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— Abstract

Background: The expression of inducible nitric oxide synthase (iNOS) in the vascular smooth muscle cells (VSMCs)
is dependent on the multiple regulatory mechanisms of which are largely unknown. In this study, we focused on the
role of IFN-y in IL-1 3 -mediated expression of the VSMCs iNOS gene.

Materials and Methods: VSMCs were isolated from rat thoracic aorta by enzymatic dissociation.
Phosphorothioate-modified ODNs were designed to block initiation of target mRNA translation. Nitrite concentrations
were measured by mixing 100 £ L of culture medium with 100 L. of Griess reagent. The biological activity of IFN-y
was demonstrated by testing the effect of supernatants collected from the IL-1 B -treated VSMCs on the production of
NO in RAW264.7 cells stimulated with LPS. Supernatant levels of IFN- y were measured by Epdogen Rat Interferon
gamma enzyme-linked immunosorbent assay kit. Total RNA was prepared from cultured VSMCs using RNAzol
(Tel-Test) 12 hours after IL-1 3 treatment. RNA (1 ¢ g) from each sample was reverse-transcribed with Oligo-dT as
the first-strand c¢cIDNA primer and Maloney murine leukemia virus reverse transcriptase. Western blotting and
electrophoretic mobility shift assay were performed.

Results: In a system of rat VSMCs in primary culture, we found that IL-1 83 induced the productions of both NO and
IFN- 7. IFN- r protein and mRNA were expressed in the IL-1 8 -stimulated VSMCs. Anti-IEN- y antibody or antisense
IFN- 7 oligodeoxynucleotide (ODN) markedly inhibited NO production and iNOS protein expression as well as IFN- y
synthesis in the IL-1 83 -stimulated cells. Furthermore, antisense IFN- y ODN abolished the IL-1 42 -induced activation
of interferon regulatory factor-1 (IRF-1) without affecting NF- £ B activity as determined by electrophoretic mobility
shift assay. The repletion of IFN-7y to the system restored NO production and IRF-1 activity.

Conclusion: These results suggest that the expression of iNOS gene in the IL-1 A -stimulated VSMCs is dependent on
the endogenous IFN- 7 synthesis and regulated through the activations of both IRF-1 and NF-« B.
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Introduction The expression of inducible nitric oxide synthase (INOS)

gene generally requires exposure of cells to immune or

1

inflammatory  stimuli.
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first demonstrated with mouse peritoneal macrophages
treaced  with lipopolysaccharide (LPS), in which the
expression of INOS gene was enhanced synergistically by
the addition of IFN-7.” Synergistic enhancement of iNOS
gene expression has been demonsoated in other cell types
suct: as mesenchymal and epithelial cells exposed to two or
morz stimuli.” These studies have indicated that IFN-y
serves as primary activator in the expression of INOS
genc:.m In vascular smooth muscle cells (VSMCs), although
synergistic enhancement of INOS gene expression has been
known to require multiple cytokines such as IL-1 /43, tumor
necrosis factor-@ (TNF-a), [FN-¥ and LPS, recent
works have shown that IL-1 8 alone is sufficient to induce
the expression of iNOS gene in VSMGCs”” IL-18 is
mulrifunctional cytokine, affecting nearly every cell type,
and sometimes acts in concert with another proinflammatory
cvickine such as TNF- @' Specifically, IL-1 2 is shown to
initiate the expression of various genes including IFN, TNF
and IL-1 4 and to increase cell surface expression of IFEN
and TNF receptors.” Recent work has shown the potential
role of IEN-y in IL-1 /4 -mediated expression of iINOS gene
by hepatocytes.““ The importance of IFN-7 in the
expression of INOS gene by VSMCs has been previously
demonstrated in several reports, indicating that [FN-7 is
of INOS
expression in response to TNF- @ and/or IL-1 8. Although

required for the maximal induction gene
investigators have emphasized the major role of IL-1 4 in
the expression of INOS gene by VSMCs, they did not
demonstrate a potential role of IFN-y in the IL-178
-mediated expression of INOS gene by VSMCs.

