of
500 pg/ml with medium replacement at 2- to 3-day
intervals. Approximately 3 weeks later, G418-resistant
clones were isolated using a cloning cylinder and analyzed
individually for expression of luciferase activity. Several
clones were selected for analysis of NF-kB activation.
Luciferase activity was measured using a luciferase assay
kit (Stratagene).

2.5. NOS promoter analysis

To study iNOS promoter function, rat vascular smooth
muscle cells were stably transfected with a construct con-
taining a 1.7-kb fragment of the mouse iNOS promoter
which was cloned upstream of a reporter gene that encodes
the secreted form of human placental alkaline phosphatase
(SEAP) (Hattori et al., 1999a,b). SEAP activity, which is
released into the cell culture medium, was measured using a
sensitive chemiluminescent assay (Tropix).

2.6. Western blot

Monolayer vascular smooth muscle cells treated with
lipopolysaccharide plus interferon-y (LPS/IFN) in the
presence and absence of 2-(4-morpholinyl)-8-phenyl-4H-
1-benzopyran-4-one (LY294002) for various intervals were
lysed using cell lysis buffer (Cell Sinaling) with 1 mM
pheylmethyl suphonyl fluoride. The protein concentration
of each sample was measured using a Bio-Rad detergent-
compatible protein assay. Subsequently, p-mercaptoethanol
was added at a final concentration of 1%, and each sample
was denatured by boiling for 3 min. Samples containing 15
ng of protein were resolved by electrophoresis on 12%
sodium dodecyl sulphate (SDS)-polyacrylamide gels and
transferred to polyvinyldienefluoride (PVDF) membranes
(Bio-Rad) incubated with Phospho-Akt antibody, Akt an-
tibody, Phospho-IkB-a antibody, IkB-a antibody, Phos-
pho-ERK antibody, and ERK antibody (1:1000, Cell
Signaling). The binding of each of these antibodies was
detected using sheep anti-rabbit IgG horseradish peroxi-
dase (1:5000) and the ECL Plus system (Amersham,
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Buckinghamshire, UK). For rat iNOS, vascular smooth
muscle cells treated with LPS/IFN plus different concen-
trations of LY294002 for 24 h were lysed using electro-
phoresis sample buffer and analysed by immunoblotting,
as previously described.

2.7. Statistical analysis

Data are presented as means = S.E.M. Multiple compar-
isons were evaluated by analysis of variance between
groups (ANOVA) followed by Fisher’s protected least
significant difference test. A value of P<0.05 was consid-
ered statistically significant.

3. Results

3.1. LY204992 or wortmannin inhibits lipopolysaccharide-
induced NO production in vascular smooth muscle cells

We examined the role of the PI3K-Akt pathway in
induction of NO as a result of immunostimulation in
vascular smooth muscle cells using two different pharma-
cological inhibitors, LY294002 and wortmannin. These
block the activation of PI3K via different mechanisms.
The induction of NO by lipopolysaccharide plus interfer-
on-y (LPS/IFN) was measured by examining nitrite accu-
mulation in the medium, in the presence or absence of
LY294002 or wortmannin. LY294002 (2 ~ 10 uM) dose-
dependently inhibited LPS/IFN-induced nitrite production
in vascular smooth muscle cells with a half-maximal inhib-
itory concentration of ~ 5 pM. Similarly, wortmannin (25—
200 nM) inhibited LPS/IFN-induced nitrite accumulation in
a concentration-dependent manner with a half-maximal
inhibitory concentration of ~ 150 nM.

3.2. LY204002 inhibits interleukin-1[- or TNF-o-induced
NO production in vascular smooth muscle cells

We next examined the effect of LY294002 on interleu-
kin-13- or tumor necrosis factor-a (TNF-a)-induced NO
production in vascular smooth muscle cells. The induction
of nitrite production by interleukin-1p plus interferon-y (IL-
I/IFN) was significantly inhibited by LY294002. The in-
duction of nitrite production by TNF-a plus interferon-y
(TNF-o/IFN) was also markedly inhibited by LY294002
(Fig. 1).

