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Selective inhibition of inhibitory kappa B kinase-f abrogates
induction of nitric oxide synthase in lipopolysaccharide-stimulated

rat aortic smooth muscle cells
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1 In this study, we utilised a number of adenoviral constructs in order to examine the role of
intermediates of the NF-xB pathway in the regulation of inducible nitric oxide synthase (iNOS)
induction in rat aortic smooth muscle cells (RASMCs).

2 Lipopolysaccharide (LPS) stimulated a significant increase in iNOS induction and NF-xB DNA
binding. These parameters were substantially reduced by overexpression of a wild-type Ix-Ba
adenoviral construct (Ad.Ik-Ba), confirming a role for NF-«B in iNOS induction.

3 Infection with a dominant-negative IKKo adenoviral construct (Ad.IKKa*/") did not
significantly affect iNOS induction, NF-«B DNA binding or Ix-Ba loss. Infection of RASMCs with
adenovirus encoding a dominant-negative IKKf (Ad.IKK /) essentially abolished iNOS induction

and activation of the NF-kB pathway.

4 Pretreatment of RASMCs with a novel specific inhibitor of IKKf}, SC-514, significantly reduced
iNOS induction, NF-xB DNA binding and I-xBo loss in a concentration-dependent manner.

5 In both RASMCs and human umbilical vein endothelial cells (HUVECs), infection with
Ad.IKKp*/~ also inhibited COX-2 expression in response to LPS. However, Ad.IKKo "/~ was again

without effect.

6 These data suggest that IKKf plays a predominant, selective role in the regulation of NF-xB-

dependent induction of iNOS in RASMCs.
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Introduction

Lipopolysaccharide (LPS), the active cell wall component of
Gram-negative bacteria that leads to systemic shock (Mayeux,
1997, Heumann et al., 1998), mediates its actions through a
family of receptors known as the Toll-like receptors (TLRs)
(O’Neill, 2000; Swantek et al., 2000). TLR-4 is favoured as the
LPS receptor, although there is evidence that TLR-2 is
responsive to purified isolates of LPS (Poltorak et al., 1998;
Yang et al., 1999; Akira, 2000; O’Neill, 2000). The TLRs
in mediating their intracellular effects utilise various IL-1
(interleukin-1) signalling pathway proteins such as MyDS88,
IL-1 receptor-associated kinase (IRAK), tumour necrosis
factor receptor-associated factor (TRAF)-6, TRAF-2, and
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transforming growth factor-f-activated kinase (TAK1) (Swan-
tek et al., 2000; Takeuchi & Akira, 2001; O’Neill, 2002).

A key signalling pathway involved in the actions of TLRs
is the Nuclear Factor kappa B (NF-xB) pathway (Zhang &
Ghosh, 2000; Faure et al., 2001). Binding sites for the NF-xB
family of transcription factors have been identified within the
promoter of inducible nitric oxide synthase (iNOS) and other
genes known to be regulated by LPS in several cell types
(Muller et al., 1993; Yamamoto et al., 1995; D’Acquisto et al.,
1997; Rao, 2000) including rat aortic smooth muscle cells
(RASMCs) (De Martin et al., 2000). A substantial body of
evidence supports a role for a family of kinases known as the
inhibitory kappa B kinases (IKKs) in the regulation of NF-xB.
These kinases are thought to regulate the phosphorylation
status of the inhibitory protein, inhibitory kappa B(IxB)-a.



218 A.B. Gomez et al

Selective inhibition of IKKp abrogates iNOS induction

Phosphorylation of Ix-Ba promotes its dissociation from NF-
kB and its degradation. NF-xB in turn is free then to
translocate to the nucleus (Rothwarf & Karin, 1999; Karin
& Ben-Neriah, 2000). Additionally, the IKKs are regulated by
a series of additional MAP3 kinases such as NF-xB-inducing
kinase (NIK) (Regnier et al., 1997, Woronicz et al., 1997),
MEKK3 (Zhao & Lee, 1999) and others depending upon the
receptor activated. Recent evidence also suggests different
roles for IKKf and IKKa in the regulation of NF-xB-
dependent gene transcription. Several in vitro studies and
others using deletion mice suggest that IKKf is essential for
the liberation of NF-xB and cytokine production (O’Connell
et al., 1998; Li et al., 1999a, b; Schwabe et al., 2001). However,
IKKo has been implicated in the regulation of other events
including; the phosphorylation of p65 NF-xB and histone H3
or other histone kinases (Senftleben ez al., 2001; Anest et al.,
2003; Yamamoto et al., 2003) and regulation of morphogenesis
and tissue formation (Hu et al., 1999; Takeda et al., 1999;
Senftleben et al., 2001; Bell et al., 2003). Thus, while IKKoa
is also able to regulate NF-xB-dependent gene transcription
this effect is indirect.