The upstream portion of the murine iINOS promoter
enhancer region binding with several

contains  an

transcription factors in responses to IFN- 7. These sites
include a gamma activated site element and interferon
regulatory factor-1 (IRF-1) response element, which
mediates binding by IRF-1."""" This promoter region is
necessary for full synergistic effects of IFN-7» on rthe
induction of INOS gene expression. Recently, Spink et at

showed that IRF-1 is essential for maximal induction of

]
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iNOS gene expression by IL-18 and IFN-7 in VSMGCs.
On the
hypothesized that the IL-1 Z-induced expression of iNOS

basis of these considerations, this study
gene in the VSMCs is dependent on the endogenous IFN- 7
synthesis and mediated through the activation of IRF-1
This study determined the role of IFN-y in the IL-1/53
-induced expression of iNOS gene by using antisense [FN-
v oligodeoxynucleotide. I defined the contributions of
IRF-1 activated by IFN- 7y in addition to NF-« B in the

IL-1 A -induced expression of iNOS gene.

Materials and Methods

1. Materials

Rat recombinant IL.-1 8 and rat recombinant IFN- 7 were
obtained from R&D Systerns (Minneapolis, MN). Tag
polymerase and reverse transcriptase (Superscript) were
from Gibco BRL vD).

Anti-murine macrophage iNOS polyclonal antibody and

purchased (Gaithersburg,
polyclonal antibody against p65 were obtained from Santa
Cruze Biotechnology (Santa Cruze, CA). Mouse anti-rat
IEN- 7 antibody
Pharmingen (San Diego, CA).

Mouse anti- ¢ -actin and anti-mouse immunoglobulin G

monoclonal was  obtained  from

fluorescein isothiocyanate (FITC) conjugate were obtiined
from Sigma Chemical (St. Louis, MO). All other reagen:s
for cell culture were purchased from Life Technologies
(Gaithersburg, MD).

2. Cell cultures

VSMCs were isolated from rat thoracic aorta by enzymatic
dissociation as described in elsewhere.” Cells were grown in
Dulbecco’'s  modified  Eagle's (DMEM)
supplemented 10% fertal 2mM

glutamine, 100U/mL penicilline, 100 z2g/m! streptomycin, in

medium

with bovine serum,
an incubator at 37C in 95% humidified air and 3% CO.
They were passaged twice a weck by harvesting with

trypsin/EDTA and seeding in 10c¢cm dishes. The identity of
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the VSMCs was contirmed by indirect immunofluorescent
staining for @ -actin, by using mouse anti- @ -actin antibody
and anti-mouse [gG-FITC conjugate (Sigma Chemical Co,
St. Louis, MO). The purity of the VSMCs cultures was
routinely more than 99.0%. Cells at passages 7 to 15 were
used for experiments. Cells were seeded on a 12-well plates
or 60mm-culture dishes at 2X 10%cells/cii for transfection
experiments, and allowed to grow in DMEM containing
10% serum. After reaching 80% confluent state, the cells

were used for experiments.

3. Transfection of oligodeoxynucleotides to VSMCs

Phosphorothioate-modified oligodeoxynucleotides (ODNs)
to block mRNA
translation. The sequence of ODNs used as antisense (AS),
scrambled antisense (Scr), and sense (S) DNA for IFN- y
were as follows: AS, 5'-TTCAATGAGTGTGCCTTGGCA
GTA-3"; Sre, T-TCTAGAATGGTTGCTCTGGGCATA-3';
3'-TACICCCAAECCACACICATTAGAA-3.  ODNs

were transfected into the cells wsing LipofectAMINE

were designed initiation of target

5,

reagent (Life Technologies, Gaithersburg, MD), 3:1 (w/w)
liposome formulation of the polycationic lipid 2.3-
dioleyloxy-N-[2 (sperminecarboxyamine)ethyll-N, Ndimethy
Ipropanaminiumtrifluoroacetate (DOSPA) and the neutral
lipid diceleoyl phosphatidylethanolamine (DOPE). On the
day of transfection, the medium was changed to fresh
medium and incubated for 1 hour at 37°C. VSMCs were
transfected with each ODNs (1 M) complexed with 2z
g/mL.  of LipofectAMINE the
manufacturer's instructions and incubated in serum free
Opti-MEM medium for 6 hours. Thereafter, cells were
grown in DMEM medium containing 10% FBS for 18hours

and treated with IL.-18 .

reagent according to

4. Measurement of nitrite Production

Nitrite concentrations were measured by mixing 100 L
of culture medium with 100 zL of Griess reagent as
described previously."”’ The absorbance at S40nm  was

measured  using  Titertek  Multiscan, and  nitrite

s+

=3

2] A204d 13, 2005

concentrations were calculated from a sodium nitrite

standard curve.

