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ABSTRACT. In living cells, NO signaling is mediated by NO-derived metabolites and is therefore dependent
on the rate of formation of these so-called reactive nitrogen intermediates (RNIs). We have examined the
effects of NO-oxidizing agents, the nitronyl nitroxide PTIO and its less hydrophobic analogue carboxy-
PTIO (CPTIO), on the expression of NO-sensitive genes in monocytic U937 and Mono Mac 6 cells. We
have observed that pretreatment of cells with PTIO boosted expression of IL-8 and heme oxygenase 1
(HOX) genes to a high level in cells treated with the NO donor DPTA-NO. In contrast, pretreatment of
cells with CPTIO significantly inhibited NO-dependent expression of IL-8 and hardly stimulated HOX
gene expression by DPTA-NO. The effect of PTIO was abrogated by reduced glutathione, suggesting
that upregulation of the IL-8 and HOX genes is dependent on RNI-mediated S-nitrosation of specific
regulator(s). The concentration of PTIO required to enhance mRNA level was different for IL-8 and
HOX genes. Analysis of 4,5-diaminofluorescein (DAF) nitrosation in the presence of PTIO and DPTA-
NO showed that optimal PTIO concentrations required for maxim@ki$ynthesis and for highest IL-8

gene expression are similar. Furthermore, we have shown that, besides IL-8 and HOX, PTIO superactivates
NO-dependent expression of TNFand p21/WAF1 genes. In contrast, the level of Mi&-t-jun, and

c-fos genes was not changed by the presence of PTIO in U937 cells and was even reduced in Mono Mac
6 cells.

Nitric oxide (NO) is an important signaling molecule with  of RNIs occurs during NO oxidation upon reaction with
multiple biological functions in a wide variety of tissues molecular oxygen or reactive oxygen species. The main
5). NO has a high affinity for iron-containing proteins nitrosating agent is nitrous anhydride®$ whereas thiol
including cytochromes, cyclooxygenase, soluble guanylate oxidation results from reaction with nitrogen dioxide radical
cyclase, and aconitase®<9). Yet, its reactivity as well as  NO, or peroxynitrite anion ONOO(10). In intact cells, the
its impact on cellular responses is largely influenced by the rate of NO oxidation by molecular oxygen is rather slow
cellular redox environment. A variety of effects attributed and mainly confined within the lipophilic area of membranes
to NO are achieved through either thiol oxidation or (11). It has been suggested that S-nitrosation of proteins could
formation of S-nitrosothiols which actually result from the mediate signaling functions similar to those of protein
reaction of cellular thiol-containing compounds with the so- phosphorylation ). However, phosphorylation of target
called reactive nitrogen intermediates (RNI3he generation  proteins is a downstream event in signaling cascades, whereas

S-nitrosation of sensitive cysteine residues of receptor

. ... proteins is an initial switch causing activation of various
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The aim of the present study was to examine whether RNIs glyceraldehyde 3-phosphate dehydrogenase (GAPDH),
are implicated in upregulation of NO-dependent genes in 5-GACCACAGTCCATGCCATCAC-3 (forward) and &
monocytic cells. For this purpose, we cotreated the human TCCACCACCCTGTTGCTGTAG-3 (reverse); IL-8, 5

monocytic cell lines U937 and Mono Mac 6 cells with the
synthetic NO donor DPTA-NO along with increasing

ATGACTTCCAAGCTGGCCGTG-3 (forward) and 5
CTCAGCCCTCTTCAAAAACTTCTC-3 (reverse); HOX,

concentrations of PTIO. PTIO is both an NO scavenger and 5-CCTTGTTGACACGGCCATGACCAC-3(forward) and

an NG+ generator. As reported earlier, suboptimal concen-

trations of PTIO added to NO can mimic nitrosative stress
(19) by promoting the yield of BOs; from the reaction
between N@and the remaining NO. By doing so, NO and

5-AGTAGACCAAGGCCACAGTGCCG-3(reverse); TNF-
o, 5-GCCTACAGCTTTGATCCCTG-3(forward) and &
CAGCCTATTGTTCAGCCTCC-3 (reverse); p21/WAF1,
5-TTAGCAGCGGAACAAGGAGT-3 (forward) and 5

its metabolites should be investigated separately, and we catCAGTACAGGGTGTGGTCCCT-3(reverse). Plasmids con-
expect to distinguish genes whose expression is modulatedaining cDNA fragments of c-jun, c-fos, and MIRxenes

by nitrosative stress from those modulated by regular NO were from the University of Toronto Microarray Center
signaling. We report that the PTIO-mediated increase in (Toronto, Canada). Specific inserts were amplified using
nitrosating species remarkably enhances the mRNA level of universal primers. The resulting PCR products were verified

a group of proteins including IL-8 and HOX, thus building
a specific pattern of gene expression.