3.3. LY294002 inhibits lipopolysaccharide-induced NF-kB
activation and iNOS promoter activity

Next, we evaluated the role of PI3K-Akt signaling in
lipopolysaccharide-induced NF-«B activation and iNOS
promoter activity. LPS/IFN substantially induced NF-«xB
activity, which was clearly inhibited by LY294002 (Fig.
2A). Similarly, the induction of iNOS promoter activity by
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Fig. 1. Effect of LY294002 on nitrite production after stimulation of rat
vascular smooth muscle cells with lipopolysaccharide (30 pg/ml),
interleukin-13 (10 ng/ml), or TNF-a (10 ng/ml) in combination with
interferon-y (10 ng/ml) (LPS/IFN, IL-1/IFN, or TNF/IFN). LY294002 (5
1M, shaded bars) was added 1 h before stimulation. Nitrite accumulation
was measured 24 h after stimulation. Data are presented as means + S.E.
(n=6). **P<0.01 compared with control (no LY294002).

LPS/IFN was inhibited by LY294002 in a dose-dependent
manner (Fig. 2B).

3.4. LY294002 inhibits lipopolysaccharide-induced iNOS
mRNA and protein

The role of the PI3K-Akt pathway in induction of iNOS
mRNA and protein synthesis was determined by Northern
and Western blot analysis. LPS/IFN induced maximal levels
of iNOS mRNA at 16 h. The induction of iNOS mRNA
expression by LPS/IFN was suppressed by LY294002 in a
dose-dependent manner (Fig. 3A). We also examined the
induction of iNOS protein by LPS/IFN after 24 h. Likewise,
the level of iNOS protein induced by LPS/IFN was atten-
uated by LY294002 in a concentration-dependent manner
(Fig. 3B).

3.5. LY294002 down-regulates lipopolysaccharide-induced
Akt phosphorylation and inhibits IkB-o phosphorylation

To ascertain activation of PI3K-Akt in response to
lipopolysaccharide, we examined the phosphorylation of
Akt for 4 h after stimulation of VSMC with LPS/IFN. A
time-dependent phosphorylation of Akt was observed, while
nonphosphorylated Akt remained the same. Preincubation
with LY294002 significantly down-regulated Akt phosphor-
ylation (Fig. 4). We then examined whether LY294002
could affect the activation-induced proteolysis of IkB in-
hibitor protein, which traps NF-kB dimers in the cytosol.
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Fig. 2. (A) NF-xkB-dependent transcriptional activity/luciferase reporter
expression in stably transfected rat vascular smooth muscle cells. Cells
were treated with lipopolysaccharide (30 pg/ml) in combination with
interferon-y (10 ng/ml) (LPS/IFN) in the presence of various concentrations
of LY294002 for 3 h. Luciferase activity in the cells was measured. Values
represent the means + S.E. (n=3). **P<0.01 versus LPS/IFN alone. (B)
iNOS promoter/SEAP reporter expression in stably transfected rat vascular
smooth muscle cells. Cells were treated with LPS/IFN in the presence of
various concentrations of LY294002 for 24 h. After this time, SEAP
activity was quantified in the cell culture medium. Values represent the
means + S.E. (n=6). **P<0.01 versus LPS/IFN alone.