5. Biological activity Of IFN-y

The biological activity of IFN-7y was demonstrated by
testing the effect of supernatants collected from the [L-1 5
-treated VSMCs on the production of NO in RAW264.7
cells stimulated with LPS as described previously.”\’ Briefly,
RAW264.7 cells were preincubated on a 24-well plates
(1 X 10%ells/cii) in DMEM containing 10% FBS for 6
hours. At the time of testing, medium was replaced with
500 21 of fresh medium and 500 xL of supernatant
collected from the IL-18-treated VSMCs was added in
duplicate. Cells were treated wit without LPS (10ng/ml) for

24 hours and nitrite concentrations were determined

6. Measurement of [FN-7y

Supernatant levels of IFN- 7y were measured by Endogen
Rat Interferon gamma enzyme-linked immunosorbent assay
kit. Stripwell plates were procoated with anti-rar IFN- 7y
monoclonal antibody. 50 L of sample diluent were a to
each along with 50 ¢LL of sample or standard and incubated
at room temperature for 1 hour. The wells were washed 3
times, and 100 #L of biotiny lated antibody reagent was
added and incubated at room temperature for 30min. The
wells were washed 3 times, and 100 xL of prepared
streptavidine-horser peroxidase (HRP) was added and
incubated at room temperature for 30min. After 3 times
washes, 100 L of premixed 3, 3', 5, 53'- tetramethy
Ibenzidine substrate solution was added and incubated at
room temperature for 30min. The reaction was stopped
with 100 2L of stop solution (0.18M sulfuric acid) the
absorbance at 540nm was read on a microplate reader. The
standard curve was generated using curve-fitting software
and used to determine the amount of rat IFN-7 in an

unknown sample.

7. mRNA extraction and reverse transcription- polymerase
chain reaction (RT-PCR)



|

Ol

4 2z A st ga

7 s

e

& FofA

Total RNA was prepared from cultured VSMCs using
KNAzol (Tel-Test 12 hours after IL-1 8 treatment. RNA
(1¢) from each sample was reverse-transcripted with
Oligo-dT as the first-strand ¢cDNA primer and Maloney
nmurine  leukemia  virus  reverse  Transcriptase. PCR
amphbfication was carried out for 30 cycles using Tag
polyrerase on a PCR thermal cycler. PCR products were
visuaized by electrophoresis through 1.5% agarose gel
containing ethidium bromide. The sequences of primer pairs
used to amplify rat iNOS, IFN-y | and TNF- ¢ were as for
5'-TAGAGGAAGATCTGGCCAGG-37,
5 -TGGCCGACCTGATGTTGCCA-3" (234bp  products);
S'T-TACTGCCAAGGCACACTCATTGAA-3
S'-GCACCCACTCCTTT:  TCCGCTTCCT-3' (407bp
3'-ATGAGCACGGAAAGCATGATC-3 5'-
(275bp  products).

products)
TACGGGCTTGTCACTCGAGTT-3

The primer sequence: for @-actin mRNA, used to
determine  constitutive  mRNA  expression, were S -
CATCGTGGGCCGCTCTAGGCAC-3',  5'-CCGGCCA

GOCAAGTCCAGACGC-3 (430bp products).

8. Western blotting

Total proteins were prepared in lysis buffer as described
pre\'i:'»usly.“ Samples containing 30 g of protein were
rzsobved by 10% SDS-polvacrvlamide go electrophoresis,
trans’erred to nitrocellulose membrane, and immunoblotted
with polyclonal antibody against murine macrophage iNOS
cr monoclonal antibody against rat IFN- v Antibodies were
detected by HRP-conjugated secondary antibody and
visualized with an enhanced chemiluminescence detection

kit (Amersham).