MATERIALS AND METHODS

Cell Cultures U937 cells were from ATCC. They were
cultured under 5% C@atmosphere in RPMI 1640 supple-
mented with 25 mM HEPES, pH 7.3, 5% fetal calf serum
(Invitrogen), 2 mM glutamine, penicillin (100 units/mL), and
streptomycin (10Qug/mL). Culture medium was supple-
mented with 10% fetal calf serum and 2 mM sodium
glutamate. Mono Mac 6 cells were from the German
Collection of Microorganisms and Cell Cultures (DSMZ),
Braunsweig, Germany2(). They were cultured under 5%
CO;, atmosphere in RPMI 1640 supplemented with 10% fetal
calf serum, 2 mM sodium glutamate, 1 mM sodium pyruvate,
8 ug/mL bovine insulin (Sigma), nonessential amino acids
(1:100) (Gibco), penicillin (100 units/mL), and streptomycin
(100ug/mL). PTIO and other modulators of NO effects were

by sequencing. To synthesize cDNA radiolabeled probes, the
PCR products were purified using a Qiagen kit according to
the manufacturer’s instructions and used as a template. cDNA
inserts were labeled witf3?P]dCTP by a random-priming
method using a commercial labeling kit (Invitrogen) accord-
ing to the manufacturer’s instructions. The$?P]dCTP was
from Amersham Biosciences, Orsay, France.

DAF Fluorescence Instrumentation and Analysi$e
production of NO; was measured by formation of the highly
fluorescent N-nitrosated derivative of 4,5-diaminofluores-
cein-2 (DAF) (Calbiochem). Stock solution of DAF (2 mM)
was prepared in DMSO. The incubation mixture contained
100 uM DAF, the metal chelator DTPA (52M), the NO
donor DPTA-NO and PTIO as indicated, and PBS up to 10
uL. Reaction was maintained in a water bath at°86for
10 min and stopped by addition of 104 of 50 uM Tris
buffer. Measurements were performed on a Perkin-Elmer
Victor 2D fluorometer (200uL volume, 37 °C) with

added to serum-containing culture medium 15 min before excitation at 485 nm and emission at 535 nm.

DPTA-NO.
Cell Treatments and Reagen@ells were grown in fresh

culture medium for 16 h before the experiments. Synthetic

NO donor dipropylenetriamine NONOate (DPTA-NO) (Cay-

RESULTS

Analysis of PTIO-Mediated J0; Generation.To inves-
tigate the response of monocytic cells toQ¥-mediated

man Chemicals) was dissolved in phosphate-buffered salinenjtrosation, we combined DPTA-NO, a synthetic NO donor,

(PBS) (pH 7.3) and immediately added to culture medium anqg PTIO that is widely used as an NO scavengér 22).
to final concentrations as indicated. The NO scavengers PTIOwe took advantage of the ability of PTIO and its water-

and carboxy-PTIO (CPTIO) (ICN) were dissolved in ethanol.

soluble analogue CPTIO to promote h&hd NO; formation

In these experiments, the final ethanol concentration in (19 21 23 24) according to the reactions:

culture medium did not exceed 0.05%. Reduced glutathione
(GSH) (Sigma) was dissolved in PBS, and pH was adjusted

to 7.3 by addition 61 M NaOH. Cells were lysed, and total

RNA was extracted using the RNeasy kit (Qiagen) according
to the manufacturer’'s instructions. Each experiment was

performed at least three times.
Northern Blot AnalysisTen micrograms of total cellular

RNA was separated by electrophoresis in denaturing 1.2%

agarose-formaldehyde gel and transferred to Hybond N

2NO+ 0, — 2NO, 1)
NO + (C)PTIO— NO, + (C)PTI )
NO, + NO — N,O, ©)