Incubation of vascular smooth muscle cells with LPS/IFN
for 15 min to 1 h led to significant proteolysis of IkB-a. We
next examined whether LY294002 could prevent LPS/IFN-
stimulated proteolysis of IkB-a. As shown in Fig. 4, LPS/
IFN-induced proteolysis was partially prevented by
LY294002. We also examined the level of phosphorylated
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Fig. 3. (A) Effect of LY294002 on iNOS mRNA expression in rat vascular
smooth muscle cells stimulated with lipopolysaccharide (30 pg/ml) in
combination with interferon-y (10 ng/ml) (LPS/IFN). Cells were incubated
with LPS/IEN in the presence of the indicated concentrations of LY294002
for 16 h. Total RNA was isolated and Northern hybridized with a rat iNOS-
specific probe. (B) Effect of LY294002 on iNOS protein expression in LPS/
IFN-stimulated vascular smooth muscle cells. Cells were incubated with
LPS/IFN in the presence of the indicated concentrations of LY294002 for
24 h, after which iNOS protein was detected by Western blotting as a band
with a molecular mass of ~ 125 kDa.

IkB-a in order to estimate the activity of IkB kinase.
Phosphorylation of IkB-a was inhibited in the presence of
LY294002 (Fig. 4). However, time course of ERK phos-
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Fig. 4. Effect of LY294002 on phosphorylation of Akt, IxB-a, and ERK in
rat vascular smooth muscle cells stimulated with lipopolysaccharide (30 pg/
ml) in combination with interferon-y (10 ng/ml) (LPS/IFN). Cells were
treated with LY294002 (10 uM) and stimulated with LPS/IFN for the
indicated time periods. The extracted cell lysates were subjected to Western
blot analysis using Phospho-Akt antibody, Akt antibody, Phospho-IkB-a
antibody, IkB-a antibody, Phospho ERK antibody, and ERK antibody.
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phorylation was similar even in the absence and presence of
LY29002 (Fig. 4).

4. Discussion

Inhibition of lipopolysaccharide-induced Akt activation
led to down-regulation of NF-kB activation, resulting in
decreased iNOS expression and NO production. NF-kB-
activating stimuli such as interleukin-13 and TNF-a were
also down-regulated by inhibition of Akt activation, leading
to decreased NO production. LPS-mediated phosphorylation
and activation of Akt were blocked by pharmacological
inhibitors of Akt. Events necessary for the activation of NF-
kB (such as IkB degradation, nuclear translocation, and
increased NF-kB DNA binding) were all suppressed by
inhibitors of Akt. These results place Akt upstream of NF-
kB activation in the sequence of signaling events, whereby
activation of Akt up-regulates iNOS promoter activity,
leading to transcription and translation of iNOS and in-
creased NO production.

The activation of NF-kB requires phosphorylation of I«B,
which then targets IkB for ubiquitination and degradation.
Inhibition of Akt, which was demonstrated as diminished
Akt phosphorylation in the present experiment, caused
decreased phosphorylation of IkB and attenuated the degra-
dation of IkB in VSMC. This might inhibit translocation of
NF-«B to the nucleus, where it normally activates gene
transcription. A key regulatory step in this pathway of NF-
kB activation is the activation of a high molecular weight
IkB kinase (IKK) complex, containing kinases such as IKK«
and IKK, which are thought to catalyse NF-xB activation.
Given that Ik B kinase is a substrate of Akt, activation of Akt
might therefore stimulate NF-<B activation. Thus, increased
NO production of might result from convergence of the Akt
and NF-kB signalling pathways in LPS-stimulated VSMC.

Although induction of nuclear translocation of NF-xB
has always been highly regarded as the principal mechanism
by which NF-«B-dependent gene expression is activated, an
alternate mechanism of NF-kB activation is emerging in-
volving phosphorylation of the RelA/p65 transactivation
subunit. The proinflammatory cytokines, TNF-a and inter-
leukin-1p3, have been shown to stimulate RelA/p65 phos-
phorylation and subsequent NF-«B transactivation through
pathways that are distinct from those involved in induction
of nuclear translocation (Sizemore et al., 1999; Wang and
Baldwin, 1998; Bird et al., 1997). Recently, the generation
of GSK3 and T2K (TBK1) knockout mice has highlighted
the physiological importance of NF-xB transactivation,
since cells generated from these animals are capable of
inducing NF-«B nuclear translocation but are deficient in
their ability to stimulate transactivation functions of NF-xB
(Hoeflich et al., 2000; Bonnard et al., 2000). Thus, Akt
might target the stimulation of the transcription function of
NF-«B via the transactivation domain of RelA/p65. This
possibility requires further investigation.