€. Electrophoretic mobility shift assay (FEMSA)

Nuclear extracts were prepared by the method of Staal et
4l A double-stranded oligonucleotid corresponding NF-
B (3-CCAACTGGGGACTCTCCCTTIGGGAACA-3": or
[RF- (5 -CACIGTCAATATTTCACTTTCATAATG-3') was
end-labeled  with T4 polynucleotide kinase (Promega,
WD in reaction containing 2 x#L  Probe

Madison, a
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(1.75pmole/ L), 1 L. 10X T4 kinase buffer, 1 gL (y
-32P) ATP (10mCi/mL), 5 uL. water, and 1 #L T4 kinase
(10U/ ). After incubation at 37C for 30min, the
reaction was stopped by adding of 1 zL 0.5M EDTA and
then 89 #L. TE buffer. For each binding reaction, aliquots
of the nuclear extract (8 u#g) were suspended in a final
volume of 12.5xL by adding 2.5x«L of 5X binding
buffer [100mM HEPES (pH 7.9), 250mM KCI, SmM
MgCl, 0.5mM EDTA, 5mM DTT, 2mM PMSF, 1 zg/mL
Poly (dI-dC), 25% glycerol], appropriate arnounts of water
and | 2L of radiolabeled probe. Before the labeled probe
was added, the mixture was incubated on ice for [Omin.
After the probe was added, the incubation continued at
room temperature for 30min. Reactions were analyzed by
electrophoresis on a 6% nondenatured polyacrylamide gel in
0.5x TBE, at 200V and 4C. Gel was dried and bands
corresponding to complexes between Transcription factors
and the labeled probe were detected by autoradiography,
For competition experiments, 100-fold molar excess of
competitor DNA was incubated in the mixture prior to the
addition of nuclear extracts. For supershift, polyclonal
antibodies against NF-« B or IRF-1 were added to the
extracts 10min before adding the lebeled probe.

10. Statistics

Data are presented as means =SEM for the number of
experiments. Multiple comparisons were evaluated by
Student's t-test. Result with P < 0.05 were considered

statistically significant.

Results

1. IL-1 B-induced synthesis of endogenous IFN-y in rat
VSMCs

VSMCs were exposed to 1L-14 (1-100ng/mL) for 24
hours and the NO production was measured by nitrite
concentrations. The NO production was increased in a

dose-dependent manner and showed maximal accumulation
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(approximately 3647.0 #M) in the presence of 100 ng/mL
of IL-1/4. In equal to the NO production, the IFN-y
synthesis was also increased in a dose-dependent manner
(Fig. 1A).

The maxim IFN- y synthesis (2634 12.0pg/mL) ooonled in
He Hesence of 100ng/mL of IL-14. In the presence of
IL-18 (50ng/mL), the productions of NO and IFN-7y
were also increased in a time-dependent manner (Fig. 1B).
To confirm the endogenous IFN-y synthesis, the
expression of IFN-7y gene was assessed by Western blot
and RT-PCR (Fig. 1C). In the unstimulated cells, [FN- y
gene was not detectable. In the IL-1 4 -stimulated VSMCs,
however, the expressions of IFN-y protein and mRNA
were detected and markedly increased in the presence of
IL-18 (50ng/mL). These results indicate that the exposure
of the VSMCs to IL-1 8 induces the expressions of [FN-y
protein and mRNA as well as the NO production. Further
study was performed to determine whether IL-1 /3 induces
the production of TNF. But in the presence of IL-1/4
(1-100ng/mL), the expression of TNF mRNA was not
detectable as determiined by RT-PCR (data not shown).
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Fig. 1 (A) Dose- and (B) time dependent effects of IL-1243
on the productions of NO and IFN- 7 in the VSMCs. Cells
were treated with different concentrations (1-100ng/mL) of
IL-1 B for 24 hours and then nitrate accumulationand IFN- y
concentration were measured. Data are means *+ SEM of
triplicate experiments. (C) Effects of IL-1 /8 on expressions of
IFN- 7y protein and mRNA in VSMCs protein (50 zg) of
cytosolic fraction was separated in 10% SDS-PAGE and
transferred onto nitrocellulose membrane. IFN- 7 protein was
determined by western blot with monoclonal antibody against
rat IFN- 7. Total RNA was isolated and then RT-PCR with
IEN- 7 specific primers was performed as described in
methods. Lane 1, unstimulated cells: Lane 2, IL-18
(10ng/mL): Lane 3, IL-8 (50ng/mL). Data are
representatives of riplicate experiments.

