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ABSTRACT. We have cloned five DNA fragments (20.32, 20.48, 21.7, 23.2, and 25.1 kb) of the
59-flanking region of the rat inducible nitric oxide synthase (iNOS) gene from rat genomic DNA. The functional
importance of the 59-flanking region was determined by transient expression of iNOS promoter-luciferase
constructs in cultures of rat aortic smooth muscle cells. The 20.48 kb construct, containing one nuclear factor
kB (NF-kB) binding site, expressed basal promoter activity but showed only a 1.5- and 1.7-fold increase in
luciferase activity in response to lipopolysaccharide (LPS) or a cytokine mixture, respectively. However, the
23.2 kb construct (containing a second NF-kB binding site) showed full promoter activity with a 24-fold
increase in response to LPS or cytokine mixture. The 25.1 kb construct showed no further increase in luciferase
activity, suggesting that the 1.9 kb upstream of 23.2 kb may not be important in rat iNOS regulation. Rat iNOS
promoter induction did not appear to be transcriptionally regulated by NO since NOS inhibitors did not affect
induction. These data are in marked contrast to the mouse iNOS promoter in which a DNA sequence as short
as a 285 bp, containing one NF-kB site, confers 10-fold inducibility by LPS. The present findings demonstrate
that the rat iNOS gene is transcriptionally regulated by cytokines and LPS, but, unlike the mouse gene, the
downstream NF-kB site does not appear to be a key region in responses to cytokines and LPS. These data suggest
that the regulation of the rat gene may require the coexistence of at least two NF-kB sites or other elements
upstream of 20.48 kb of the 59-flanking region. BIOCHEM PHARMACOL 55;11:1873–1880, 1998. © 1998 Elsevier
Science Inc.
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NO‡ plays important roles in the normal physiology and
pathophysiology of many organ systems [1–3]. Of the three
types of NOS catalyzing conversion of L-arginine to NO,
two are constitutively expressed primarily in vascular en-
dothelial cells (type III or ecNOS) and brain neuronal cells
and skeletal muscle (type I or ncNOS), respectively. A
third type, the inducible NOS (type II or iNOS), is
expressed following stimulation by inflammatory mediators,
such as cytokines or LPS. In VSMC, induction of iNOS

and the consequent vast amounts of NO produced are
believed to be responsible for the systemic hypotension
seen in septic shock [4, 5], as well as for the side-effects of
anti-tumor therapy with cytokines [6, 7].

The molecular mechanisms for the transcriptional regu-
lation of the iNOS gene have been studied by cloning the
mouse iNOS promoter and inducing expression of the
promoter-reporter gene constructs in a cultured mouse
macrophage cell line, RAW 264.7 [8–10]. One thousand
bases out of the 1.5-kb mouse iNOS promoter confer full
inducibility by the mixture of interferon-g and LPS in this
cell line [9, 10]. A key region in the promoter for LPS
responsiveness is a downstream NF-kB site [11], whereas
the synergistic effect of interferon-g and LPS requires the
presence of an additional 59-region of the promoter [12].

Unlike the mouse iNOS gene promoter, a 21.09 kb of
the 59-flanking region of the human iNOS gene does not
respond well to LPS [13]. Recently, promoter analysis of the
human iNOS showed that the first 23.8 kb upstream of the
gene resulted in only basal promoter activity and demon-
strated at most a slight response to cytokines [14, 15]. A 3-
to 5-fold induction was found in promoter segments con-
taining up to 25.8 and 27.0 kb, and a 10-fold activation
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was observed in a construct containing 216 kb of the
promoter although the full sequence and responsive ele-
ments of this promoter are unknown [14]. More recently,
Eberhardt et al. [16] published a 21.7 kb segment of the rat
iNOS promoter, and the promoter segment only showed a
three-fold induction in response to cytokines, although the
promoter contains two NF-kB sites similar to the location
of the mouse iNOS promoter. These data suggest species-
dependent variations in the molecular mechanisms of
iNOS gene regulation.

Although many different cell types can be induced to
produce NO by LPS and proinflammatory cytokines [17],
most studies of iNOS gene regulation have focused thus far
on macrophages. Unlike macrophages, the upstream NF-kB
site of the mouse iNOS promoter plays an important role in
eliciting a response to cytokines in the A7r5 rat smooth
muscle cell line [18]. Similarly, when the mouse macro-
phage iNOS promoter was transfected into cultured
RASMC, it was shown that a key region in mediating the
effect of IL-1b was located at 2234 bp from the 59-region
of the gene, whereas a significant portion of iNOS induc-
tion was independent of the NF-kB site [19]. These data
strongly indicate that, in addition to species-dependent
variation, there is a cell type-dependent variation in the
molecular regulation of iNOS induction.

