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In contrast to the thoroughly characterized mechanisms of positive regulation within cytokine
signaling pathways, our knowledge of negative feedback loops is comparatively sparse. We and
others have previously reported that IRAK-M down-regulates inflammatory responses to multiple
stimuli. In particular, we could show that the nitric oxide (NO) donor, GSNO, induces IRAK-M
overexpression in human monocytes. Here we study the expression of another important negative
regulator of cytokine signaling, SOCS-1, in human monocytes exposed to GSNO. The NO donor
induced significant levels of SOCS-1 mRNA and protein, 6 h and 16 h after stimulation,
respectively. Monocytes stimulated with GSNO for longer periods (24 h and 48 h) failed to express
IL-6 and IP-10 upon LPS challenge. In addition, and in line with previous reports of NO-mediated
induction of TNFe, we have found that exposure to this cytokine induces SOCS-1 mRNA in
human monocytes. A blocking antibody against TiNFapaired SOCS-1 expression upon GSNO
treatment and re-instated IL-6 and IP-10 mRNA levels after LPS challenge in cultures pretreated
with the NO donor. We conclude that NO stimulates SOCS-1 overexpression in a pathway at least
partially regulated by TN
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INTRODUCTION immune stimuli, has been identified in several cell
types?**NO stimulates anti-tumoral and anti-microbial