While NF-«xB has been implicated in the regulation of a
number of genes in vascular smooth muscle cells (Collins
& Cybulsky, 2001), the respective roles of IKKa and IKKf
have not been determined. Previous studies from our labora-
tory using transient transfection procedures have implicated
both kinases in the regulation of NF-xB gene transcription
(Torrie et al., 2001) however, effects upon protein expres-
sion have not been determined. Thus, we utilised dominant-
negative adenoviral versions of IKK« and IKK 8, Ad.IKKo ™/~
and Ad.JKKpB*/~, respectively, to assess effects upon
iNOS and COX-2 in relation to those effects upon NF-xB
activation.

Methods
Materials

Dulbecco’s modified Eagle’s medium (DMEM) and foetal calf
serum foetal calf serum (FCS) were purchased from Invitrogen
(Paisley, Scotland). LPS and DAPI were from Sigma Aldrich
(Dorset, U.K.). Antibodies against iNOS, Ix-Ba, and IKKa
and -f were obtained from Santa Cruz (Insight Biotechnology,
Middlesex, U.K.). COX-2 antibody was purchased from
Alexis corporation (Merk Biosciences, Nottingham, U.K.).
FITC-, Rhodamine-conjugated secondary antibody and HRP-
conjugated secondary antibody were from Stratech scientific
(Soham, U.K.). Nitrocellulose membrane and the ECL
detection system were from Amersham Bioscience (Buckin-
ghamshire, U.K.). [y-*P]-ATP (3000 Cimmol~') was from
Perkin Elmer LAS. Ltd (Bucks, U.K.). **P-labelled double-
stranded NF-xB consensus oligonucleotide (5-AGT TGA
GGG GAC TTT CCC AGG C-3) was purchased from
Promega (Southampton, U.K.). The dominant-negative IKK-
o and -f plasmids and that for dominant-negative NIK were
kind gifts from Dr D. Goeddel (Tularik Inc., CA, U.S.A.).
Cryopreserved pooled human umbilical vein endothelial cells(
HUVECs), and endothelial cell growth medium-2 (EGM-2)
were purchased from Cambrex Bioscience (Berkshire, U.K.).
Methanol was obtained from Bamford Laboratories (Roch-
dale, U.K.) and BSA from Boehringer Manheim (East Sussex,

U.K.). SC-514 inhibitor and Mowiol were purchased from
Calbiochem (Merck Biosciences, Nottingham, U.K.).

Cell culture

Smooth muscle cells were isolated from the thoracic aortae
of 180-200g male Sprague-Dawley rats by digestion with
collagenase and elastase as previously described (Paul et al.,
1997a; Oitzinger et al., 2001). RASMCs were cultured in
DMEM containing 10% FCS and used as previously outlined
(Plevin et al., 1996; Paul et al., 1997a). HUVECs were grown
in endothelial cell basal medium supplemented with EGM-2
singlequots (2% foetal bovine serum, 0.2ml hydrocortisone,
2ml hFGF-B, 0.5ml VEGF, 0.5ml R3-insulin like growth
factor-1, 0.5ml ascorbic acid, 0.5ml hEGF, 0.5ml GA 1000,
0.5ml heparin). Cells were incubated at 37°C in humidified air
with 5% CO, and quiesced in serum-free medium 48 h prior to
stimulation with LPS (100 ugml™') in serum-free medium.

Purification of adenovirus

Recombinant replication-deficient adenoviral vectors encoding
a kinase-deficient IKK o (Ad.IKKo ™/7) or IKKf (Ad.IKKB"/7)
gene, which act in a dominant-negative manner, or encoding
wild-type porcine Ix-Bo gene (Ad.Ix-Bo) were used. These
constructs were previously described by Regnier ez al. (1997)
and Oitzinger et al. (2001), respectively. The virus was
propagated in 293 human embryonic kidney cells, then
purified by ultracentrifugation in a caesium chloride gradient.
The titre of the viral stock was determined by the end point
dilution method (Nicklin & Baker, 1999). RASMCs when
approx. 70% confluent were incubated with adenovirus in a
range between 10 and 300 plaque forming units per cell (pfu/
cell) for 16h in normal growth medium. The cells were
stimulated 40h postinfection and quiesced in serum-free
medium for 16h prior to stimulation.