Therefore, PTIO mimics the reaction of NO oxidation by
molecular oxygen. The reaction between NO and oxygen is

membrane (Pharmacia Biotech). Equal RNA loading and second order with respect to N®f (2.2—2.9) x 106 M2

membrane transfer were confirmed by hybridization with a
GAPDH radiolabeled probe. Membranes were hybridized
overnight at 42C with 32P-labeled probes and first washed

s, and consequently the rate of Nf@rmation is dependent
on the square of NO concentration. Under physiological
conditions, it is held that the rate of NO oxidation by

in 2 x SSC and 0.1% SDS at room temperature, then washedmolecular oxygen and NOsynthesis are lowl(, 11) and
in 0.5 x SSC and 0.1% SDS at room temperature, and finally expected to be enhanced in the presence of PTIO or CPTIO.

washed in 0.1x SSC and 0.1% SDS at 4Z. Hybridization
signals were quantified with a Phosphorimager.

cDNA Probes and Plasmid&ene fragments were ampli-
fied from human cDNA by using the following primers:

In the first set of experiments, we quantified,d¢
generated by the reaction between NO released from DPTA-
NO (0.2 or 0.5 mM) and PTIO in the presence of 100 mM
DAF. N-Nitrosation of DAF by NO; yields triazofluorescein,
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Ficure 2: Level of IL-8 and HOX mRNA by DPTA-NO in the
human monocytic U937 cell line. Cells were treated with 0.5 mM
DPTA-NO for 4 h. Total RNA (10ug/lane) was extracted from

417 DPTA-NO-exposed and control cells and analyzed by Northern blot.
\\ Radiolabeled specific cDNA was used as a probe for IL-8 and HOX
mMRNA (top panel) and for GAPDH mRNA (bottom panel). The
\\f\ positions of 285_and 18S rRNAs are r_narked on the right._The results
2 are representative of at least three independent experiments.
A 100
0 —\ - %
0.1 1 10 E 01l 1-s
PTIO : DPTA-NO ratio < o | ™ HOX o
Ficure 1: Concentration effect of PTIO on DAF nitrosation by é
DPTA-NO. DPTA-NO at the concentration of 0.2 mM) or 0.5 =
mM (M) was added to a PBS-buffered solution containing DAF 2 4
(100 uM), the metal chelator DTPA (5:M), and PTIO as = *
indicated. (A) Dependence of DAF nitrosation on PTIO concentra- ] 20 s
tion. (B) Dependence of DAF nitrosation on PTIO:DPTA-NO ratio.
The reaction was carried out at 3€ for 10 min. Fluorescence ﬁi
changes were monitored &fyem Of 485/535 nm. The basal 0
fluorescence level related to NO oxidation by molecular oxygen
in the absence of PTIO was assigned a value of 1. Data represent . ) 0 2 4 6 12
the mean of duplicate determinations from two separate experi-
ments. DPTA-NO (mM) 0 0.5 0.5 0.5 0.5
a highly fluorescent compound9). As shown in Figure 1, B 0
PTIO addition enhanced the DAF-generated fluorescent
signal in a dose-dependent manner. The optimal PTIO _ O 1L-8
concentration to achieve maximal DAF nitrosation was 0.05 % HOX ok
mM. Under these conditions, the DAF-generated fluorescent :ﬂ 20
signal was about three times stronger than that measured in é %%
the absence of PTIO and which is due to NO autoxidation £ *
only. At PTIO concentrations higher than 0.1 mM, the 2 *
fluorescent signal constantly declined, pointing to the primary § 10 *
formation of NQ that is unable to generate triazofluorescein =
upon reaction with DAF. According to data shown in Figure
1, maximal DAF nitrosation (i.e., }D; formation) was o L
achieved when the PTIO:DPTA-NO molar ratio was 1:10 e (h) o . . 4
or below. When this ratio was higher than 2:1, we observed
an N;O; production lower than that in the absence of PTIO - DPT‘;'N:("‘M) (Z) d“'l ‘:‘2 . d°'5 dence (8) of
i _ FIGURE 3: Time course and concentration dependence 0
glé)e. tothe scavenging of most of the NO released by DPTA IL-8 and HOX mRNA accumulation in U937 ceIFI)s treated with

