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1 Endothelin-1 (ET-1) and tumor necrosis factor « (TNFa) by their action on adipocytes have been
independently linked to the pathogenesis of insulino-resistance. In isolated adipocytes, TNFa induces
the expression of the inducible nitric oxide synthase (iINOS). The purpose of the present work was, in
the 3T3-F442A adipocyte cell line, to characterise TNFa-induced iNOS expression and to determine
whether or not ET-1 could influence TNFa-induced iNOS expression and NO production.

2 In differentiated 3T3-F442A, treatment with TNFa (20ngml~') induced the expression of a
functional iNOS as demonstrated by nitrite assay, Western blot, reverse transcription—polymerase
chain reaction and Northern blot analysis. TNFa-induced iNOS expression requires nuclear factor kB
activation, but does not necessitate the activation of the PI-3 kinase/Akt and P38—MAP kinase
pathways.

3 ET-1, but not ET-3, inhibited the TNFa-induced expression of iNOS protein and mRNA as well as
nitrite production. The effects of ET-1 were blocked by a specific ETA (BQ123, pA, 7.4) but not by a
specific ETB receptor antagonist (BQ788). 3T3-F442A adipocytes express the mRNAs for prepro-ET-
1 and the ET-A receptor subtype, but not for the ET-B subtype.

4 The inhibitory effect of ET-1 was not affected by bisindolylmaleimide, SB 203580 or
indomethacin, inhibitors of protein kinase C, p38-MAP kinase and cyclooxygenase, respectively,
and was not associated with cAMP production. However, the effect of ET-1 was partially reversed by
wortmannin, suggesting the involvement of PI3 kinase in the transduction signal of ET-1.

5 Differentiated 3T3-F442A adipocytes did not release ET-1 with or without exposure to TNFa,
although the mRNA for preproET-1 was detected in both pre- and differentiated adipocytes.

6 Thus, these results confirm that adipocytes are a target for circulating ET-1 and demonstrate that

the activation of the ETA receptor subtype can prevent TNFa-induced iNOS expression.
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Introduction

Endothelin-1 (ET-1) is a 21-amino acids vasoactive peptide
that was originally isolated from cultured porcine aortic
endothelial cells (Yanagisawa er al., 1988). At least three
closely related peptides termed ET-1, ET-2 and ET-3 have
been identified. These peptides share sequence homology and
arise through proteolytic processing (Russell & Davenport,
1999). In mammals, two ET receptor subtypes, coupled to
heterotrimeric G proteins, have been cloned and characterised
as ET-A and ET-B (Arai et al., 1990; Sakurai et al., 1990). ET-
1 is a nonselective agonist of both ETA and ETB receptor
subtypes, while ET3 is a preferential agonist of the ETB
receptor subtype. ET-1 is one of the most potent vasocon-
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strictors identified to date (Rubanyi & Polokoff, 1994).
However, besides its vascular effects, ET-1 exerts a wide
variety of actions on many tissues including white adipose
tissue. Indeed, ET-1 reduces lipoprotein lipase activity (Ishida
et al., 1992), inhibits the differentiation of preadipocytes to
adipocytes (Tanahashi er al, 1991; Hauner et al., 1994),
stimulates glucose uptake (Imamura et al., 1999; Wu-Wong
et al., 1999) and leptin production (Xiong et al., 2001).
Elevated plasma ET-1 levels are associated with insulin
resistance and have been observed in patients with type II
diabetes (Takahashi er al., 1990; Kawamura et al., 1992),
obesity (Ferri et al., 1995) or hypertension (Saito et al., 1990).
Although ET-1 acutely stimulates glucose uptake, chronic
treatment reduces insulin-dependent glucose uptake in both
3T3-L1 adipocyte and skeletal muscle (Ottosson-Seeberger
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et al., 1997; Ishibashi et al., 2000, 2001). These observations
suggest that ET-1 could be involved in the pathogenesis of
insulin resistance.

Tumour necrosis factor-a (TNF«) by its action on adipo-
cytes is also a key player in the generation of insulin resistance
(Hotamisligil, 2000). In adipocyte cell lines such as the 3T3-
F442A or 3T3-L1, TNFa, alone or in combination with other
cytokines, induces the expression of the inducible isoform of
nitric oxide synthase (iNOS) (Kapur et al., 1999; Merial et al.,
2000). Targeted disruption of iNOS protects against obesity-
linked insulin resistance (Perreault & Marette, 2001). There-
fore, the production of TNFe« and the induction of iNOS could
also be one of the pathways involved in the establishment of
syndrome X-linking obesity, type Il diabetes and hypertension.