Nitric oxide (NO) regulates a wide range of biological activity in activated rat and murine macrophages, thus
activities in the nervous, vascular and immune systemglaying an important role in innate defense mechanisms
and is implicated in a number of different patholodgiés. in rodents. Expression of iINOS and concomitant
This highly reactive molecule is produced franargi-  increases in NO production has also been reported in
nine by an enzyme termed NO synthase (NOS). Amumans during bacterial infections, in septic patients and
inducible isoform of NOS (iNOS), mainly activated by in other inflammatory diseas&s?* However, and
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despite expressing iNOS, activated human monocyteAdditionally, inhibition of LPS-induced IL-6 production
generate, at leadt vitro, much lower amounts of NO has been demonstrated in RAW cells that overexpress
than murine macrophages challenged with lipopolysacSOCS-1; this occurs through a mechanism that involves
charide (LPS) or cytokin€®2® Thus, while in mouse JAK2 and STATS® Other authors have suggested that
and rat models of inflammation activated macrophageSOCS-1 limits the extent of TLR signaling indirectly, by
represent the major source of Ni@®,vitro studies indi-  inhibiting type | IFN signaling, but not the main MB-
cate that in humans NO is mainly produced by local respathway'®
ident cells such as renal mesangial cells and colon Based on these findings, we hypothesized that NO
epithelial cells, not by monocytes/macrophatjg82° modulates the expression of SOCS-1 in human mono-
In spite of this fundamental difference between humarytes. Furthermore, and since NO is known to induce
and rodents, it is well documented that human monoTNF-a release from monocytes and macrophdfs?
cytes/macrophages are exposed to low concentrations ok also examined whether TNFis implicated in the
NO in the blood in either normal or pathological condi-regulation of SOCS-1 by NO. Using the NO donor S-
tions. For instance, smooth muscle and endothelial cellsitrosoglutathione (GSNO), we show here for the first
produce low amounts of this molecule under normatime that the exposure of human monocytes to NO
conditions to maintain the vascular t6#&°Nitric oxide  induces both SOCS-1 mRNA and protein expression,
produced by these cells can diffuse into the blood andnd that this process involves the release of GINF-
interact with mononuclear blood cells. In addition,
macrophages that migrate to sites of inflammation are
exposed to NO produced by resident cE#&.This is, MATERIALSAND METHODS
for example, the case of septic shock patients, in whom
average serum concentrations of nitrite/nitrateReagents
(NO,/NO;), the stable products of NO decomposition,
rise to ~7QuM.3? S-Nitrosoglutathione (GSNO) and glutathione (GSH) were
It has been demonstrated that NO up-regulates negabtained from Biosensing (Berlin, Germany). Dr Chris
tive signaling pathways in human monocyt®¥,as Galanos (Max Planck Institute fur Immunobiologie,
mononuclear cells become refractory to LPS and/oFreiburg, Germany) generously provided LPS from
cytokine stimulation after exposure to NO dor6r8n Salmonella abortuAll other reagents, of the highest qual-
our efforts to unveil the molecular basis of these pathity commercially available, were obtained from Merck
ways, we have previously reported that NO inducegDarmstadt, Germany), Boehringer (Mannheim, Germany),
expression of IRAK-M a catalytically disabled mem- or Sigma (St Louis, MO, USA). The medium used for cell
ber of the IRAK family that exerts a negative control onculture was Dulbecco’s MEM (DMEM) from Gibco, UK.
the progression of inflammatory respon¥e&.In addi- The goat anti-SOCS-1 polyclonal antiserum, the mouse
tion, we and others were able to show that NO preventantif3-actin monoclonal antibody and the rabbit anti-ToNF-
activation of the IRAK cascade and the subsequerdntibody were purchased from Santa Cruz (Los Angeles,
translocation of NFB to the nucleu& CA, USA). CD-14-FITC was from eBioscience (San
Over the past 5 years, further molecules have beebDiego, CA, USA).
implicated in the down-regulation of inflammatory
responses. A critical regulator of cytokine signaling,
SOCS-1, was identified as an intracellular negativePMBC isolation and cell culture
feedback molecule that inhibits overactivation of the
JAK-STAT-mediated signal cascade through binding tdPeripheral mononuclear blood cells (PMBCs) were iso-
JAK.*-40n the other hand, overexpression of SOCS-1ated from the blood of healthy donors by centrifugation
impairs production of LPS-induced molecules such asn Ficoll-Hypaque Plus (Amersham Bioscience, The
IP-10 and IL-6%“®Interestingly, SOCS-1 knockout mice Netherlands). Cells were initially cultured for at least 2 h
show spontaneously elevated serum levels of proata density of 10cells/mlin DMEM supplemented with
inflammatory cytokines and suffer from multiple inflam- antibiotics (100 IU/ml penicillin and 100g/ml strepto-
matory diseases, from which they die around 3 weekmycin). After this period, the supernatant was removed
after birth#>44These symptoms coincide with hallmarks and the adherent cells were cultured in the same medium
of LPS-diseases in wild-type mi¢&*® Moreover, endo- supplemented with antibiotics (100 IU/ml penicillin and
toxin tolerance is strikingly impaired in macrophages100 pg/ml streptomycin) and 10% heat-inactivated nor-
from SOCS-1- mice, thus suggesting that SOCS-1mal serum (pooled from healthy volunteers). Cells were
down-regulates TLR signaling in parallel to IRAK- treated for different periods with a range of GSNO con-
M.4"#8Indeed, SOCS-1 overexpression suppressed LPS$entrations (from 0.5 nM to iM) as described below.
induced kB phosphorylation and NKB activity*® In other experiments, cells were treated with GSNO
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and/or TNFe (2 ng/ml) in the presence or absence of arb min at 95°C. Cycling profiles were as follows: for

anti-TNF-a antibody (from 50-300 ng/ml) for 16 h. Al TNF-a: 95°C for 10 s, 64°C for 10 s, and 72°C for 19 s;
reagents and medium used were endotoxin free, as testid IL-6: 95°C for 10 s, 50°C for 10 s, and 72°C for 16 s;
using Limulus Amebocyte Lysate kit (Bio Whittaker, for IP-10: 95°C for 10 s, 48°C for 10 s, and 72°C for 10
Walkersville, VA, USA). The homogeneity of cells was s; for SOCS-1: 95°C for 10 s, 63°C for 10 s, and 72°C
tested in every experiment by flow cytometry (anti-for 10 s, for IL-10: 95°C for 10 s, 68°C for 10 s, and

CD14-FITC staining). 72°C for 10 s.