. . DPTA-NO. Cells were incubatedfd h in thepresence or absence
Expression of IL-8 and HOX Genes in U937 Cells Exposed of the indicated amounts of DPTA-NO. Total RNA (1@/lane)

to NO. To test the sensitivity of U937 monocytic cells to was extracted and assayed by Northern blotting. Hybridization
NO, we examined IL-8 and HOX mRNA levels by a §ignals were quantifjed with a Phosphorlmager. Data were normal-
Northern blot analysis. As shown in Figure 2, exposure to Zéd to corresponding GAPDH mRNA levels and represent the
0.5 mM DPTA-NO fa 4 h caused a significant increase in mean of at least three independent experiments %, 0.05; =,

) p < 0.005 vs control (no DPTA-NO)]. The basal content of IL-8
both IL-8 and HOX mRNA levels. DPTA-NO stimulated  and HOX mRNA in control cells was assigned a value of 1.
the expression of these genes in a time- and dose-dependent
manner (Figure 3). Witlhi 2 h after addition of 0.5 mM  dropped, returning to the basal level 12 h after DPTA-NO
DPTA-NO to U937 cells, the IL-8 mRNA level was 7.7- addition in contrast to the HOX mRNA level, which
fold higher than the basal value. Accumulation of IL-8 continued to rise 12 h after exposure to DPTA-NO. Dose
MRNA peaked afte6 h (25.7-fold increase) and thereafter effect experiments showed that DPTA-NO was more effec-
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Ficure 4: Effect of PTIO on the NO-induced expression of IL-8 g 150 )\4/
and HOX mRNA. U937 or Mono Mac 6 cells were cultured for 4 5 100 I
h in the presence or absence of 0.5 mM DPTA-NO with and without = /{
PTIO as indicated. Total RNA (1@g/lane) was extracted and § 50
analyzed by Northern blot as described in the legend to Figure 2. = u.//._/{
The results are representative of at least three independent experi- = 0+l . .
ments. 0.02 0.1 1 10

PTIO (mM)
tive in inducing IL-8 and HOX genes when used at 0.5 MM Figure 5: Concentration dependence of IL-8 and HOX mRNA
than at 0.1 or 0.2 mM (Figure 3B). Subsequent experiments accumulation in U937 treated with PTIO at various concentrations.
were therefore performed using 0.5 mM DPTA-NO. Cells were incubated fo4 h in thepresence of 0.5 mM DPTA-

; ; ; NO with or without PTIO as indicated. Total RNA (1@y/lane)
On the basis of the experiments described above and Onwas extracted and analyzed by Northern blotting for IL-8 mMRNA

previous datgl19, 21, 24), we took.a(.jvantag.e of the capacity (A) or HOX mRNA (B) expression. Hybridization signals were
of the NO scavenger PTIO to oxidize NO in® and NQ, quantified with a Phosphorimager. Data were normalized to
to analyze the role of various higher oxides of NO in the GAPDH mRNA levels and represent the mean of at least three

regulation of NO-dependent genes. By oxidizing NO to;NO independent experiments SD. The basal content of IL-8 and HOX
suboptimal concentrations of PTIO mimic the reaction MRNAS in control cells was assigned a value of 1.

between NO and molecular oxygel]. As shown in Figure 500
4, PTIO addition at concentrations of 0.1 or 0.25 mM caused
a significant increase in the expression of IL-8 and HOX
genes as compared to that achieved in cells incubated with
DPTA-NO alone. PTIO-mediated upregulation of these two
genes occurred to about the same extent in U937 and Mono
Mac 6 cell lines (not shown). In control experiments, U937
cell treatment with PTIO alone caused either negligible (at
the concentration of 0.1 mM) or slight (at the concentration
of 1.2 mM) upregulation of the mRNA levels of the genes 100
studied (Figure 4). Moreover, PTI, a reaction end product

of PTIO and NO, had no significant boosting effect on HOX 0
MRNA level when added to U937 cells along with DPTA-