2. Effects of culture supernatant derived from IL-14
-stimulated VSMCs on the NO production in RAW264.7
cells treated with LPS

It has been well established that the expression of INOS



87 g FY2 AXNM A AL Y &4 /A fAA 2 22 1A

gene in macrophages is maximally induced by a
combination of LPS and IFN-y. To further confirm the
cellular synthesis of IFN- 7, the biological activity of IFN-
y was assessed by testing the effects of supernatants
collected from the IL-1 3-stimulated VSMCs on the NO
production by the RAW264.7 cells in the presence or
absence of LPS (Fig. 2A).
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Fig. 2 (A) Effects of culture supernatants derived from IL-1
A stimulated VSMCs and (B) supplemented with neutralizing
anti IFN- 7 antibody on the NO production in RAW264.7
stimulated with LPS. RAW264.7 (CM1). or containing
10ng/mL of IL-1 8 (CM2) or 50ng/mL of IL-1 8 (CM3) in
the presence or absence of LPS (10ng/mL) for 24 hours, and
then nitrate accmulation was measured. The transferred
conditioned medium (CM) derived from VSMC cultures
treated with IL-1 B (50ng/mL) for 24 hours were additionally
supplemented with either control IgG or anti IFN- 7 antibody
and incubated with or without LPS (10ng/mL) for 24 hours.

Treatment of RAW264.7 cells with supernatants from the
unstimulated  VSMCs culture did not induce the NO
production. However, addition of supernatants from the
[L-1 A -stimulated VSMCs to the RAW264.7 cells induced
large amounts of NO production. In addition, the
conditioned medium synergistically increased the NO
production in the presence of LPS. In this system, the
potential role of [FN- 7 was further examined by using the
anti-IFN- 7 antibody.  The

neutralizing transferred

supernatants from VSMCs cultures treated with or without
SOng/mL of IL-18 to the RAW264.7 cells were
supplemented with control IgG or anti-IFN-y antibody and
then incubated for 24 hours in the presence or absence of
LPS. Addition of control IgG had no effect on the NO
production induced by conditioned mediiun containing 1L-1
B in RAW264.7 cell treated with LPS. In contrast, these
stimulatory effects of conditioned medium were blocked by
addition of the neutralizing anti-IFN- 7 antibody to the
cells (Fig. 2B). But addition of the antibody against TNF-
@ had no effect on the production of NO (data not

shown ).

3. Effects Of antisense IFN-y ODN OR the NO Production
by the IL-1 /A -stimulated VSMCs

VSMCs were transfected with each [FN-7  sense,
scrambled, and antisense ODNs (2 M) complexed with
lipofect AMINE reagent for 6 hours. After 18 hours further
incubation with DMEM medium containing 10% FBS,
VSMCs were treated with IL-1 8 (50ng/mL) for 24 hours,
and then the concentrations of [EN-y in the culture
medium were measured by enzyme-linked immunosorbent
assay.

The addition of sense and scrambled antisense ODNs did
IL-1 B -induced IFN-y

However, the addition of antisense ODN to the IL-1/3

not affect the production.
-stimulated cells inhibited the IFN-y Production to 34 =+
6.0pg/mL (Fig. 3A). To confirm the role of IFN-7 in the
IL-1 A -induced NO production, nitrite accumulations were
measured from supernatants. The addition of sense and
scrambled antisense ODNs had no effect on the IL-153
-induced NO production. However, treatment of the cells
with antisense ODN inhibited the IL-1/-induced NO
production to 8.5+35xM (Fig. 3B). Next study was
performed  to further confirm the specific action of
antisense ODN to block the IFN- 7 synthesis. As shown in
figure 3C, the addition of sense ODN did not affect the
IL-1 A -induced NO production. In the presence of [L-173
/antisense  ODN, the addition of I[FN-y (100U/mL.)