RNA and protein isolation Primers

Cells were washed once in PBS and their RNA and proteifihe sequences of the primers used are as follows:
were isolated using TRI-Reagent (IMICO, Cincinnati, OH,TNF o sense: 5GCC TCT TCT CCT TCC TGA TCG T23
USA). To obtain cDNA, RNA was treated with RNAse- , .

e TNF-a antisense:'5SCTC GGC AAA GTC GAG ATA GTC G-3
free DNAse | (Amersham Biosciences), and reverse tran: , )
- : . : SOCS-1 sense!&BCG CGA CAC GCA CTT CCG CAC A3
scription was performed on g of this material using a _ ! ,

. . . SOCS-1 antisense'-5CG AAG AGG CAG TCG AAG CTC TCG-3
poly(dT) oligonucleotide primer (Roche, Palo Alto, CA,
T . . : IL-6 sense: 5TCG AAA TGT GGG ATT TTC CCA TGA GT-3
USA) in a final volume of 2Ql. Protein fractions were iso- _ )
. IL-6 antisense:'8BACT CAT GGG AAA ATC CCA CAT TTC GA-3
lated as recommended (Roche), and the final pellets were

. . . - IP-10 sense:'sCTG ACT CTA AGT GGC ATT-3
dissolved in a solution containing 1% SDS. .
IP-10 antisense!5'GA TGG CCT TCG ATT CTG-3

IL-10 sense: BATG CCC CAA GCT GAG AAC CA-3

IL-10 antisense:'5-TCT CAA GGG GCT GGG TCA GC*3
RT-PCR

These primers were synthesized, desalted and purified by
The RT-PCR was performed using a ‘One Step’ protocolZASA (Barcelona, Spain). For 18S mRNA detection, we
from Biotools (Kit Retrotools, Biotechnological and used the primers of QuantumRNA Classic 18S provided
Medical Laboratories, SA, Spain). by Ambion.

MRNA quantification Apoptosis assay

Expression levels of SOCS-1, IP-10, TFand 18S were Cells were washed and resuspended in PBS. The apopto-
analyzed by real-time quantitative PCR (LightCycler,sis assay was performed using an Annexin V-FITC/PI
Roche Diagnostics, Indianapolis, IN, USA), using cDNA Apoptosis Detection kit (Oncogene, Germany) accord-
obtained from Jug total RNA.Reactions were performed ing to the manufacturer’s recommendations. The stained
using a Fast-Start DNA master SYBR Green systencells were analyzed in a BD FACScalibur flow cytome-
(Roche) and specific primers. All results were normalter (San Jose, CA, USA) equipped with a 25-mW argon
ized with respect to the expression of the 18S gene, arddser. The proportion of apoptotic cells was quantified by
the cDNA copy number of each gene of interest waplotting the Annexin V-FITC versus the PI fluorescence.
determined using a 7-point standard curve. Standard

curves were run with each set of samples, the correlation

coefficients (?) for the standard curves being > 0.98. ToWestern-blot analysis

confirm the specificity of the reaction products in each

experiment, melting profiles were analyzed using theProteins were denatured by boiling in Laemmli buffer,
LightCycler. Profiles were recorded by maintaining theresolved on 12% SDS—PAGE gels in Tris/glycine/SDS
reaction at 80°C for 10 s and then raising the temperauffer (25 mM Tris, 250 mM glycine, 0.1% SDS), and
ture to 95°C at a linear rate of 0.1°C/s, while measuringransferred to Immun-Blot PVDF membranes (Bio-Rad,
the emitted fluorescence. Analysis of the melting curve€A, USA) at 300 mA for 1.5 h at 4°C. After blocking for
demonstrated that each pair of primers amplified a singlé h in 20 mM Tris-HCI, 150 mM NacCl, 0.2% Tween 20
product. In all cases, identity of this final product was(TBS-T) containing 5% non-fat milk, the membranes
verified by agarose gel electrophoresis; gels werevere washed three times in TBS-T alone and probed for
stained with 0.5ug/ml ethidium bromide and viewed 20 h with the antibody diluted in TBS-T (anti-SOCS-1;
under UV light to confirm that a single product of the Santa Cruz, CA, USA). Following washing in TBS-T,
predicted size was amplified. Each LightCycler PCR rurthe membranes were incubated with secondary HRP-
consisted of 45 cycles with an initial denaturation step o€onjugated (1:2000 dilutions) for 45 min and washed
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three times in TBS-T. The bound antibodies wereexperiments and used to calculate the mean + SD. The
detected using ECL Plus reagents according to the mastatistical significance was calculated using the unpaired
ufacturer’s instructions (Amersham—Pharmacia BiotechStudent'st-test; differences were considered significant
The Netherlands). atP values < 0.05.