In various cell types (HUVEC, monocytes, Kupffer and
ciliary epithelial cells), ET-1 is also able to induce iNOS
expression (Stephenson et al., 1997; Schena et al., 1999;
Prasanna et al., 2000). Furthermore, the induction of iNOS, by
TNFa or other cytokines, could be positively or negatively
regulated by ET-1 (glial, vascular smooth muscle or mesangial
cells, Beck et al., 1995; Hirahashi et al., 1996; Ikeda et al.,
1997; Oda et al., 1997, Murayama et al., 1998). However, in
adipocytes, the effect of ET-1 on iNOS expression remains
unknown.

In order to further substantiate a potential role of ET-1 in
the pathogenesis of insulin resistance and syndrome X, the
purpose of the present work was to determine, in an adipocyte
cell line that does express iNOS in response to TNFa, the 3T3-
F442A (Merial et al., 2000), whether or not this peptide could
induce iNOS expression or modulate TNFo-induced iNOS
expression and NO production and whether or not these
adipocytes could produce ET-1.

Methods

Experiments were performed on 3T3-F442A cells. These cells
are unipotent and fibroblast-like cells which undergo differ-
entiation to mature fat cells filled with large lipid droplets
when stimulated with 10% foetal bovine serum
(FBS) +insulin. In this cell line, TNFo leads to a time- and
concentration-dependent increase in iNOS induction (Mérial
et al., 2000).

Cell culture

The 3T3-F442A preadipocyte cell line (passage 5—15) was
cultured until confluence in a medium consisting of Dulbecco’s
modified Eagle’s medium (DMEM) supplemented with 10%
donor calf serum and an antibiotic mixture (500 Uml™!
penicillin and 50 ugml™" streptomycin) in a 95% air-5%
CO, humidified atmosphere at 37°C. At confluence, cells were
differentiated by incubation in DMEM supplemented with
10% foetal calf serum and 100nM insulin. The medium was
changed every other day. At 10 days after differentiation, cells
were maintained overnight in a serum-deprived medium
containing 0.1% bovine serum albumin (BSA) and treated as
described in the Results section. After treatment, supernatants
were collected for nitrite determination and cells were stored at
—20°C until analysis.

Measurements of nitrite production

Nitrite concentration was assessed in cell supernatants using a
kit based on the Griess reaction (Cayman Chemicals, Ann
Arbor, MI, U.S.A.). After 10min at room temperature,
absorbance was read at a wavelength of 540nm (iEMS,
Labsystem, France). The nitrite concentrations were calculated
from a standard curve obtained with increasing concentrations
of NaNO,; (0-35 um).

Western blot analysis

Cells were washed twice with phosphate-buffered saline and
collected. After brief centrifugation (1000 x g, 2 min, 4°C), cell
pellets were resuspended in 200 ul of lysis buffer (RIPA buffer,
Roche, Meylan Cedex, France). The lysate was then centri-
fuged at 13,000 xg for 15min at 4°C and the protein
concentration of the supernatant was determined using the
method of Lowry. For iNOS detection, 70 ug proteins were
resolved by electrophoresis on 3-8% Tris-acetate gels
(NuPage , Invitrogen, Groningen, The Netherlands) under
denaturing conditions. After transfer to nitrocellulose mem-
branes (Amersham Pharmacia Biotech, Saint-Quentin en
Yvelines, France) and Ponceau staining to verify equal loading
of the lanes, membranes were blocked overnight in 10 mm Tris-
HCI, 100mm NaCl, 0.15% Tween-20 and 5% milk fat at 4°C
and then incubated at room temperature with the primary
antibody (polyclonal mouse anti-iINOS diluted 1:5000, BD
Transduction Laboratories, Lexington, KY, U.S.A.) for
90 min. After three washes, nitrocellulose membranes were
incubated with the secondary antibody (anti-mouse immuno-
globulin conjugated with horse-radish peroxidase diluted
1:2000, Amersham Pharmacia Biotech) for 45 min. Immuno-
blots were washed three times and the immunocomplexes were
detected using a chemiluminescence reagent kit (ECL plus,
Amersham Pharmacia Biotech). A protein extract from murine
macrophages (RAW 264.7) treated with a mixture of inter-
ferony (IFNy, 10ngml™") plus lipopolysaccharide (LPS
1 ugml~") was used as a positive control for iNOS.