- 125 -
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restored the NO production. However, IFN-7y alone
produced small amount of NO and synergized with IL-1 3
to produce large amount of NO (Fig. 3C). These data
suggest that antisense [FN-7y ODN inhibited the IFN-y
synthesis and did not affect the iNOS gene expression, and
IFN- 7 alone is not suffcient but necessary factor required
for the maximal NO production in the IL-1 /2 -stimulated
VSMCs.
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Fig. 3 Effects of antisense IFN-y ODN on the IL-143
-induced (A) IFN-7 synthesis and (B) NO production (C)
Effects of exogenous IFN-y on IL-18 induced NO
production by the VSMCs. Cells were transfected with sense,
scrambled, and antisense ODNs (2£#M) for IFN-7 as
described in methods. The concentrations of IFN-y and NO
were determined by enzyme-linked immunosorbent assay,
Griess reaction respectively, Data are means +SEM of
triplicate experiment,

4. Effects Of antisense IFN-y ODN on the iINOS gene
expression by the IL-1 A -stimulated VSMCs

Immunoblot analysis was performed to determine the
inhibition of iNOS gene expression by antisense ODN (Fig.
4A). In the presence of IL-14, the iINOS protein
expression was markedly increased. The addition of sense
and scrambled antisense ODNs did not affect the IL-1/4
-induced iINOS protein expression. However, the IL-1/
-induced INOS protein expression was inhibited by the
treatment with antisense ODN. In the presence of IL-1/4
/antisense ODN, the addition of IFN-y (100U/mL) to the
cells restored the iINOS protein synthesis completely.
RT-PCR was peformed to determine the effects of
antisense ODN on the IL-1/-induced iNOS mRNA

= 126 =
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expression (Fig. 4B). In the presence of [L-1 /43 (50ng/mL),
sense and scrambled antisense ODNs did not affect the IL-1
B -induced expressions of INOS and [FN-y mRNA.
However, antisense ODN decreased the IL-1/-induced
expressions of INOS and [FN-y mRNA. To reconfirm the
role of IFN-y in the IL-1/-induced NO production,
immunoblot analysis was performed using monoclonal
anti-rat IFN- 7 antibody (Fig. 5). The IL-1 3 -induced NO
production and INOS protein expression were blocked by
anti-IFN- 7 antibody( =20 rg/ml.). However, exogenous
IFN- y restored completely iNOS protein expression. These
results suggest that IFN- 7 is a necessary factor in the IL-1

£ -induced INOS gene expression.
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Fig 4 Effects of antisense IFN- y ODN on the expressions of
(A) iNOS protein and (B) IFN-y mRNA and iNOS mRNA
in the IL-1 A -stimulated VSMCs. Protein (50 z£g) of cytosolic
fraction was separated and transferred onto nitrocellulose
membrane, iNOS protein was determined by western blot with
monoclonal anti-iNOS antibody. Total RNA was isolated and
then RT-PCR with iNOS specific primers was performed as
described in methods, Lane 1, unstimulated cells : Lane 2,

A w9 B Ay Qs A4 Y 54 FARY F44 2d =d /1R
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IL-1 8 (50ng/mL): Lane 3, I11-1 B/sense ODN (2 M): Lane
4, IL-1 B /scrambled antisense ODN (2 #M): Lane 5, IL-13
/antisense ODN (2 #M): Lane 6, IL-1 S /antisense ODN/IFN-
y (100U/mL). Data are representatives of triplicate
experiment

1 2 3 4 5
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Fig 5 Effects of anti-IFN- y antibody on the IL-1 5 -induced
iNOS protein expression in the VSMCs. iNOS protein was
deternibed by western blot with monoclonal anti-iNOS
antibody. Lanel, ubstimulated cells: Lane2, IL-18
(50ng/mL): Lane 3, IL-1/8/mouse IgG (lmg/mL): Lane 4,
IL-1 B/anti-IFN- v antibody (20zg/mL): Lane 5, IL-18
/anti-IFN- 7 antibody/IFN- y  (100U/mL.). Data are
representatives of triplicate experiment.

5. Effects Of antisense IFN- 7 ODN OH the activations Of
NF- £ B and IRF-1 in the IL-1 /8 -stimulated VSMCs

The activation of NF- « B is reported to be required for the
INOS gene expression in the IL-1 £ -stimulated VSMCs, and
it is known that the activation of IRF-1 is mediated by
IFN- 7.