IL-6 protein quantification by ELISA RESULTSAND DISCUSSION

Supernatants from cell cultures of human monocytes treatéditric oxide induces SOCS-1 gene expression in human
with different stimuli were used to analyze levels of IL-6 monocytes
protein production. The assay was performed using a human
IL-6 Instant ELISA (Bender MedSystem GmbH, Austria) As S-nitrosoglutathione (GSNO) slowly and sponta-
according to the manufacturer’s recommendations. neously releases NO, it is a potentiaVivo storage and
transport vehicle for this highly reactive molect#&3In
a previous work, we showed that human monocytes
Data analysis exposed to this NO donor overexpressed the negative
regulator of inflammation, IRAK-M? This pseudoki-
The number of experiments analyzed is indicated in eachase is also involved in endotoxin toleraffc®.0n the
figure. Data were collected from a minimum of threeother hand, exposure to NO attenuates interactions
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Fig. 1. SOCS-1 gene is overexpressed in human monocytes treated with low GSNO concentrations. Cultures of human monocytesfaete ti¢ated
24 h with the indicated concentrations of the nitric oxide donor, GSNO. Total RNA was isolated from the cells and cDNAesizesynsing a poly(dT)
primer. (A) RT-PCR products were separated in an agarose gel and stained with ethidium bromide. (B) Levels of SOCS-1 &Al &g8ensilon were

analyzed by real-time Q-PCR (LightCycler system). GSHN) was used as negative control. Data from one representative experiment arersh@jyn (
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Fig. 2. Time course of SOCS-1 gene expression in GSNO-stimulated monocyte cultures. Human monocytes were treatgvBBNbfor the times
indicated. (A) RT-PCR products were separated on an agarose gel and stained with ethidium bromide. (Control: no tres8@€8)1(Bhd 18S mRNA
levels were analyzed by Q-PCR (LightCycler system); the ratio between SOCS-1/18S is depicted. Positive control: cetis érbatgith 0.5.M DETA-
NONO-ate. (C) Human monocytes were treated with 10 ng/ml LPS for the indicated periods, the ratio of SOCS-1 and 18S mRiNA lexetesvas
determined as in (B). The results of one representative experiment are sko@n @ = Controls

between IRAK-1 and TRAF-6 and, as a consequenceffect is most probably due to NO release. We also stress
the activation of NB in murine macrophages and that no traces of endotoxin were detected in any of our
dendritic cells’® Thus, it appears that NO can disrupt thesolutions of NO donors, evaluated usiigmulus
LPS signaling pathway by inhibiting various elementsAmebocyte Lysate kit.
downstream of TLR engagement. Reports on the anti- We next examined the kinetics of SOCS-1 gene
inflammatory activity of the JAK-binding protein, expression at a fixed GSNO concentration (AN\d).
SOCS-1, and its implication in endotoxin tolerafic®, SOCS-1 mRNA levels were maximal 6 h after human
prompted us to analyze the effect of GSNO on SOCS-ionocytes exposure to GSNO, and remained signifi-
gene expression in human monocytes. cantly higher than background for about 30 h after stim-
As hypothesized, cell treatment with GSNO (from 0.5ulation (Fig. 2A,B). Similar results were obtained with
nM to 1 uM) resulted in a concentration-dependentan unrelated NO-donor; treatment for 6 h with Q\Ng
induction of SOCS-1 mRNA (Fig. 1). Of particular note, DETA-NONO-ate induced comparable levels of SOCS-
even GSNO concentrations as low as 5 nM induced sigt mRNA (Fig. 2B). Finally, we compared the levels of
nificant expression of the SOCS-1 gene. No SOCS-BOCS-1 mRNA expression due to GSNO with those
MRNA induction was detected whenuM GSH was observed after stimulation with 10 ng/ml LPS (Fig. 2C).
used instead of GSNO, indicating that the observe@omparison with Figure 2B reveals that maximum levels
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of induction are similar upon treatment with LPS ar
NO donors. The time course of monocyte responses
these stimuli is markedly different, however, as end
toxin already induces high SOCS-1 levels 1 hour afi
challenging.