Exposure of rats to LPS has served as a popular and useful
model of septic shock. Because the high output of NO by
rat VSMC plays an important part in the pathophysiology
of septic shock, in the present study rat iNOS gene
regulation in aortic VSMC has been investigated. We have
cloned five DNA fragments of 20.32, 20.48, 21.7, 23.2,
and 25.1 kb from the 59-flanking region of the rat iNOS
gene and studied the regulation of the promoter in cultures
of rat aortic VSMC. We found that the 2484-bp segment
of the 59-flanking region of the gene does not respond to
LPS and/or cytokines. However, a 24-fold induction was
observed in the 23.2-kb construct in response to LPS or
cytokines, whereas the 25.1-kb construct showed a similar
response, suggesting that the 1.9 kb upstream of the 23.2
kb may not be important in rat iNOS regulation. It was also
observed that iNOS promoter induction is not affected by
NO, since NOS inhibitors had no effect on the gene
induction even though NO production was abolished
completely. These data are in marked contrast with findings
from the mouse iNOS promoter in either VSMC or
macrophages and demonstrate that the rat iNOS is tran-
scriptionally regulated by LPS and cytokines, but in a
manner different from that in mouse.

MATERIALS AND METHODS
Reagents

Human recombinant IL-1b was obtained from Boehringer.
TNF-a was purchased from R & D Systems. LPS, L-NMMA
and L-NAME were purchased from Sigma. Tissue culture
media and Lipofectamine were obtained from Life Tech-
nologies.

Cell Culture

RASMC were harvested from Wistar rats (Harlan) by
enzymatic dissociation, using standard methods [20]. The
cells were identified as smooth muscle by indirect immu-
nofluorescent staining for a-actin, using mouse anti-a-
actin antibody and anti-mouse IgG FITC conjugate. The
positive stain was routinely 100%. RASMC were grown in
100-mm plates in 50% F12 nutrient medium and 50%
Dulbecco’s Modified Eagle’s Medium supplemented with
10% fetal bovine serum, glutamine, penicillin (100,000
units/L), and streptomycin (100,000 3 mg/L) and were
subcultured (1:4) into 100-mm tissue culture plates. Cells at
passage 2 or 3 were used in the studies. All cultures were
grown in a humidified incubator at 37° under 5% CO2 in
air.

Molecular Cloning and Sequencing of the Rat
iNOS Promoter

DNA fragments of the 59-flanking region of rat iNOS
promoter were amplified with the PromoterFinder DNA
Walking Kit (Clontech) [21]. Briefly, five pools of DNA
fragments were prepared by digestion of rat genomic DNA
with five restriction enzymes, PvuII, SspI, DraI, ScaI, and
EcoRV. Following the digestion, each pool of DNA frag-
ments was ligated to an adapter. Two gene specific oligo-
nucleotide primers (totally spanning 45 bp) were derived
from the known sequence of the exon 1 of RASMC iNOS
cDNA [22]. The sequences of the primers were 59-GAG
GAACCTCAGAAGCGTCTCTAAAAG-39 (the pri-
mary gene specific primer, representing positions 80 to 106
of rat iNOS cDNA) and 59-CTCTAAAAGTCCAGTC
CCCTCACCAAG-39 (the secondary nested primer, posi-
tions 62 to 88). The amplification was performed using the
Advantage™ Genomic PCR Kit (Clontech), and the cycle
parameters were as follows: 7 cycles of denaturation at 94°
for 30 sec and annealing/extension at 72° for 4 min except
for an initial denaturation of 1 min, and then 32 cycles of
denaturation at 94° for 30 sec and annealing/extension at
67° for 4 min followed by 4 min at 67°. A 1.7 kb promoter
fragment was also obtained by amplification with a 59
primer (59-GATGAAGCCTGAAGACGCGTCGAC
TTTGATATACTGAAATTC-39) at the 21.7 kb site
with 23.2 kb as DNA template. The DNA fragments with
identical 39 ends were cloned into a luciferase gene-
containing vector, PGL3-Basic (Promega), which does not
contain a promoter and enhancer. The DNA fragments
were sequenced on both strands in an ABI automated
sequencing system, model 377 in the Molecular Biology
Core Facility of the Medical College of Georgia.