The current study demonstrates that lipopolysaccharide
or cytokine stimulation of VSMC leads to activation of the
PI3K-Akt pathway, which then activates the NF-«B path-
way by phosphorylation of IkB kinase. Inhibition of the
PI3K-Akt pathway limits activation of NF-«B, which
regulates iNOS gene expression. Thus, the PI3K-Akt
pathway modulates the expression of iNOS in lipopolysac-
charide- and cytokine-stimulated vascular smooth muscle
cells.

Acknowledgements

The authors are grateful to Dr. Kazumi Akimoto
(Laboratory of Molecular and Cellular Biology, Dokkyo
University School of Medicine) for technical assistance.

References

Baldwin Jr., A.S., 1996. NF-kappa B and I kappa B proteins: new discov-
eries and insights. Annu. Rev. Immunol. 14, 649—-683.

Bird, T.A., Schooley, K., Dower, S.K., Hagen, H., Virca, G.D., 1997.
Activation of nuclear transcription factor NF-kappaB by interleukin-1
is accompanied by casein kinase II-mediated phosphorylation of the p65
subunit. J. Biol. Chem. 272, 32606—32612.

Bonnard, M., Mirtsos, C., Suzuki, S., Graham, K., Huang, J., Ng, M., Itie,
A., Wakeham, A., Shahinian, A., Henzel, W.J., Elia, A.J., Shillinglaw,
W., Mak, T.W., Cao, Z., Yeh, W.C., 2000. Deficiency of T2K leads to
apoptotic liver degeneration and impaired NF-kappaB-dependent gene
transcription. EMBO J. 19, 4976—-4985.

Brazil, D.P., Hemmings, B.A., 2001. Ten years of protein kinase B signal-
ling: a hard Akt to follow. Trends Biochem. Sci. 26, 657—664.

Chamley-Campbell, J., Campbell, G.R., Ross, R., 1979. The smooth
muscle cell in culture. Physiol. Rev. 59, 1-61.

Chomczynski, P., Sacchi, N., 1987. Single-step method of RNA isolation
by acid guanidinium thiocyanate—phenol—chloroform extraction. Anal.
Biochem. 162, 156—159.

Eberhardt, W., Kunz, D., Pfeilschifer, J., 1994. Pyrrolidine dithiocarbamate
differentially affects interleukin 13- and cAMP-induced nitric oxide
synthase expression in rat mesangial cells. Biochem. Biophys. Res.
Commun. 200, 163-170.

Gross, S.S., Levi, R., 1992. Tetrahydrobiopterin synthesis: an absolute
requirement for cytokine induced nitric oxide generation by vascular
smooth muscle. J. Biol. Chem. 267, 25722—-25729.

Hattori, Y., Gross, S.S., 1993. GTP cyclohydrolase I mRNA is induced by
LPS in vascular smooth muscle: characterization, sequence and rela-
tionship to nitric oxide synthase. Biochem. Biophys. Res. Commun.
195, 435—-441.

Hattori, Y., Hattori, S., Kasai, K., 1999a. Troglitazone upregulates nitric
oxide synthesis in vascular smooth muscle cells. Hypertension 33,
943 -948.

Hattori, Y., Banba, N., Gross, S.S., Kasai, K., 1999b. Glycated serum
albumin-induced nitric oxide production in vascular smooth muscle
cells by nuclear factor kB-dependent transcriptional activation of indu-
cible nitric oxide synthase. Biochem. Biophys. Res. Commun. 259,
128-132.

Hoeflich, K.P., Luo, J., Rubie, E.A., Tsao, M.S., Jin, O., Woodgett, J.R.,
2000. Requirement for glycogen synthase kinase-3beta in cell survival
and NF-kappaB activation. Nature 406, 86—90.