Low NO concentrations do not affect monocyte viabili

As NO has been reported to induce programmed ¢
death in monocyte%;%° we wondered whether the
observed effect on SOCS-1 expression levels could
related to apoptotic processes. In our hands, howe
treatment with up to M GSNO did not affect culture
viability as shown by the low percentage ¢
AnnexinV/PI stained cells, which remained around 3
in all experiments (Fig. 3A). This apparent contradictic
can be explained by the fact that much higher doses
GSNO and/or other (related/unrelated) NO donors wse
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employed In most previous Investigations. IVloreove'vFig. 4. SOCS-1 protein is present in GSNO-treated monocytes. (A)
Human monocytes were culture in medium alone (0) or stimulated with
0.5uM GSNO for 6, 14, 24 or 48 h. Total protein was isolated and
quantified, and the expression of SOCS-1 was analyzed by Western
blotting using 15ug total protein and an anti-SOCS-1 polyclonal
antiserum. An anf-actin monoclonal was used as a control for loading.
The data of a representative experiment are showrj. (B) Total
protein was isolated and quantified from cultures of (1) human
lymphocytes, (2) THP-1 cell line, and from human monocytes either
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protein and an anti-SOCS-1 polyclonal antiserum. Anfaattin
monoclonal was used as a control for loading. The data of a representative
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Fig. 3. Exposure to low NO concentrations does not compromise
monocytes viability. (A) Human monocytes were treated with the
indicated concentrations of GSNO, medium alone (0), qugltl LPS
and 100 U/ml IFNy (LPS/IFN+) for 24 h before they were harvested,

washed and resuspended in PBS. Cells were double stained with Annexi

homogeneity of the human monocyte cultures was also
unaffected by NO treatment as determined by flow
cytometry (anti-CD14-FITC staining), which showed an
average of 90% of the cells expressing the specific sur-
face marker CD14 (Fig. 3B). These data suggest that the
observed effect on SOCS-1 regulation occurs mainly in
monocytes/macrophages (CD14 positive), while other
cells subtypes have minimal representation, if any.

SOCS-1 protein is expressed in human monocytes
exposed to NO

Having established that exposure of human monocytes

Jfo GSNO induces SOCS-1 up-regulation at the mRNA

V/PI and analyzed by flow cytometry. The proportion of cells stained for 1€vel, we examined cell extracts to determine whether
Annexin and PI is showmE 3). *P < 0.05 with respect to control cells
(0). (B) Human monocytes were treated with the concentrations of GSNO|gted with 0.5|J.M GSNO produced SOCS-1 protein as

indicated or medium alone for 24 h or 48 h before they were harvested,
washed and resuspended in PBS. Cells were stained with anti-CD14—FIT
and analyzed by flow cytometry. The proportion of cells stained for anti-

CD14—FITC is shownn(= 3). *Fraction of cells collected just after

isolation by centrifugation on Ficoll-Hypaque Plus.

this MRNA was also translated into protein. Cells stimu-

getermined by Western-blot analysis using a specific
antiserum. In contrast to the significant SOCS-1 mRNA
expression levels already seen after 6 h stimulation,
larger amounts of the protein were first observed 14 h
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Fig. 5. IL-6, IP-10 and IL-10 mRNA expression after LPS treatment in human monocytes pretreated with GSNO. Human monocytes atedequrette
with 0.5pM GSNO for 6, 24 or 48 h and then treated with 10 ng/ml LPS for additional 1 or 6 h and 6, 24 or 48 h. The relative manea$adevels of
IL-6 (A), IP-10 (B) and IL-10 (C) with respect to 18S were determined by real-time Q-PCR as indicated in the caption 20 Higuresult of a
representative experiment is showr=(4). *P < 0.05 with respect to LPS stimulation without GSNO pretreatment.