Isolation and Purification of Plasmid DNA

Large-scale preparations of DNA of promoter-reporter con-
structs were obtained by modified alkaline lysis as described
[23, 24]. The JM109 bacterial pellet was collected by a brief
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centrifugation of 150–250 mL of Luria-Bertani medium
overnight culture. The cell lysate was prepared by using
equal volumes of Solution I (50 mM of glucose, 25 mM of
Tris z Cl, pH 8.0, and 10 mM of EDTA), Solution II (0.2 N
of NaOH and 1% SDS), and Solution III (3 M of potassium
and 5 M of acetate), and DNA was precipitated by
isopropanol. Then the recovered DNA was incubated with
RNase in TE buffer (10 mM of Tris z Cl and 1 mM of
EDTA, pH 8.0) followed by phenol/chloroform extraction
and precipitation by ethanol. The purity of the plasmid
DNA preparations was assessed (a) by electrophoresis in
1% agarose and (b) spectrophotometrically (260 nm to 280
nm ratio). The concentrations of the DNA preparations
were estimated by the optical density at 260 nm.

Transient Transfection of DNA into RASMC and
Luciferase Activity Assay

Transfection with Lipofectamine was used according to a
published procedure [24]. Briefly, plasmid DNA with
equimolar amounts of each DNA construct was mixed with
OPTI-MEM I reduced serum medium (Life Technologies)
to a final volume of 400 mL. To keep the total amount of
DNA (2 mg) constant, carrier DNA PGL3-Basic was
cotransfected with the smaller constructs. The DNA mix-
ture was gently added to an equal volume of diluted
Lipofectamine in OPTI-MEM (22 mL of Lipofectamine 1
378 mL of OPTI-MEM) and incubated at room temperature
for 15 min, whereupon a further 3.2 mL of OPTI-MEM was
added. This mixture was added in 1.2-mL aliquots to
triplicate wells of RASMC (80% confluent) in 6-well
plates, these cells being washed previously with PBS and
OPTI-MEM. After incubating at 37° for 5 hr, 0.3 mL of
OPTI-MEM containing 50% fetal bovine serum was added
to the cells (final concentration of fetal bovine serum,
10%), and the incubation was continued for another 8–10
hr. Then the transfected cells were changed to fresh
medium. Antibiotics were not present in the transfection
mixture during the transfection period. This method pro-
duces reproducible transfection efficiencies and thus allows
a significant number of transfections to be performed at any
one time. To control for the efficiency of transfections
between different constructs, a plasmid DNA containing a
cytomegalovirus promoter-driven b-galactosidase gene was
cotransfected. The luciferase activity of the iNOS promot-
er-reporter constructs was determined by the Luciferase
Assay System (Promega). The transfected cells were incu-
bated with LPS (5–10 mg/mL) or CM for the indicated
time. These concentrations are similar to those used by
other investigators in VSMC [18, 19]. After being washed
three times with PBS, cells were lysed with 0.75 mL of 1X
Cell Culture Lysis Reagent, and the luciferase activity in 20
mL of cell lysate was measured with the Luciferase Assay
Substrate (Promega) in a TD 20/20 luminometer (Turner
Designs). For each promoter-reporter construct, DNA from
at least two individual colonies was isolated, transfected,
and tested for promoter activity.

Nitrite/Nitrate Assay

Nitrite in RASMC culture supernatants was measured
spectrophotometrically using the Griess reagent [25]. Ni-
trate was reduced enzymatically to nitrite with nitrate
reductase (Boehringer Mannheim) before the Griess reac-
tion.

Statistical Analysis

Values are reported as means 6 SEM. Significant differ-
ences were estimated by t-test or ANOVA, as appropriate.
Statistical significance was established at P , 0.05.