[L-18-induced INOS gene expressirion, electrophoretic

To further establish the role of IFN-y in the

mobility shift assay was performed. As shown in figure 6A,
the NF- « B binding activity was present in nuclear extracts
from the IL-1/8-stimulated VSMCs, but not from the
unstimulated cells, Sense and antisense ODNs (2 M) and
IFN-y (100U/mL) all had no effect on the NF-«B
binding activities induced by IL-1 /4. IL-1 8-induced NF-
# B binding activity was inhibited by the addition of
antibody to p65 subunit (Fig. 6A).

_12’__
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Fig. 6 Effects of antisense IFN-y ODN on the (A) NF- B
and (B) IRF-1 binding activities in the IL-1 A -stimulated
VSMCs. Cells were transfected with sense and antisense ODNs
for IFN- 7 as described in methods. Cells were incubated with
IL-13 for 2 hours and nuclear extracts were prepared and
analyzed for DNA-binding activity as described in Methods.
Data are representatives of triplicate experiment.

In contrast, the IL-1 A3 -induced IRF-1 binding activity was
dramatically inhibited by antisense ODN. As shown in
figure 6B. the IRF-1 binding activities were detected in
nuclear extract from the IL-1 A3 -stimulated VSMCs, but not
from the unstimulated cells. Sense ODN did not affect the
IRF-1 binding activity induced by IL-12.
antisense ODN (2 #M) strongly inhibited the [L-174
-induced IRF-1 binding activity and the inhibition was fully
recovered by the addition of IFN-7y. The IRF-1 binding
activity was competitively inhibited by the addition of

However,

excess unlabeled probe, indicating the specific DNA/Protein
binding (Fig. 6B). These results suggest that the I[L-1/4
-induced expression of iINOS gene in the VSMCs is
regulated through the activations of NF- £ B and IRF-1, the

latter of which via the endogenous IFN- 7 synthesis.

3}
3)

= A204 15, 2005

Discussion

In the current study, this study have shown the expression
of IFN-7 gene in the IL-1/A-stimulated VSMCs. The
inhibition of IFN-7 gene expression by antisense IFN-y
ODN was associated with decreased NO production and
INOS gene expression in the IL-1/-stimulated VSMCs.
Similar results were observed in experiments using
anti-IFN- 7 antibody. Moreover, antisense ODN did not
affect the activation of NF- « B, but abolished the IL-1 5
-induced IRF-1

activation by antisense IFN-ODN resulted in decreased

binding activity. Blocking of IRF-1

INOS gene expression. These evidences suggest that the
IL-1 B-induced iINOS gene expression in the VSMCs is
regulated through the activation of IRF-1 as well as NF- &
B, and endogenous IFN-y synthesis is obligatory for the
activation of IRF-1.

The expession of iINOS gene has demonstrated to be
regulated at the level of transcription in response to
proinflarnmatory mediators such as [L-1 43, TNF-« and
[FN-7. In most cases, maximal induction of iNOS gene
expression requires a combination of two or more cytokines
or a combination of one or nor cytokines plus LB, &%
Previously, several studies of signalmg pathway involved in
cytokine-stimulated iNOS induction have shown that [L-1
B by itself is a sufficient stimulus in VSMCs.” " These
studies indicated that IL-1/4 is primary activator for the
INOS gene expression by the VSMCs. In other cell systems
such as macrophages, however, IFN- 7 serves as a primary
activator.''? Recently, the importance of IFN-y in the
expression of iNOS gene by VSMCs has been demonstrated
by Gross et al>" They showed that stimulants such as
TNF-a, IL-1 8, and LPS induce the iNOS gene expression
in the VSMCs by the mechanism that is synergistic with
IFN- 7 . Spink et al."” showed that IFN-7 is required for
the maximal induction of iNOS gene expression in response
to TNF- @ and/or IL-1 /. They have shown that IFN-y