Extraction of RNA and reverse transcription—polymerase
chain reaction

Total RNAs were extracted with the RNAqueous-4 PCR
protocol (Ambion, Austin, Texas, U.S.A.) and 2ug were
reverse-transcribed with oligo dT in accordance with the first-
strand cDNA synthesis protocol from Amersham Pharmacia
Biotech (Saint-Quentin, France). PCR reactions were per-
formed in 100 ul of a solution containing 10 mm Tris-HCI (pH
8.3), 1.5mmMm MgCl,, 0.2mm dNTP, 2 ul of single-strand cDNA
preparation, 0.3 um of each primer and 2 units of Amplitaq
gold polymerase (Perkin-Elmer, Courtaboeuf, France). A 30-
cycle program at 94°C for 1 min, 60°C for 2min and 72°C for
2min, a hot start at 94°C for 9min and a final extension at
72°C for 8 min was performed. The forward and reverse PCR
primers were specific to the positions 1819—1842 and 2347—
2370 for mouse iNOS (Kone et al., 1995). The other used
primers were localised to the positions 166—189 and 495-518
for mppET-1 (accession number: AB081657), to the positions
999—-1020 and 1546—1570 for mETAR (accession number:
BC008277) and to the positions 653—674 and 1219—1240 for
mETBR (accession number: BC026553). The PCR fragments
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were analysed by electrophoresis on a 1.5% agarose gel,
transferred onto a Hybond N membrane and hybridised with
o*?P-dCTP radiolabelled oligonucleotide using terminal trans-
ferase (Amersham Pharmacia Biotech). The probe containing
the nucleotides 2065-2086 of the iNOS sequence was used.
The specific probes of mppET-1, mETAR and mETBR
correspond to the nucleotides 319-342 of the mppET-1
sequence, 1320—1342 of the mETAR sequence and 1069—
1090 of the mETBR sequence, respectively. Membranes were
hybridised for 16h at 42°C in a buffer containing a five-fold
concentrated standard saline citrate, five-fold concentrated
Denhardt’s solution, 100 ugml™"' tRNA and 0.1% wv~' SDS.
After two washes at 50°C for 30 min in SSC 2X supplemented
with 0.1% wv~' SDS, membranes were exposed to BioMax
MS film (Kodak, Chéalon-sur-sadne, France) for 1h at
—70°C with two intensifying screens. G3PDH primers and
probes (Clontech) were used in order to verify equal loading
on lanes.

Northern blot analysis

After extraction, total RNA was dissolved in a solution
containing 50% (vv™') formamide, 2M formaldehyde,
40mM  3-N-morpholinopropanesulphonic acid (MOPS,
pH 7), 10mM sodium acetate, 1 mm EDTA, 0.01% bromo-
phenol blue and xylene cyanol. RNA samples were heated
for 10min at 65°C and then loaded onto 1% denaturated
agarose gel. After electrophoresis, mRNAs were transferred
to a Hybond N* membrane in the presence of SSC 10 x .
The membrane was incubated for 16h at 68°C in Express
Hyb solution (Clonetech, Basingstoke, U.K.) containing
10°cpmml~" of specific radiolabelled probes (iNOS and -
actin ¢cDNA). The membranes were then washed two
times in SSC 2 x supplemented with 0.1% SDS for 5min
at 35°C and two times in SSC 0.1 x supplemented with
0.1% SDS for 30min at 65°C. The radioactivity was
measured with a fluorescent image analyser FLA-200
(FujiFilm Co., Tokyo, Japan). For each lane, the radioactivity
was normalised with the corresponding signal obtained
for p-actin.

ET-1 determination

Cells were treated or not in the presence of TNFu
(20ngml~!, 20h) and/or phosphoramidon (6h, 100 um; a
nonselective inhibitor of the putative ET-1-converting
enzyme) and the accumulation of ET-1 was measured in the
supernatant. After treatment, the culture medium was
separated in 100 ul aliquots and frozen at —20°C until assay.
ET-1 levels were determined with an enzyme-linked immuno-
sorbent assay kit (Amersham Pharmacia Biotech). At the
same time, positive controls were performed with two
cell lines: human umbilical vein endothelial cells and the
human epithelial cell line (A549) which produce a phospho-
ramidon-sensitive and time-dependent accumulation of ET-1
in the culture medium (Deprez-Roy et al., 2000). The
specificity of the assay was verified with ET-1, ET-2,
ET-3, big-ET-1 (1-38), Big ET-1 C-terminal fragment
(22-38), ET-1 C-terminal fragment (11-21) and a fragment
which includes the cleavage site (19—26). The kit recognised
both ET-1 and ET-2 but did not crossreact with the other
peptides tested (<3%).

Cyclic AMP determination

For cyclic AMP assays, after treatment, cells were collected in
HCl (0.1~) and then frozen at —20°C. Samples were first
acetylated by the addition of acetic anhydride/triethylamine
(1:2) and cyclic AMP levels were assessed by immunoassay
(R&D System, Abington, U.K.).