after stimulation with GSNO, and were maintained for al_LPS-mediated TLR4 activatidh?® Having established
least 48 h (Fig. 4A). Other controls are shown in Figurghat SOCS-1 protein is expressed upon GSNO treatment,
4B. Similar results were obtained when other NO-donorsve decided to study its influence on IL-6 and IP-10
were used (data not shown). mMRNA levels in LPS-challenged cells. To this end,
Interestingly, other researchers have demonstrated thatiman monocytes were cultured in the presence of 0.5

exposure to NO promotes changes in monocytes by whiglivM GSNO for 6 h, 24 h or 48 h, before being stimulated
they become refractory to subsequent stimulation by LP$r different times with 10 ng/ml LPS. Expression of
and/or cytokine&'#” Based on our current findings, we are LPS-induced IL-6 was markedly down-regulated in cells
tempted to speculate that NO might contribute to this tranpretreated with GSNO for 24 h or 48 h (Fig. 5A). In a
sient refractory state by inducing different negative regulasimilar manner, expression of IP-10 due to endotoxin
tors of inflammation such as IRAK-M and SOCS-1. challenge was also significantly reduced after one or two

days GSNO pre-treatment (Fig. 5B). This observation

suggests a possible involvement of NO-induced SOCS-1
GSNO blocks LPS-induced IL-6 and IP-10 but not IL- in regulating cytokine production, as its protein levels
10 mRNA expression correlate with the measured effect on IL-6 and IP-10

induction (see above and Fig. 4). Further experiments
Previous reports have demonstrated that SOCS-1 blocksing interfering RNA technology and/or knockout mice
cytokine expression after LPS challenge. Overexpressiowould help define the actual contributions of SOCS-1
of SOCS-1 inhibits IP-10 and IL-6 up-regulation following expression on the observed effect.
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We also determined mRNA levels of IL-10 induced uponGSNO blocks LPS-induced IL-6 protein expression
LPS challenge in our experimental model. Interestingly,
induction of this anti-inflammatory cytokine by LPS was notTo confirm the results presented in the previous section,
significantly down-regulated when cells were pre-treatechuman monocytes were cultured in the presence of 0.5
with GSNO (Fig. 5C). Altogether, our data indicate thatuM GSNO for 24 h, before being stimulated for 1, 6, 16,
monocyte exposure to nitric oxide affects mainly the expres24 or 48 h with 10 ng/ml LPS. As shown in Figure 6,

sion of LPS-induced pro-inflammatory cytokines. expression of LPS-induced IL-6 was also down-regu-
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Fig. 6. Pretreatment with a NO donor decreases levels of IL-6 protein expression upon LPS stimulation. Human monocytes welitheuliutbe e
presence of medium alone (none) or different stimulip@/SGSNO alone (GSNO), 10 ng/ml LPS alone (LPS), onMBGSNO for 24 h followed by 10
ng/ml LPS for the indicated times (LPS*). Levels of IL-6 protein in the supernatant of each culture were evaluated usirgcat&@hiBA. The result
of a representative experiment is showr ). *P < 0.05 with respect to LPS stimulation without GSNO pretreatment.
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Fig. 7. GSNO induces expression of TMFMRNA and TNFe induces SOCS-1 expression. (A) Cultures of human monocytes from healthy donors were
treated with 0.4M GSNO or medium alone (0) for the indicated times. The expression obiTd¢Re was analyzed by RT-PCR from total RNA isolated
from the cultures. The results of a representative experiment are shev). (B) Human monocytes were treated with T&dE2 ng/ml) for the indicated
times. The expression of SOCS-1 mRNA was evaluated by real-time Q-PCR (LightCycler system). The results of a represeritagwné agshowm(