Western blot analysis

As previously described (Paul ez al., 1997a), proteins (10 ug per
lane) were separated by SDS-PAGE and transferred onto
nitrocellulose. To reduce nonspecific binding the membranes
were incubated for 2h in 2% BSA (w:v) diluted in NATT
buffer (50 mM Tris-HCI, 150 mM NacCl, 0.2% (v:v) Tween-20)
and then incubated overnight with 50ngml™' primary anti-
body diluted in 0.2% BSA (w:v) in NATT buffer. Blots were
washed with NATT buffer for 2h and incubated with HRP-
conjugated secondary antibody (20ngml~' in 0.2% BSA
(w:v) diluted in NATT buffer) for 2h. After a further 2h
wash, the blots were subjected to ECL reagent and exposed
to Kodak X-ray film. All the antibodies were titred to give
optimum detection conditions.

Immunofluorescence

The cells were grown to confluency (on glass coverslips) in six-
well plates. The coverslips were washed twice with PBS, prior
to fixation with cold methanol for 10 min. The coverslips were
incubated with 1% BSA (w:v) diluted in PBS for 30 min to
prevent nonspecific binding and incubated with primary
antibodies (500ngml~") for 1h. They were further washed
three times in PBS and incubated with FITC- and/or
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rhodamine-conjugated secondary antibody with DAPI
(100ngml~") for 45min. The coverslips were then washed
three times in PBS and mounted onto slides embedded in
Mowiol for visualisation by EPI fluorescence light microscopy
(Eclipse E600 fluorescent microscopy, Nikon, Kingston upon
Thames, U.K.).

Assay of NF-xB activity: electrophoretic mobility shift
assay (EMSA)

Preparation of nuclear extracts RASMCs were grown
on 10cm? dishes, exposed to vehicle or LPS, and reactions
terminated by washing cells twice with ice-cold PBS. Cells
were then removed by scraping and transferred to Eppendorf
tubes. Nuclear extracts were prepared as previously described
(Schreiber et al., 1989) and the protein content of the recovered
samples then determined by means of Bradford assay
(Bradford, 1976).

DN A-binding reaction Nuclear extracts (5 ug) were incu-
bated in binding buffer (10mM Tris-HCI pH 7.5, 4% (v/v)
glycerol, 1mM MgCl,, 0.5mM EDTA, 0.5mM DTT, 50 mmMm
NaCl, 50 ugml~! poly(dI-dC).poly(dI-dC) for 15min prior to
addition of 1 ul (50 000 c.p.m.) of **P-labelled double-stranded
NF-kB consensus oligonucleotide (5-AGT TGA GGG GAC
TTT CCC AGG C-3') for 20-30 min. Following incubation,
1 ul of gel loading buffer (10 x; 250mM Tris-HCl pH 7.5,
0.2% (w/v) bromophenol blue, 40% (v/v) glycerol) was added
to samples and protein-DNA complexes resolved by non-
denaturing electrophoresis on 5% (w/v) acrylamide slab gels.
Gels were initially pre-run in (0.5 x ) Tris-borate-EDTA buffer
(TBE) for 30min at 100V and subsequent to loading of
samples maintained at 100V for 45-60 min. Gels were dried
and NF-xB-probe complexes visualised by autoradiography.

Measurement of nitrate/nitrite production

Nitrate/nitrite concentration in the cell culture medium was
estimated spectrophotometrically using Greiss reagent follow-
ing a 24 h stimulation with LPS at 100 ugml~, as previously
described in Paul et al. (1997a,b).

Analysis of data

Densitometry measurement was performed by using Scion
Image beta 3b program. Data were expressed as the mean+
s.e.m. and analysed with a two-tailed Student’s f-test at a
P <0.05 level of significance.

Results

Figure 1 shows the kinetics of LPS-stimulated iNOS induction
and NF-kB activation in response to LPS. As expected, LPS
stimulated a maximal increase in iNOS induction at approxi-
mately 12-24h as previously described in (Paul et al., 1997b)
(panel a). This was associated with a strong increase in LPS
stimulated NF-xB DNA binding, which was maximal by
60min and lasted for at least 4h, the longest time point
assayed (panel b). LPS also stimulated a transient loss in
cellular Ix-Ba expression (panel ¢) and an increase in IKK
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Figure 1 LPS-stimulated iNOS induction, NF-xB DNA binding
and Ik-Ba loss in RASMCs. RASMCs rendered quiescent were
stimulated with 100 ugml™" LPS for the times indicated and iNOS
(a), NF-xB DNA binding (b) and Ix-Bu levels (c) assayed as outlined
in the Methods section. Each gel is representative of at least four
experiments. In (a), levels were quantified by densitometry. Each
value represents the mean +s.e.m. (densitometry units) from at least
4 experiments (*P<0.05 vs control cells).

activity (not shown) as characterised previously (Torrie et al.,
2001).