Cell viability

The cell viability after treatments was measured by detection
of lactate dehydrogenase (LDH) activity in the culture medium
by the use of a cytotoxicity detection kit (Cytotoxicity Detect
kit, Roche, Meylan cedex). In the present work, none of the
compounds, under similar experimental conditions at their
highest concentrations, increased LDH activity in 3T3-F442A
differentiated adipocytes.

Materials

All chemicals were purchased from Sigma (Saint-Quentin
Fallavier, France). DMEM and donor calf serum were
obtained from Life Technologies (Cergy Pontoise, France)
and foetal calf serum came from AbCys (Paris, France).
Proteins were assessed by the kit Bio-Rad DC Protein (Bio-
Rad Laboratories, Ivry/Seine, France).

Statistical analysis

Values are expressed as means+standard error (s.e.m.) and
were analysed by a one-way ANOVA followed by a Dunnett’s
test for multiple comparison. n indicates the number of
independent experiments (different passage) performed in
duplicate or quadruplicate. P was considered significant when
<0.05. The EDs, (concentrations of endothelin causing half-
maximal inhibition of TNFa-induced nitrite production) were
calculated by using the Michaelis—Menten equation and
nonlinear regression that included all data points. The pA,
value was calculated following Tallarida’s method (Tallarida
et al., 1979).

Results
TNFa-induced iNOS expression in 3T3-F442A4

In response to TNFo (20ngml™', 20 h) both preadipocytes and
differentiated adipocytes expressed iNOS protein as observed
by Western blot (Figure la). The iNOS expression was
associated with nitrite production in the cell supernatant. A
significant increase in nitrite concentration was observed after
TNFo treatment in both preadipocytes and differentiated
adipocytes, but the nitrite accumulation was significantly
larger in differentiated cells than in preadipocytes (P<0.01,
Figure 1b). This accumulation of nitrites was significantly
inhibited in a concentration-dependent manner by L-nitroar-
ginine methyl ester (L-NAME: 10 uMm—1mwM, Figure 1c) and
abolished by aminoguanidine (1 mM) or S-methyl-isothiourea
(1 mm) (data not shown).

In differentiated adipocytes pretreated 1h before the
induction of iNOS by TNFa (10ngml~!, 20h) with either
tosyllysine chloromethylketone (TLCK, 50—-200 um) or pyrro-
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Figure 1 TNFa-induced iNOS expression in 3T3-F442A. (a)
Preadipocytes and 10 days-differentiated 3T3-F442A cells were
treated or not for 20 h with TNFa« (20 ngml™"). Protein extracts were
analysed by Western blot using specific NOS antibodies. Repre-
sentative blots from three independent experiments are shown. A
protein extract from murine macrophages (RAW 264.7) treated with
a mixture of IFNy (10ngml~") plus LPS (1 ugml~') was used as a
positive control for iNOS. (b) TNFo-induced nitrite production on
preadipocytes and differentiated adipocytes. Results are expressed as
mean+s.e.m. from three independent experiments performed in
duplicate. § indicates a statistically significant difference between
control and TNFa-treated cells, while * indicates a statistically
significant difference between preadipocytes and differentiated
adipocytes (one-way ANOVA followed by a Dunnett’s post hoc
test, P<0.05). (c) TNFu-induced nitrite production in differentiated
adipocytes and NO-synthase inhibition. Results are expressed as
mean+s.e.m. from three independent experiments performed in
duplicate. * indicates a statistically significant difference induced by
the treatment with L-NAME (one-way ANOVA followed by a
Dunnett’s post hoc test, P<0.05). Complete inhibition of TNFa-
induced nitrite production was also obtained with aminoguanidine
(1 mm) or S-methyl-isothiourea (1 mm; data not shown).

lidine dithiocarbamate (PDTC, 50—200 um), two inhibitors of
nuclear factor kB (NF-xB), the nitrite accumulation and the
iINOS protein expression were inhibited in a concentration-
dependent manner. This inhibition was statistically significant
for concentrations of 100 um and above for TLCK, but only at
the highest concentration tested for PDTC (Figure 2). Under
the same experimental conditions, an inhibitor of p38 MAP
kinase, SB 2033580 (1 and 10 um) and a PI-3 kinase inhibitor,
wortmannin (5 and 50 um) did not affect TNFa-induced NO
production (Figure 3) and iNOS expression (data not shown).
In contrast, a structurally different PI-3 kinase inhibitor, LY
294002 (1, 3 and 10 um) produced a concentration-dependent
inhibition of TNFa-induced nitrite production that was
statistically significant at the two highest concentrations tested

(Figure 3), but this compound did not affect the iNOS
expression (data not shown).