synergizes with cytokines to induce iINOS gene expression
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in the VSMCs. However the mechanisms by which IL-1 8
alone induce INOS gene express and synergizes with [FN-
v and/or TNF- ¢ to result in maximal NO production are
unknown. In the present work, for the first time show that
tne IL-1 A -induced INOS gene expression is dependent on
the endogenous IFN-7y synthesis in the VSMCs. It
charzcterized the expression of IFN-y gene in the [L-1 5
-stimulated VSMCs and defined the role of IFN-¥ in the
IL-1 A-induced INOS gene expression by using antisense
IFN-y ODN and anti-I[FN- 7 antibody. The murine iNOS
proroter region contains several binding sites for
transcriptional factors, including NF- « B, IRF-1, Oct-1,
end Stat 1a Early studies have focused on the role of
NF- ¢ B activation, which mediated the expression of INOS
gene in the LPS-stimulated macrophages as well as the IL-1
B -stimulated VSMCs, Moreover, recent evidences have
shown that the synergistic effect of IFN-7 on the

LPS-induced INOS gene expression is mediated by the

25,26}

activation of IRF-1, In my experiments employing rat
primary VSMCs, IL-1 8-induced NF- 4 B binding activity
was not affected by antisense IFN-y ODN. However, the
IL-1 B-induced iINOS gene expression was decreased by
antisense IFN-7  ODN. These findings suggest that
additional regulatory factors as well as NF- « B is required
for the optimal induction of INOS gene expression in the
1L.-1 /2 -stimulated VSMCs.

IRF*-1 is a transcriptional factor that was first identified as
impcrtant in the virus-induced activation of the IFN-y
gene.”” IRF-1 is generally present only at low levels within
resting cells; but after treatment with IEN, the transcription
of IRF-1 gene is increased dramatically.™' The production
of IRF-1 is induced by other cytokines such as IL-18,
1L-6 and TNF- e, viral infection, and prolactin. Kamijo et
al. have shown that IRF-1 binding is required for the
synergistic effects of IFN-y on the induction of iINOS
gene expres@ion.zi‘lm Spink et al”™” have shown that
transcriptional factors NF- £ B and IRF-1 are essential for
the maximal induction of INOS gene expression by IL-1 3,

EN-7 and TNF-a in the VSMCs. However, it has not
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been demonstrated that thr IRF activation in VSMCs is
involved in IL-1 B8-induced iNOS gene expression Using a
model of rat primary VSMCs, we showed that the IL-1 8
-induced iINOS gene expression is regulated by the
activations of IRF-1 as well as NF- £ B, Antisense [FN-y
ODN did not affect the activation of NEF- « B but abolished
IRF-1 binding activity. Blocking of IRF-1 activation by
antisense ODN was associated with decreased iNOS gene
expression. These results suggest that IL-1/4 induces
endogenous IFN- 7 synthesis to result in the induction of
iNOS gene expression through the activations of IRF-1 as
well as NF-« B.
[L-18 is a

cytokine released primarily by activated monocytes in

well-characterized  pro-inflammatory

response to a wide variety of infectious stimuli.” IL-1 8
release in vivo is thought to powentiate many of the
systemic efftets of septic shock.™ Recent evidence SUPPOrts
a role of IL-1 5 in the etiology of gastric cancer.” This
report describes that the pro-inflammatory effects of [L-)
B may exacerbate mucosal damage and create an
environment that makes individuals inffcted with H. Pylori
more susceptible to carcinogenesis.  Considering  the
associations of IL-1 8 with inflammation or cancer, it will
be critical to characterize properties of cytokines

responsible  for immune response. In  particular,
understanding the mechanism associated with the induction
of iINGS gene in VSMCs may be also worthy of attention
to prevent the deleterious hypotensicn associated with septic

shock in the immune system.

Conclusion

This study have identified the NO production and the
endogenous IFN-7 synthesis in the IL-1 /5 -stimulated
VSMCx, In the experiments using antisense IFN-y7 ODN
and anu-1IFN- 7 antibody, 1 confirmed that IFN-y Plays
a Pivotal role in mediating the IL-} /A -induced iNOS gene

expression. | also demonstrated that the IL-1 4 -induced
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iNOS gene expression is regulated through the activations
of IRF-1 as well as NF- £ B. These results suggest that the
IL-1 8 -induced iNOS gene expression in the VSMCs is
regulated through the activations of both NF- 4B and

IRF-1 and endogeneous IFN-y synthesis is obligatory.
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