Initially the effect of Ad.Ik-Bo was assessed to confirm
a role for the NF-xB signalling pathway in the regulation
of iNOS induction in response to LPS (Figure 2). Infection
of RASMCs with Ad.Ix-Bo reduced iNOS induction in a
concentration-dependent manner with maximum inhibition
over the range of 100-300 pfu cell! (panel a). Over the same
concentration range, Ad.Ix-Bu also abolished LPS-stimulated
NF-kB DNA binding (Figure 2, panel b). This is consistent
with a role for NF-xB in the regulation of iNOS. Panel c, in
Figure 2, is a Western blot for Ix-Ba. The overexpression
of the adenoviral Ix-Ba provides an excess of Ik-Bo that pre-
vents the translocation of NF-xB. This excess is clear in the
adenovirally-infected lysates from the control and LPS-
stimulated cells. The adenoviral wild-type porcine Ix-Ba has
lower mobility on the gel than the endogenous rat Ix-Ba and
therefore runs at a slightly higher position.

Adenoviruses encoding Ad.IKKo*/~ and Ad.IKK "/~ were
tested for infection efficiency (Figure 3). Western blot analysis
showed that all viruses infected RASMCs in a concentration-
dependent manner. For both Ad.IKKa*/~ and Ad.IKKp*/~,
maximal expression was achieved between 100 and 300 pfu
cell™! (Figure 3, panels a and b). At a concentration of 300 pfu
cell™!, an immunofluorescence study utilising specific anti-
bodies showed that, both Ad.JIKKo"/~ and Ad.IKKB*/~
(panels e and f, respectively) infected 90-100% of cells when
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Figure 2 Effect of Ad.Ik-Ba upon LPS-stimulated iNOS induction
and NF-kB DNA binding in RASMCs. Cells were infected with
Ad.Jx-Ba (10-300pfu cell™!) for 48h and stimulated with LPS
(100 ugml™") for 24 h for iNOS expression (a) and 1h for NF-xB-
DNA binding (b) or Ix-Ba degradation (c). Each blot represents
at least 4 experiments. Gels were quantified by densitometry. Each
value represents the mean+s.e.m. from at least 4 experiments
(*P<0.05 vs LPS-infected cells).

compared to untreated cells (panels ¢ and d) although cells
were infected to different levels.

Figure 4 shows the effect of Ad.IKKoa™/~ upon LPS-
stimulated iNOS induction and activation of the NF-xB
pathway. Despite consistently high levels of infection, the
mutant variant of IKKo had a minor, although statistically
significant, effect upon iNOS induction reducing maximum
levels by 30% at 300 pfu cell™' (Figure 4, panel a). Similarly,
NF-«kB DNA binding was affected in the same manner by
Ad.IKKa*/~ infection with minor decreases observed at
higher concentrations of adenovirus (Figure 4, panel b). Some
reversal of Ix-Ba loss was also observed at 300 pfu cell™!,
however, this effect was difficult to quantify since at high
concentration the virus alone was able to initiate a minor
degradation in Ix-Bo.

In contrast to the minor effect of Ad.IKKo*/~, Ad.IKK*/~
substantially inhibited LPS stimulated iNOS expression and
associated activation of the NF-xB pathway (Figure 95).
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Figure 3 Cellular expression of Ad.IKKo*/~ and Ad.IKKB*/~ in
RASMCs. RASMCs were infected with increasing concentrations of
Ad.IKKo*/~ and Ad.IKKp "/~ and assessed for protein expression
as outlined in the Methods section (a and b, respectively). Cellular
expression of Ad.IKKa*/~ (e) and Ad.IKK*/~ () at 300 pfu cell ™!
was assessed by indirect immuno-fluorescence and compared to
uninfected cells (c and d, respectively). Each panel is a representative
example from at least four experiments.