ET-1 and TNFo-induced iNOS expression in
differentiated 3T3-F442A

Differentiated adipocytes were submitted to increasing con-
centrations of ET-1 (10 pm—100nm) for 20h in control or in
TNFa-treated adipocytes (ET-1wasadded 15 minbefore TNFa).
Nitrite determination and Western blot analysis showed that
ET-1 alone did not induce any significant changes in nitrite
accumulation or increase in iNOS expression (data not
shown). However, the addition of ET-1 to cells treated with
TNFo led to a concentration-dependent decrease in iNOS
mRNA expression, iNOS expression and nitrite accumulation
(EDsy 4.2 nm) that was significant at 10 and 100 nm (Figures 4,
5). In contrast, ET-3 (10pMm—100nM) did not significantly
decrease TNFa-induced nitrite production (Figure 6).

Cells were treated with increasing concentrations of the
specific antagonist of the ET-A receptor subtype (BQ123, 30,
300 and 3000 nM) or with the specific antagonist of the ET-B
receptor subtype (BQ788, 100 nm). Then cells were treated or
not with increasing concentrations of ET-1 (0.1-100nM) and
TNFo (20ngml™, 20h). BQ123 or BQ788 alone did not affect
TNFa-induced nitrite production. However, BQ123 provoked
a concentration-dependent shift to the right of the ET-1
concentration—response curve (pA, 7.4; slope of the Schild
plot: 0.8 +0.2), while BQ788 was ineffective (Figure 7).

Expression of ET-1 and mRNA for ET-1 receptor
subtypes in 3T3-F442A4

In preadipocytes (data not shown) and differentiated 3T3-
F442A adipocytes, the mRNA encoding for preproET-1 and
the ET-A receptor subtype was detected by RT-PCR.
However, those cells did not express the mRNA for the ET-
B receptor subtype. The presence of TNFo (20ngml~!, 20 h)
did not affect the expression of those mRNAs either in
preadipocytes or differentiated 3T3-F442A  adipocytes
(Figure 8).

In the culture medium from 3T3-F442A, treated or not in
the presence of TNFx (20ngml™', 20 h) and/or phosphorami-
don (6 h, 100 um; a nonselective inhibitor of the putative ET-1-
converting enzyme), the level of ET-1 was below the threshold
of the detection value of the kit (12.5pgml™").

ET-1 transduction pathway

Cells were treated or not for 30min, 2 or 4h with TNF«
(20ngml1™') in the presence or absence of ET-1 (10nm). The
intracellular cAMP content was determined. No significant
changes in cAMP levels could be observed after these
treatments, when compared to controls (<2 pmolml™).

Cells were treated for 20h with TNF« (20ngml™') in the
presence or not of ET-1 (10nM) and/or various inhibitors:
bisindolylmaleimide (a nonselective inhibitor of PKC, 10 um),
indomethacin (a nonselective inhibitor of cyclooxygenase,
10 um), SB 203580 (10 um) and wortmannin (50 um). These
inhibitors did not per se alter the basal levels of nitrite or the
production of nitrite after TNFu stimulation (data not shown).
Indomethacin, bisindolylmaleimide and SB 203580 did not
reverse the inhibition by ET-1 of TNFa-induced nitrite
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Figure 2 TNFa-induced iNOS expression and involvement of NF-«B in differentiated 3T3-F442A adipocytes. Differentiated 3T3-
F442A adipocytes were treated or not for 20 h with TNFu in the presence of increasing concentrations of two NF-xB inhibitors,
TLCK (50—200 um) or PDTC (50—200 um). Nitrites were assessed in cell supernatants. Results are expressed as mean +s.e.m. from
three independent experiments performed in duplicate. * indicates a statistically significant difference versus TNFa-treated cells
(one-way ANOVA followed by Dunnett’s post hoc test, P<0.05). iNOS protein was detected by Western blot. A representative
autoradiography from three independent experiments performed in duplicate is shown.

accumulation, but wortmannin produced a partial but
significant inhibition of the ET-1 effect (Table 1). In contrast,
LY 294002 (1, 3 and 10 um) amplified the inhibitory effect of
ET-1 (Table 1).

Discussion

This study confirms that TNFo induces iNOS expression in
3T3-F442A adipocytes (Mérial et al., 2000) and further shows
that ET-1 produces a concentration-dependent inhibition of
the mRNA and protein expressions of iNOS through the
activation of the ETA receptor subtype.