Huxford, T., Malek, S., Ghosh, G., 1999. Structure and mechanism in NF-
kappa B/I kappa B signaling. Cold Spring Harbor Symp. Quant. Biol.
64, 533—-540.



158 Y. Hattori et al. / European Journal of Pharmacology 481 (2003) 153—158

Kandel, E.S., Hay, N., 1999. The regulation and activities of the multifunc-
tional serine/threonine kinase Akt/PKB. Exp. Cell Res. 253, 210-229.

Karin, M., Ben-Neriah, Y., 2000. Phosphorylation meets ubiquitination: the
control of NF-kappa B activity. Annu. Rev. Immunol. 18, 621-663.

Madrid, L.V., Mayo, M.W., Reuther, J.Y., Baldwin Jr., A.S., 2001. Akt
stimulates the transactivation potential of the RelA/p65 Subunit of NF-
kappa B through utilization of the Ikappa B kinase and activation of the
mitogen-activated protein kinase p38. J. Biol. Chem. 276, 18934 —18940.

Mulsch, A., Schray-Utz, B., Mordvibtcev, P.I., Hauschildt, S., Busse, R.,
1993. Diethyldithiocarbamate inhibits induction of macrophage NO
synthase. FEBS Lett. 321, 215-218.

Scheid, M.P., Woodgett, J.R., 2001. PKB/AKT: functional insights from
genetic models. Nat. Rev., Mol. Cell Biol. 2, 760—768.

Sherman, M.P., Aeberhard, E.E., Wong, V.Z., Griscavage, J.M., Ignarro,
L.J., 1993. Pyrrolidine dithiocarbamate inhibits induction of nitric oxide
synthase activity in rat alveolar macrophages. Biochem. Biophys. Res.
Commun. 191, 1301-1308.

Sizemore, N., Leung, S., Stark, G.R., 1999. Activation of phosphatidyli-
nositol 3-kinase in response to interleukin-1 leads to phosphorylation
and activation of the NF-kappaB p65/RelA subunit. Mol. Cell. Biol. 19,
4798-4805.

Thomas, K.W., Monick, M.M., Staber, J.M., Yarovinsky, T., Carter, A.B.,
Hunninghake, G.W., 2002. Respiratory syncytial virus inhibits apopto-
sis and induces NF-kappa B activity through a phosphatidylinositol 3-
kinase-dependent pathway. J. Biol. Chem. 277, 492—-501.

Wang, D., Baldwin Jr., A.S., 1998. Activation of nuclear factor-kappaB-
dependent transcription by tumor necrosis factor-alpha is mediated
through phosphorylation of RelA/p65 on serine 529. J. Biol. Chem.
273, 29411-29416.

Xie, O., Kashiwabara, Y., Nathan, C., 1994. Role of transcription factor
NF-kB/Rel in induction of nitric oxide synthase. J. Biol. Chem. 269,
4705-4708.



	Lipopolysaccharide activates Akt in vascular smooth muscle cells resulting in induction of inducible nitric oxide synthase through nuclear factor-kappa B activation
	Introduction
	Methods
	Cell culture and RNA extraction
	Nitrite assay
	iNOS mRNA analysis
	NF-kappaB activation
	NOS promoter analysis
	Western blot
	Statistical analysis

	Results
	LY204992 or wortmannin inhibits lipopolysaccharide-induced NO production in vascular smooth muscle cells
	LY204002 inhibits interleukin-1beta- or TNF-alpha-induced NO production in vascular smooth muscle cells
	LY294002 inhibits lipopolysaccharide-induced NF-kappaB activation and iNOS promoter activity
	LY294002 inhibits lipopolysaccharide-induced iNOS mRNA and protein
	LY294002 down-regulates lipopolysaccharide-induced Akt phosphorylation and inhibits IkappaB-alpha phosphorylation

	Discussion
	Acknowledgements
	References