Indeed, as with Ix-Ba, this viral construct inhibited iNOS
induction in response to LPS in a concentration-dependent
manner. At concentrations as little as 30pfu cell™!,
AdIKKpB*/~ reduced iNOS induction by approximately
50% with complete abolition being observed by 300 pfu cell
(Figure 5, panel a). A similar, concentration-dependent effect
was observed at the level of NF-xB DNA binding and Ix-Bo
loss (Figure 5, panels b and c, respectively), suggesting a
critical role for IKKf in the induction of iNOS. As a measure
of iNOS activity, LPS-stimulated nitrate and nitrite produc-
tion was also measured, as described in Methods. A 24-h
stimulation with LPS (100 ugml~') caused an elevation of
nitrate/nitrite concentration from a basal level of 0.051 +0.000
to 0.18240.003 absorbance units (A4s4, 7 = 3), equivalent to a
concentration of approx. 300 uM nitrate/nitrite. A treatment
with Ad.IKKp %/~ at 300pfu cell™' had no effect on basal
levels (0.054+0.000, n=3) but caused a total inhibition of
LPS-stimulated nitrate/nitrite production (0.056+0.000,
n=73).

In order to confirm the selective role of IKKf in regulating
iNOS expression, the novel IKKf inhibitor, SC-514 (Kishore
et al., 2003), was utilised (Figure 6). Pre-treatment of cells with
this drug strongly inhibited LPS-stimulated increased iNOS
expression, with full inhibition observed between 100 and
300 uMm (Figure 6, panel a). NF-kB DNA binding was also
inhibited at higher concentrations of the drug (Figure 6, panel
b) as was LPS-simulated Ix-Bo loss (Figure 6, panel c) and
IKK activity (Figure 6, panel d).
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Figure 4 The effect of Ad.IKKoa"/~ upon LPS-stimulated iNOS
induction, NF-kB-DNA binding and Ix-Bo loss in RASMCs. Cells
were infected with increasing amounts of Ad.IKKa™"/~ for 48 h and
then stimulated with LPS (100 ug ml™") for further time periods as
outlined. Extracts were assayed for iNOS expression (a), NF-xB
DNA binding (b), and Ix-Ba loss (c). Each blot represents at least 4
experiments. Gels were quantified by densitometry. Each value
represents the mean +s.e.m. from at least 4 experiments (* P <0.05 vs
LPS-treated cells).

In order to address the possibility that the actions of IKK«
are gene or cell-type specific, expression of COX-2 in both
RASMCs and HUVECs was examined. Infection of RASMCs
with Ad.JKKp*/~ significantly reduced COX-2 expression in
response to LPS by approximately 60% (Figure 7, panel b),
however, once again infection of cells with Ad.IKKo ™/~ virus
was without effect (Figure 7, panel a). Further experiments
performed in HUVECs demonstrated the same phenomenon,
Ad.IKKa*/~ was without effect whereas Ad.IKKp*/~ in-
hibited COX-2 expression by a similar amount (Figure 7,
panels ¢ and d).

Discussion

In this study, we sought to define for the first time relative
roles for IKK isoforms in the regulation of NF-xB-dependent
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Figure 5 The effect of Ad.IKKS "/~ upon LPS-stimulated iNOS
induction, NF-kB-DNA binding and Ix-Ba loss in RASMCs. Cells
were infected with increasing doses of Ad.IKKB*/~ (pfucell™") for
48h and then stimulated with LPS (100 ugml™") for further time
periods as outlined. Extracts were assayed for iNOS (a), NF-xB-
DNA binding (b) and Ix-Ba levels (c). Each blot represents at least
four experiments. Gels were quantified by densitometry. Each value
represents the mean+s.e.m. from at least four experiments
(*P<0.05 vs LPS-treated cells).

gene expression in vascular smooth muscle cells, with a view to
seeking novel targets for drugs directed against septic shock
and other diseases such as atherosclerosis. Owing to the
relative lack of selective inhibitors of intermediates of the
NF-kB pathway, in particular the IKKs, we utilised adenoviral
approaches utilising dominant-negative constructs of the two
main active isoforms, IKKa and -f.

Preliminary experiments confirmed the idea of an NF-xB-
dependent pathway in the regulation of iNOS induction.
Infection with Ad.Ix-Ba effectively provides high levels of
cellular IxBo, which despite agonist-mediated phosphoryla-
tion, is not adequately degraded through the proteosomal
system and therefore is sufficient to prevent NF-«xB transloca-
tion to the nucleus. This construct has previously been utilised
to abolish NF-kB-dependent IRF-1 expression in HUVECs

British Journal of Pharmacology vol 146 (2)
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Figure 6 The effect of the IKKp selective inhibitor SC-514 upon
LPS-stimulated iNOS induction, NF-kB-DNA binding, Ix-Ba loss
and IKK activity in RASMCs. RASMCs were pre-treated with
increasing amounts of inhibitor (10-300 uM) and stimulated with
LPS (100 ugml™") for the times indicated. Cellular extracts were
assayed for iNOS expression (a), NF-xB DNA binding (b), Ix-Ba
loss (c) and IKK activity (d). Each blot is representative of at least
four others. Gels were quantified by densitometry. Each value
represents the mean+s.e.m. from at least four experiments
(*P<0.05 vs LPS-stimulated cells).