TNFa stimulation produced a significant expression of the
iNOS protein in both preadipocytes and differentiated
adipocytes. The iNOS protein was functional as the nitrite
accumulation, an index of NO production (Ignarro et al.,
1993), was quantifiable and inhibited by known inhibitors of
NOS. The nitrite production was markedly more pronounced
in differentiated adipocytes than in preadipocytes, confirming
earlier results in the same cell line and in 3T3-L1 adipocytes
(Kapur et al., 1999; Mérial et al., 2000).

The expression of iNOS is regulated in a cell-specific manner
(Paul et al., 1997). In 3T3-F442A, the effects of TNFa on
nitrite production and iNOS protein expression were inhibited
by both TLCK and PDTC, two structurally different
inhibitors of NF-xB activation, suggesting the involvement
of this nuclear factor. These observations are in line with
earlier works showing that several NF-xB-binding motifs are
present in the promoter of the murine iNOS gene and that NF-
kB activation is critical for its expression (Lowenstein et al.,
1993). In numerous cell types, the induction of iNOS, by TNFa,
cytokines or LPS, requires MAP kinase-mediated NF-xB
activation (Kan et al., 1999; Pahan et al., 1999). In the present
study, the activation of p38 MAP kinase has been ruled out
since the expression of iNOS protein and the nitrite

accumulation was not affected by a specific inhibitor of
P38—-MAP kinase, SB203580, studied at a concentration which
is effective in 3T3 adipocytes (Konrad et al., 2001). In
differentiated 3T3-L1, in response to TNFa, the p44/42 kinase
pathway appears to be involved in the nuclear translocation of
NF-xB (Jain et al., 1999). Depending on the cell type, TNFa-
induced NF-kB activation could require the PI-3 kinase/Akt
(protein kinase B) stimulation (Ozes et al., 1999) or, in
contrast, inhibition of this pathway can enhance the expression
of NO synthase (Pahan et al., 1999). In the present study, two
structurally distinct inhibitors of PI3 kinase, wortmannin and
LY 294002 did not affect iNOS protein expression as observed
with Western blots. However, if the former was ineffective,
even at a high concentration, in inhibiting TNFa-induced
nitrite production, the latter produced a concentration-
dependent inhibition. These inhibitory effects of LY 294002
were not associated with any apparent toxicity of this
compound (or of wortmannin) as measured by LDH activity.
However, LY 294002 is a less specific inhibitor of PI3 kinase
than wortmannin (Davies et al., 2000). A direct inhibitory
effect of LY 294002 on iNOS activity in murine astrocytes has
previously been reported (Jung et al., 1999). Alternatively, LY
294002 can inhibit other proteins, such as FK506-binding
protein 12-rapamycin-associated protein, involved in iNOS
phosphorylation and activity (Sahl et al., 1998). Altogether,
these results suggest that TNFa-induced iNOS expression
requires NF-xB activation, but does not necessitate the
activation of the PI-3 kinase/Akt and P38—MAP kinase
pathways.

In the present study, ET-1 produced a concentration-
dependent inhibition of the TNFa-induced iNOS mRNA
expression, protein expression and nitrite production. The
inhibitory effect of ET-1, a nonspecific agonist of endothelin
receptor subtypes, was not mimicked by ET-3, a preferential
agonist of the ETB receptor subtype. Furthermore, the specific
antagonist of the ETA receptor subtype, BQ123 (Ihara et al.,

British Journal of Pharmacology vol 139 (5)
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Figure 3 TNFa-induced iNOS expression and involvement of PI3-
kinase in differentiated 3T3-F442A adipocytes. Differentiated 3T3-
F442A adipocytes were treated or not for 20h with TNF« in the
presence of increasing concentrations of two PI3-kinase inhibitors,
wortmannin (5 and 50 um, top panel) and LY 294002 (1-10 um,
bottom panel). Nitrites were assessed in cell supernatants. Results
are expressed as meanz+s.e.m. from three to six independent
experiments performed in duplicate. * indicates a statistically
significant difference versus TNFo-treated cells (one-way ANOVA
followed by Dunnett’s post hoc test, P<0.05).