400

300

200

Relative mRNA level

timeth)y 4 4 4 6 6 6 444 666
NO (not shown).
The concentration of PTIO required to increase mRNA (':{‘1; 0 010325 0014025 001825 § 01025

level Was- different for IL-8 and HOX ge.nes' U937 cells FiIGUrRe 6: Time course and concentration dependence of IL-8 and
treated with 0.5 mM DPTA-NO fo4 h eXh'b't_ed the highest HOX mRNA accumulation in U937 cells treated with DPTA-NO
level of IL-8 mRNA at a PTIO concentration of 0.1 MM  in the presence of PTIO. Cells were incubated forrsd with
(Figure 5A). In contrast, the dependence of HOX gene 0.5 mM DPTA-NO in the presence or absence of the indicated
expression on PTIO concentration seemed to be biphasicamounts of PTIO. Total RNA was extracted and analyzed by
The first rise of HOX mRNA level was achieved at a PTIO Northern blotting as described in the legend to Figure 5. Data
- . g represent the mean of at least two independent experimenps [*,
concentration of 0.1 mM (Figure 55). Then,_wnhm the range _ 0.05: **, p < 0.005 vs control (no PTIO)]. The content of IL-8
of 0.1-0.5 mM PTIO, the further increase in HOX mMRNA  and HOX mRNA in cells untreated with PTIO was assigned a value
level was modest, whereas at concentrations between 0.5 andf 1.
1 mM a second rise was manifest, reaching a 10-fold
increase. cells with DPTA-NO alone or with PTIO or in the presence
As shown in Figure 6, the boosting effect of 0.25 mM of reduced glutathione (GSH), a physiological thiol com-
PTIO on IL-8 gene expression was rather weak after 4 h pound known as a potent RNI scavenger and herein a
incubation but reached 8-fold after 6 h. With regard to HOX, nitrosation suppressor.
6-fold and 9-fold increases in HOX mRNA level due to PTIO  As shown in Figure 7, 10 mM GSH completely inhibited
were reached after 4 and 6 h, respectively. We also treatedthe expression of the HOX gene by DPTA-NO alone



10848 Biochemistry, Vol. 43, No. 33, 2004 Turpaev et al.

CPTIO DPTA-NO N -+ +
GSH ¢ PTIO - - + - - +
1
DPTA-NO - + + o+ £+
PTIO - - - + - e-jun —— N.D.
IL-8 “.ﬂ —
. : o
c-fos . .
HOX - ~ MIP-1a e o
P21/WAF1 - N.D.
GaPDH | SR R AR GER R SN
1 2 3 4 5 6 TNF-o N o -
Ficure 7: Effect of PTIO, GSH, or CPTIO on the NO-induced
IL-8 and HOX mRNA expression in U937 cells. Cells were cultured U937 Mono Mac 6

for 4 h with 0.5 mM DPTA-NO either with or without CPTIO (0.25  Fgure8: Effect of PTIO on NO-stimulated gene expression. U937
mM), PTIO (0.1 mM), or GSH (10 mM). Total RNA (10g/lane) or Mono Mac 6 cells were incubatedrfd h in thepresence or
was extracted and assayed by Northern blotting. Radiolabeled ghsence of 0.5 mM DPTA-NO with and without 0.1 mM PTIO.
specific cCDNA was used as a probe for IL-8 and HOX mRNA - Tota] RNA (10 ug/lane) was extracted from DPTA-NO-exposed
(top panel) and for GAPDH (bottom panel). The results are anq control cells and analyzed by Northern biéR-Labeled specific
representative of at least three independent experiments. cDNAs were used as probes for MIR:Z-jun, c-fos, TNFe., and

p21/WAF1 mRNA, (top panel). Equal RNA loading and transfer
(compare lane 4 to lane 2) and reduced it to a large extentefficiency were verified by hybridization with radiolabeled cDNA
when PTIO was added along with DPTA-NO (compare lane P]EOt;el Spetcti\f\i,c f.onGAP[JH {“RNA-, Thetres'\LIJ:ItDs are dretpresen:jative
5 to lane 3). With regard to IL-8, GSH was far more efficient ©' @t '€ast two independent experiments. N=onot determined.