RESULTS
Cloning, Sequence, and Analysis of the 5*-Flanking
Region of the Rat iNOS

Four DNA fragments with 0.404, 0.572, 3.28, and 5.2 kb of
the 59-flanking region of the rat iNOS were obtained by
polymerase chain reaction amplification from PvuII, SspI,
DraI, and ScaI DNA pools, respectively. The EcoRV DNA
pool was not amplified. All DNA fragments were cloned
into a luciferase containing vector, PGL3-Basic. The DNA
sequences of the 23.2-kb (23196 to 188) construct, as
well as of the 404 (2316 to 188) and 572 (2484 to 188)
bp, were determined by dye terminator chemistry on both
strands (Fig. 1). Analysis of the 23.2-kb 59-flanking region
of the rat iNOS gene (DNASIS version 3.6) showed the
presence of a TATA box, downstream from a number of
elements homologous to consensus sequences for the bind-
ing of transcription factors involved in the cytokine or LPS
induction of other genes. These include (among many) 29
copies of g-IRE, 2 copies of GAS, 3 copies of AP-1, 2 copies
of TNF response element (TNF-RE), 2 copies of CRE, and
2 copies of NF-kB, as shown in Fig. 1. The 23.2 rat iNOS
displayed a 55% sequence homology to the human iNOS
promoter [15] and 73% sequence homology to the mouse
iNOS promoter [8]. The downstream 1.7 kb of the 23.2
construct showed 98% sequence homology to the published
21.7-kb 59-flanking region of rat iNOS gene [16]. Figure 2
showed the sequence alignment analysis of two NF-kB
regions of rat, human, and mouse iNOS promoter. The
sequences of the downstream NF-kB binding site were well
conserved among rat, human, and mouse. In rat and mouse,
the sequences of the upstream NF-kB binding site were
identical, but the sequence in human showed low identity
compared with rat and mouse (Fig. 2).

Activation of iNOS in RASMC by Cytokines

To induce iNOS expression, RASMC were stimulated with
LPS or a mixture of IL-1b and TNF-a, and iNOS activity
was determined from the accumulation of the NO stable
product, nitrite. The level of total nitrite was determined by
the Griess reaction [25]. Unstimulated RASMC produced a
small amount of nitrite. The accumulation of nitrite in the
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medium could be detected at 6 hr after stimulation. At 24
hr, significant amounts of nitrite had accumulated in
response to LPS (72 mmol/L) and CM (158 mmol/L),
respectively (Table 1). Nitrite accumulation was inhibited
significantly by the NOS inhibitor L-NAME (Table 1).

Stimulation of Rat iNOS Promoter

The rat type II NOS promoter (3.2 kb)-luciferase gene
construct was transfected and induced in RASMC. The
promoter activity was induced in response to CM or LPS in
RASMC 24 hr post-transfection and continued to increase
for the next 48–72 hr. Figure 3 shows that the luciferase
activity could be detected after a 3-hr exposure to CM or
LPS; peak activation of iNOS promoter occurred after a
6-hr exposure to CM or LPS and declined significantly by
24 hr. This pattern of stimulation mirrors the time course of
accumulation of cyclicGMP, an indicator of iNOS induc-
tion in RASMC exposed to LPS [26]. Promoter activity
remained longer at peak levels following exposure to CM
than to LPS, and luciferase activity in response to CM was
also significantly higher than that in response to LPS at 12

and 24 hr. The higher promoter activity at 24 hr following
exposure to CM may explain the higher levels of nitrite
after exposure to CM for 24 hr (Table 1).

Localization of Cytokine and LPS Response Elements

To study the transcriptional regulation of the rat iNOS
gene promoter, constructs containing different lengths of
the 59-flanking region of iNOS were prepared and trans-
fected into RASMC. Promoter activities were studied after
6 hr of exposure to CM or LPS. The PGL3-Basic DNA
construct (without any promoter and enhancer) exhibited
38 6 9 light units of luciferase activity, and all five iNOS
promoter-reporter constructs exhibited similar basal activ-
ities (41–59 light units). The basal activities of PGL3-Basic
and five iNOS promoter-reporter constructs were not
statistically different from each other (P 5 0.45 by
ANOVA). The PGL3-Basic DNA construct did not re-
spond to stimulation by CM or LPS, and the 2316 bp and
2484-bp constructs containing a single NF-kB site, with
sequences identical to the corresponding regions of the
23.2-kb construct, responded only slightly to either CM or

FIG. 1. Nucleotide sequence of the rat iNOS 5*-flanking region.
The putative transcriptional site [16] is denoted as nucleotide
position 11 (bold). Positions of potential binding sites for
transcription factors are underlined and labeled with the homol-
ogy ratios in parentheses. The overlapping sites are labeled as
bold letters.
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LPS. However, the 21.7-kb construct exhibited a 13-fold
increase in luciferase activity in response to LPS or CM,
whereas both the 23.2-kb and 25.1-kb constructs pro-
duced a 24-fold induction in luciferase activity in response
to CM or LPS (Fig. 4). To control the efficiency of the
transfection between different lengths of constructs, galac-
tosidase gene driven by CMV promoter was cotransfected.
Very similar results were obtained from two additional
experiments and are shown in Fig. 5. These data suggest
that the cytokine and LPS responsive region or elements
are located in 20.484 bp to 23.2 kb upstream from the
putative transcription site in rat iNOS gene.