(Liu et al., 2001) suggesting it is an effective tool to dissect
NF-xB signalling. In this study, Ad.Ix-Ba appeared to be a
more effective inhibitor of NF-kB DNA binding than of iNOS
induction at low levels of pfu/cell (Figure 2). Although there is
some inhibition of iNOS induction at the lowest concentration
of Ad.Ik-Ba used the inhibition of NF-kxB DNA binding is
greater. Therefore, there appears to be some variation between
the concentrations of Ad.Ik-Bo effective for inhibition of the
short-term response and that required for inhibition of the
longer term response.

mean+s.e.m. from at least four experiments (*P<0.05 vs LPS-
stimulated cells).

The results obtained using Ad.Ix-Bo confirms the results
obtained in previous studies using pharmacological tools
including PDTC (MacKenzie et al., 2003; Lin et al., 2004),
D609 (Luo et al., 2003), hydrogen peroxide (Torrie et al.,
2001), and hypertonic agents (Pingle et al., 2003). However,
a number of these agents have questionable specificity
(MacKenzie et al., 2003) thus, our work with Ad.Ix-Ba is an
important confirmatory study in this regard.

Our main findings, however, show for the first time that
IKKp rather than IKKo plays a major regulatory role in iNOS
induction in vascular smooth muscle cells. Overexpression of
Ad.IKKB+/~ effectively inhibited induction of this protein and
significantly reduced intermediate events involved in NF-xB
activation including cellular Ix-Ba loss and increased NF-xB
DNA binding. Inhibition of IKK activity has previously been
demonstrated for this construct in RASMCs and abolished
IKKp activity in this system (MacKenzie et al., 2003). Other
groups have utilised either Ad.Ix-Ba or, more recently,
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Ad.IKKpB "/~ to assess the role of the NF-kB pathways in
proinflammatory mediator production in epithelial cells with
similar results (Jobin et al., 1998).

In contrast we found little or no effect of Ad.IKKo "/~ upon
iNOS induction and associated parameters. These results
contrast with our previous studies utilising RASMCs in a
transient transfection system. In this study, both Ad. IKKa™*/~
and Ad.IKKpB*'~ were equally effectively in reducing LPS-
induced NF-kB reporter activity (Torrie et al., 2001). One
possible reason for this is a mass action effect whereby
overexpression of IKKa*/~ also inhibits IKKf activity.
This is particularly likely as the IKKs are known to exist as
both homo- and heterodimers (Mercurio et al., 1997; Li et al.,
1999c¢). Thus, a degree of overlap may occur and would explain
why AdJIKKo*'~ has some limited effect upon iNOS
induction and NF-xB activation. Few studies have utilised
Ad.IKKo /7, however the Rho-dependent IKKa pathway is
implicated in the regulation of iNOS induction in neuronal-
derived cell lines (Rattan er al., 2003). Nevertheless, a very
recent study has found a similar pattern of inhibition in cells
cultured from atherosclerotic plaques (Monaco et al., 2004);
Ad.IKKp "/~ inhibited expression of a number of proinflam-
matory cytokines while Ad.IKKo "™/~ and Ad.NIK*/~ were
without effect. Interestingly, we also found that whilst NIK */~
was effective in transient transfection experiments (Torrie
et al., 2001) no inhibition of iNOS induction was observed
using the equivalent Ad.NIK ™/~ adenovirus (results not
shown). This exemplifies the potential artifactual results of
using transient transfection where large accumulation of
expressed protein occurs in relatively small numbers of cells.
Indeed, two recent studies have found that transient transfec-
tion of IKKa*/~ and NIK*/~ but not IKKB*/~ was able to
reduce IL-1$- or LPS-induced COX-2 expression in canine
tracheal smooth muscle cells (Yang et al., 2002; Luo et al.,
2003). Since IKKpf is now regarded as essential for NF-xB
activation (Karin, 1999; Li et al, 1999c) and NF-kB is
recognised to regulate COX-2 expression, these results could
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