1992), produced a concentration-dependent inhibition of the
effects of ET-1, with a pA, value consistent with its previously
reported affinity. In contrast, the selective ETB antagonist,
BQ788 (Ishikawa et al., 1994), was without effect. The
concentrations of BQI123 chosen for the present study are
within the range of the specificity of this compound for the
ETA receptor subtype. However, the concentration of BQ788
chosen is well over the IC50 for this compound towards ETB
receptor (& 100-fold) and slightly less than its IC50 for the
ETA receptor (~10-fold) (Bax & Saxena, 1994). Altogether,
these results indicate that the inhibition of TNFa-induced
expression of iNOS by endothelin involves exclusively the ETA
receptor subtype. These results were further confirmed by
RT-PCR experiments showing that the 3T3-F442A adipo-
cytes expressed the mRNA for the ETA but not for the ETB
receptor subtype. A similar mRNA expression was observed in
the 3T3-L1 adipose cells (Idris et al., 2001; Xiong et al., 2001),
while human adipocytes and murine fat pads express the
mRNA for the two receptor subtypes (Engeli et al., 2001,
Xiong et al., 2001). ET-1-induced inhibition of iNOS induction
by stimulation of an ETA receptor subtype has also been
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Figure 4 Effect of ET-1 on TNFa-induced iNOS expression in
differentiated 3T3-F442A adipocytes. Differentiated 3T3-F442A
adipocytes were treated for 20h with TNF« in the presence or
absence of increasing concentrations of ET-1. Nitrite levels were
determined in the cell supernatant and protein extracts were
analysed by Western blot using specific NOS antibodies. A
representative autoradiograph taken from three independent experi-
ments is shown. Results are expressed as mean +s.e.m. from three
independent experiments. * indicates a statistically significant
difference induced by ET-1 when compared to TNFa alone (one-
way ANOVA followed by a Dunnett’s post hoc test for multiple
comparison, P<0.05). A representative autoradiography of three
independent experiments is shown. A protein extract from murine
macrophages (RAW 264.7) treated with a mixture of IFNy
(10ngml™") plus LPS (1 ugml™") was used as a positive control for
iNOS.

observed in mesangial, vascular smooth muscle or lung
epithelial cells (Beck et al., 1995; Hirahashi et al., 1996; lkeda
et al., 1997; Markewitz et al., 1997). Whether or not the
inhibition of iNOS expression by ET-1 in 3T3-F442A cells is at
the level of gene transcription or due to a decrease in the
stability of iNOS mRNA is unknown at present.

In 3T3-F442A, as in many other cells, agents that increase
cAMP levels inhibit the expression of iINOS (Galea &
Feinstein, 1999; Merial et al., unpublished observations).
Furthermore, in glial cells, the inhibition of iNOS expression
by an acute treatment with ET-1 is attributed to cAMP
elevation (Oda ef al., 1997) linked to cyclooxygenase activation
(Sokolovsky, 1995). However, in the present study, the
inhibitory effect of ET-1 was not affected by an effective
concentration of indomethacin (Yu et al., 1995), a nonspecific
cyclooxygenase inhibitor, and was not associated with a rise in
cAMP, thus ruling out this pathway. Alternatively, following
the activation of the ETA receptor, the major pathways linked
to the transduction signal are the three kinases: protein kinase
C, PI-3-kinase and MAP kinase (Douglas & Ohlstein, 1997).
However, bisindolylmaleimide, the nonselective inhibitor of
protein kinase C and SB 203580, an inhibitor of the p38-MAP
kinase, were ineffective, at concentrations which have been
proved to be active in 3T3 cell lines (Feve et al., 1995; Konrad
et al., 2001), ruling out these pathways. In contrast,
wortmannin, though at an elevated concentration, partially
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Figure 5 Effect of ET-1 on TNFa-induced iNOS mRNA expres-
sion in differentiated 3T3-F442A adipocytes. Differentiated 3T3-
F442A cells were treated for 20h with or without TNFux in the
presence or absence of ET-1 (10nMm). (a) mRNA extracts were
analysed by RT-PCR. A representative autoradiography taken
from two independent experiments is shown. (b) mRNA were also
analysed by Northern blot. A representative autoradiography is
shown. (c) Results of densitometric analysis are presented and
expressed as mean+s.e.m. from two independent experiments (the
radioactivity was normalised with the corresponding signal obtained
with f-actin).

but significantly inhibited the effect of ET-1, suggesting the
involvement of PI3-kinase. The effects of the structurally
different inhibitor of PI3-kinase, LY 294002, were difficult to
interpret because of its intrinsic inhibitory effect on TNFa-
induced nitrite production. In 3T3-L1 adipocytes, the ET-1-
induced acute and chronic stimulation of glucose transport as
well as heterologous insulin desensitisation are mediated by
ETA receptor activation. The latter involves PI3-kinase
activation (Ishibashi et al., 2001) while the involvement of
this pathway in ET-1-induced glucose transport is more
controversial (Wu-Wong et al., 1999; Imamura et al., 1999;
Ishibashi et al., 2000; Park et al., 2001). In 3T3-F442A
adipocytes, the precise signalling pathway of the inhibition by
ET-1 of TNFua-induced iNOS expression remains to be
established.
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Figure 6 Effect of ET-3 on TNFa-induced iNOS expression in
differentiated 3T3-F442A adipocytes. Differentiated 3T3-F442A
adipocytes were treated for 20h with TNFa in the presence or
absence of increasing concentrations of ET-3. Nitrite levels were
determined in the cell supernatant and protein extracts were
analysed by Western blot. Results are expressed as mean+s.e.m.
from three independent experiments performed in duplicate. ET-3
did not produce any statistically significant inhibition (one-way
ANOVA followed by a Dunnett’s post hoc test for multiple
comparison, P>0.05). A representative autoradiography from three
independent experiments is shown. A protein extract from murine
macrophages (RAW 264.7) treated with a mixture of IFNy
(10ngml~") plus LPS (1 ugml~") was used as a positive control for
iNOS.