FIG. 2. Sequence alignment analysis of two NF-kB regions of rat, human, and mouse iNOS promoter. Numbers indicate the relative
position to the 11 transcription start site. The homologous nucleotides are indicated by dashes, and the missing bases are indicated by
dots. The putative transcriptional binding sites are boxed.

TABLE 1. NO production by RASMC and effect of L-NAME
on NO production

Nitrite levels (mmol/L)

2L-NAME 1L-NAME

Control 0.60 6 0.40 (7) 1.18 6 0.73 (5)
LPS 72.29 6 3.91* (6) 1.88 6 1.31† (4)
CM 158.35 6 21.32*‡ (6) 12.68 6 2.84† (4)

Confluent RASMC were incubated with LPS (10 mg/mL) or CM in the presence or
absence of 3 mmol/L of L-NAME for 24 hr. NO production was determined from
analysis of total nitrite accumulation. Values are means 6 SEM with the number of
determinations given in parentheses.

*P , 0.001, compared with control.
†P , 0.001, compared with the corresponding group without L-NAME.
‡P , 0.01, compared with LPS.

FIG. 3. Time study of rat iNOS promoter induction in response
to LPS and CM in RASMC. Luciferase activity was determined
in RASMC transfected with a 23.2 kb iNOS-luciferase con-
struct DNA and incubated with LPS (5 mg/mL) or CM for the
indicated time. Data are expressed as the percentage of the
highest luciferase activity induced by LPS or CM at 6 hr in each
set of determinations (mean 6 SEM) from three separate
experiments. The highest luciferase activity at 6 hr ranged from
584 to 2120 light units/20 mL lysate for LPS, and from 636 to
1778 light units/20 mL lysate for CM. *P < 0.04 and **P <
0.00002, compared to LPS.
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Regulation of the Rat iNOS Promoter by
Endogenous NO

It has been reported that NO may affect iNOS gene
expression [27–29]. To test this possibility, RASMC were
transfected with the 23.2-kb iNOS promoter-luciferase
construct. The cells were preincubated with 3 mmol/L of
L-NAME or 2 mmol/L of L-NMMA for 1 hr and then
stimulated by CM or LPS in the presence of the inhibitor
for 6 or 24 hr. Subsequently, the luciferase activities were
analyzed. L-NAME significantly inhibited NO production
(Table 1); however, neither L-NAME nor L-NMMA af-

fected the CM- or LPS-up-regulation of rat iNOS promoter
activity (Table 2).

DISCUSSION

Type II NOS can be induced in many species and cell types,
and the molecular regulation of this gene appears to differ
among cell types. For example, in a mouse macrophage cell
line, RAW 264.7, the promoter region that responds to LPS
contains only a single downstream NF-kB binding site [11].
However, in the VSMC cell line A7r5, it is the 2890-to
21002-bp region (also containing another NF-kB site) that
best responds to stimulation by cytokines [18]. Still, in
RASMC it is the 2234 to 131 region that appears crucial
in the induction of iNOS in response to cytokines [19].
These data demonstrate that with the same mouse iNOS
promoter, different cell types control iNOS induction
differently. Since the induction of iNOS in VSMC may be
an important factor in the hypotension, vascular hypore-
sponsiveness, and death associated with septic shock,
VSMC are an appropriate model for the study of iNOS
promoter regulation. Pharmacological control of iNOS
promoter activity may prove important for the study and
management of these pathologies. Primary cultures of
VSMC were used in this study since it has been reported
that VSMC cell line A7r5 does not possess the p50 subunit
that, together with p65, forms NF-kB [30]. We further
employed a homologous system (rat iNOS promoter trans-
fected into RASMC) to eliminate possible species differ-
ences in the regulation of iNOS.