=4). *P < 0.05 with respect to the control (t = 0 h).
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Fig. 8. GSNO-mediated stimulation of SOCS-1 is counteracted by an antieTatfibody. (A) Cultures of human monocytes were treated for 16 h with
combinations of 0.5M GSNO and 0, 50, 100 or 300 ng/ml anti-TRFantibody. Subsequently, total RNA was isolated and cDNA synthesized.
Quantitative analysis of the SOCS-1/18S ratio was carried out by real-time Q-PCR (LightCycler system). The results oftatiepregeeriment are

shown ( = 3). *P < 0.05 with respect to the GSNO alone treatment. (B) Human monocytes were pretreated (+) or not (=) with GSNO for Ui§id). After t
cultures were stimulated with LPS for 1 h (striped bars) or 48 h (solid bars) in the presence or not of a blocking@atifitdEly. Quantitative analysis

of the IP-10/18S and IL-6/18S ratios were carried out by real-time Q-PCR (LightCycler system). The results of a represpatatieat are showm &

3). *P < 0.05 with respect to LPS alone.

lated at protein level in those cells pretreated withcould directly influence SOCS-1 mRNA expression in
GSNO. Whilst LPS induced a clear up-regulation of IL-these cells. As shown in Figure 7B, stimulation of
6 production, pretreatment with a NO-donor signifi- human monocytes with TN&-(2 ng/ml) was sufficient
cantly reduced the presence of IL-6 in the supernatants induce SOCS-1 gene expression 1 h after treatment. In
of those cultures stimulated with LPS. In addition, weagreement with the kinetics of SOCS-1 induction by NO
note that treatment with GSNO alone did not result in(see above and Fig. 2), maximum levels of mRNA were
IL-6 accumulation. detected after 6 h challenge, and they remained high for
at least 30 h.

TNF-a stimulates expression of SOCS-1

Anti-TNF-a blocking antibody blocks GSNO-induced
In a previous investigation, we established that NOSOCS-1 expression and re-instates IL-6 and IP-10
induces TNFa release from human monocyfédJsing  levels after LPS stimulation
RT-PCR we could detect a significant increase of TiNF-
mMRNA 2 h after stimulation with 0.aM GSNO (Fig.  The rapid up-regulation of SOCS-1 expression in human
7A). The same effect was observed when DETA-monocytes exposed to TNFsuggests that this cytokine
NONO-ate was used instead (data not shown). We themay be involved in the pathway(s) that leads to the
sought to determine whether exogenously added @NF-induction of SOCS-1 in response to NO. To determine
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whether TNFea was indeed involved in SOCS-1 up-reg-
ulation, we treated cultures of human monocytes for 16 h
with 0.5uM of GSNO in the presence of an anti-THF- 1.
blocking antibody (50-300 ng/ml). While GSNO-treated
cultures expressed SOCS-1, mRNA levels of this gene’
were diminished in the presence of the antibody, in &
dose-dependent manner (Fig. 8A). This effect was also
observed at the protein level (data not shown).
Moreover, addition of anti-TNI& antibody to cultures

of human monocytes pretreated with GSNO re-instated,
the IL-6 and IP-10 mRNA levels after LPS-stimulation
(Fig. 8B).

CONCLUSIONS
8.
We present here the first evidence that stimulation of
human monocytes with NO results in a significant
induction of SOCS-1, thus contributing to generate any
endotoxin-tolerance state. In addition, our observations

suggest and that this effect depends, at least partly, an.

the early NO-induced endogenous release of @GNy
these cells. Since alternative mechanisms have beém
advanced to explain the ability of NO to inhibit/activate
several important pathwa§swe cannot rule out that

other factors are implicated in the activation of SOCS-12.

by NO in human monocytes. Nevertheless, our data sup-
port the contribution of TNFe to this process. These
findings will certainly help our understanding of the role ;5
of NO in inflammation and endotoxin tolerance. Further
experiments using knockout mice and/or interfering

RNA technology would help define the relative contri- 14-

butions of SOCS-1, IRAK-M and other factors to the
generation of the endotoxin-tolerance state.
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