In endothelial and epithelial cells, ET-1 production is
inhibited by a nonspecific inhibitor of the putative endothe-
lin-converting enzyme, phosphoramidon, and is increased by
TNF«o (Kanse et al., 1991; Marsden & Brenner, 1992; Corder
et al., 1995; Deprez-Roy et al., 2000). In human adipose tissue
and cultured preadipocytes, the expression of the ET-1 gene
has been detected by RT—PCR and the secretion of big-ET-1
but not ET-1 has been measured in the culture medium,
suggesting that adipocytes lack the necessary converting
enzyme (Engeli et al., 2001). The present study partially
confirms these findings as 3T3-F442A cells express the mRNA
for prepro-ET1 but do not release the mature peptide, ET-1, in
the culture medium either in control conditions or after TNFa
treatment.

The results of the present study show that in contrast to its
effects on other cell types, ET-1 does not induce iNOS
expression in 3T3F442A adipocytes and inhibits TNFa-
induced iNOS expression. As iNOS itself is involved in
obesity-linked insulin resistance (Perreault & Marette, 2001),
this indicates a complex role for ET-1 in the adipocytes since
some of these effects, such as heterologous desensitisation of
insulin signalling in adipocytes, are in favour of the generation
of insulin resistance (Ishibashi er al., 2001), while others
(inhibition of iNOS expression, present study) would have the
opposite effect. Nevertheless, adipocytes are a target for
circulating ET-1 and could increase circulating ET-1 by
synthesising pre-proET-1. Whether or not a crosstalk between
adipocytes and endothelial cells, via endothelin and iNOs
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Figure 7 Endothelin receptor subtype involved in the regulation of
iNOS expression in differentiated 3T3-F442A adipocytes. Differ-
entiated 3T3-F442A cells were treated for 20h with TNFo and
increasing concentrations of ET-1 in the presence or not of the
specific ET-A antagonist (BQ123, top panel) or the specific ET-B
antagonist (BQ788, lower panel). Nitrite accumulation was assayed
in cell supernatant by the use of Griess reagents. Results are
expressed as mean+s.e.m. from three independent experiments
performed in duplicate.
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Figure 8 mRNA expression of preproET-1, ET-A and ET-B
receptor subtypes in differentiated 3T3-F442A adipocytes. Differ-
entiated 3T3-F442A cells were treated for 20 h with or without TNFo.
The total RNA extracts were analysed by RT-PCR from four
independent experiments. The PCR products were identified by
autoradiography in the presence of specific probes. Murine brain
(200ng mRNA, Clontech) were used as positive control for RT—
PCR experiments. Identical results were obtained in preadipocytes
(data not shown). +RT and —RT: with and without reverse
transcription, respectively.

Table 1 Effects of various inhibitors on the inhibi-
tion produced by ET-1-on TNFa-induced nitrite
accumulation in differentiated 3T3-F442A

Inhibition of TNFu-induced
nitrite accumulation (%)

ET-1 (10nm) 74+17
ET-1+indomethacin (10 um) 84+5
ET-1 (10nm) 78+8
ET-1+ bisindolylmaleimide (10 um) 7249
ET-1 (10nm) 64+1
ET-1+SB 203580 (10 um) 67+5
ET-1+ wortmannin (50 um) 39+6*
ET-1 (10nm) 64+7
ET-1+LY 294002 (1 um) 63+11
ET-1+LY 294002 (3 um) 7449
ET-1+LY 294002 (10 um) 84+6*

Data are shown as mean +s.e.m. of three to four experiments
performed with cells studied at three different passages (in
duplicate for indomethacin and bisindolylmaleimide or
quadruplicate for SB 203580, wortmannin and LY 294002).
*indicates a statistically significant difference (ANOVA
followed by a Dunnett’s test for multiple comparison test,
P<0.05).

expression, is involved in the establishment of syndrome X
deserves further attention.
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