LPS responsive elements are located exclusively within
2300 bp upstream from the transcriptional site of non-
mammalian iNOS gene in a chicken macrophage cell line,
HD11 [31]. In mice, however, 285 bp upstream of the
transcriptional start site is crucial in the response to LPS in
a transfected macrophage cell line [11]. An enhancer, also

FIG. 4. Inducibility of different length rat iNOS promoter constructs in response to LPS or CM in RASMC. The constructs containing
different lengths of the 5*-flanking region of iNOS are shown on the left with certain restriction sites and transcription factor binding
sites identified. Each construct DNA was transfected into RASMC. Luciferase activity was determined in RASMC incubated with LPS
(5 mg/mL) or CM for 6 hr following the transfection of the construct. Data are expressed as fold induction from the respective
unstimulated controls. Values are means 6 SEM (number of determinations). (a) P < 0.05 vs controls; (b) P < 0.01 vs controls; (c)
P < 0.0002 vs controls; and (d) P < 0.0004 vs the 21.7-kb construct.

FIG. 5. Cytokine and LPS induction in RASMC cotransfected
with b-galactosidase and different length rat iNOS promoter
constructs. Constructs containing different lengths of 5*-flank-
ing region of rat iNOS were transfected into RASMC. b-galac-
tosidase gene was cotransfected to correct for transfection
efficiency. Luciferase and b-galactosidase activities were deter-
mined in RASMC incubated with LPS (5 mg/mL) or CM for 6
hr following the transfection of the constructs. Data are ex-
pressed as the ratio of fold induction of luciferase to b-galacto-
sidase from the respective unstimulated controls. Values are
means 6 SEM from 3–5 determinations from two experiments.

1878 H. Zhang et al.



located upstream, mediates the synergistic effect of IFN-g
and LPS [12]. The responsive regions in both chicken and
mouse iNOS promoters contain a downstream NF-kB
binding site, suggesting that this factor may play an impor-
tant role in iNOS induction. Still, in humans, up to 23.8
kb of the promoter transfected in AKN-1 (a human liver
epithelial cell line) is unable to confer inducibility to LPS,
even though this region contains two putative NF-kB
binding sites. In humans, a full-length 216-kb promoter is
required for induction by a cytokine mixture even though
the full sequence and elements of this promoter are still
unknown [14]. In the present study, we found that 23.2
and 25.1 kb of the rat iNOS promoter confer a full and
equal activity in response to LPS and cytokines. The 2484-
and 2316-bp constructs show a slight inducibility even
though they contain one NF-kB binding site that is
identical to the mouse iNOS promoter (Fig. 2). Thus, in
RASMC, the elements responsive to LPS and cytokines in
the rat iNOS promoter require the region upstream of
2484 bp. It is possible that the induction of rat iNOS
promoter requires the coexistence of two NF-kB sites
and/or other additional elements. Further studies are
needed to locate these regions and elements. The 21.7-kb
construct containing two NF-kB binding sites is well
induced by both LPS and cytokines. However, the induc-
ibility of the construct is only 54% of the full promoter,
indicating that the 1.5 kb upstream from 21.7 kb contains
elements important in the regulation of iNOS induction.
Computer analysis reveals the presence of many putative
elements in this 1.5-kb region, including one copy of AP-1
and 9 copies of g-IRE. Our data differ from those of
Eberhardt et al. [16] in which the 21.7-kb rat iNOS
promoter shows only three-fold induction in response to
cytokines. The most likely reason for this difference may lie
in the Swiss 3T3 fibroblasts used by Eberhardt et al. to study

the induction of the rat iNOS construct, and this cell line
may exhibit different mechanisms of inducibility from those
of RASMC and may not be suitable for studying iNOS
induction.

Two reports have suggested that NO may influence
iNOS gene expression in liver and CNS glial cells [27, 28].
Weisz et al. [29] reported that L-NMMA, a competitive
inhibitor of NOS, significantly increases promoter activity
in a mouse macrophage cell line, RAW 264.7, transfected
with the mouse iNOS promoter. In the present study, rat
iNOS promoter appeared not to be feedback-regulated by
the enhanced levels of NO in RASMC because L-NAME
completely abolished NO production, but did not affect
promoter activity (Table 2). It is thus possible that VSMC
may have different regulatory mechanisms controlling
iNOS expression from those of RAW 264.7 cells.

This work was supported by Grant HL52958. We thank Dr. Richard
C. Venema for helpful discussion and suggestions and Ms. Aretha
Bogan for preparing the manuscript.
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