at inhibiting gene expression when PTIO was added with ppTA-NO, a synthetic NO donor, and PTIO. To analyze
DPTA-NO (lane 5). In contrast to PTIO, its water-soluble gene expression, we performed Northern blot analyses, and
analogue CPTIO, at the concentration of 0.25 mM, signifi- accordingly, transcriptional alteration was not distinguished
cantly suppressed NO-dependent IL-8 expression and onlyfrom mRNA turnover. It is worth noting that previous reports
slightly (about 1.5-fold) stimulated HOX expression (Figure indicate that NO-dependent upregulation of the expression
7). of IL-8 and HOX genes is mediated both by transcriptional
Sensitiity to PTIO of Seeral Genes in U937 and Mono  activation and by mRNA stabilizatior2®, 25). The main
Mac 6 Cells.To extend our study beyond IL-8 and HOX RNI targets are reactive thiol-containing peptides and
genes, we also examined the responsiveness of several otharoteins, i.e., cysteine residues located in the vicinity of basic
NO-dependent genes, namely, c-jun, c-fos, MiB-INF- and acidic amino acids3( 26, 27). Two types of thiol
o, and p21/WAF1, to PTIO. Again, the expression of these modifications on NO-sensitive sensors are of prime impor-
genes exhibited distinct sensitivity to PTIO. NO-dependent tance to trigger subsequent intracellular signaling path-
expression of TNFe was upregulated (about two to three ways: (1) the reaction of sulfhydryl groups with nitrogen
times) by PTIO in both cell lines. In U937 cells, NO- dioxide NG or its highly reactive dimer dinitrogen tetraoxide
dependent expression of p21/WAF1 gene was also increasedN,O,4, which leads to their oxidation, and (2) the reaction
(about three times) in the presence of PTIO (Figure 8). with nitrous anhydride pDs, which generateS-nitrosothiols.
Although DPTA-NO-mediated alteration was slightly more

potent for IL-8 and HOX genes than for TNE-and p21/ NO,+ RSH—NO, + RS 4)
WAF1 genes, in general, the additional stimulatory effect

of 0.1 mM PTIO was similar for all of these genes, thus RS + RS — RSSR 5)
arguing for a common upstream regulating step. In contrast, N

the rate of the NO-dependent expression of MiB-d-jun, N,O; + RSH—NO, + RSNO (6)

and c-fos genes was not changed by the presence of 0.1 mM ) _
PTIO in U937 cells and was even reduced in Mono Mac 6  Consequently, according to reactions 3 and 6, the excess
cells (Figure 8). of NO over NQ is a requirement for RSNO synthesis. In

our experiments, this requirement was fulfilled when cells
DISCUSSION were treated with low concentrations of PTIO. The data
presented here indicate that strengthening of NO oxidation
Although NO itself is able to interact mostly with other by optimal concentrations of PTIO leads to a marked increase
radicals and metalloproteins, higher oxides of NO, often in the expression levels of IL-8, HOX, and some other NO-
referred to as reactive nitrogen intermediates (RNIs), influ- sensitive genes. It is worth noticing that optimal PTIO:
ence a broader range of intracellular compounds. In this DPTA-NO ratios required for maximal J0; synthesis
study, we investigated the gene response of monocytic cells(evaluated by the rate of DAF nitrosation) and for high
to NoOs-mediated nitrosation, and to this end, we combined expression of IL-8 gene were similar. This is a strong
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argument in favor of the role of MD; in IL-8 gene matrix metalloproteinase 8 (neutrophil procollagena2d). (
expression. Meanwhile, maximal activation of HOX gene In this report, we extend these data and suggest that the
expression required higher concentrations of PTIO, suggest-incubation of intact cells in the presence of PTIO, by
ing that both products generated from the reaction betweenincreasing N@ and NO; generation, causes a subsequent
NO and PTIO, i.e., MO; and NQ, are implicated. The increase in nitrosation of plasma membrane-associated gene
demonstration that nitrosating species are involved in IL-8 regulators. Since PTIO is a membrane-impermeable com-
and HOX gene regulation was strengthened by further pound, a reasonable assumption is that the RNIs produced
experiments in which cells were exposed to both DPTA- were able to penetrate the plasma membrane and react with
NO and PTIO in the presence of the RNI quencher GSH. local sensors. Some genes examined in this study, such as
The presence of GSH in culture medium caused completegenes encoding the transcription factors c-Jun and c-Fos as
inhibition of HOX gene expression and significant reduction well as the cytokine MIP-d, appear to be insensitive to
of PTIO-mediated increase in IL-8 gene expression (Figure PTIO superactivation (Figure 8). It is widely accepted that
7. expression of the NO-sensitive genes is controlled by
Release of NO from diazenium diolates is predictable. On different intracellular signaling pathways4)( We thus
the basis of absorbance of DPTA-NO at 250 nm, we presume either that the upstream regulators which trigger
observed that the rate of NO generation was linearly the expression of PTIO-resistant genes are too far from the
dependent on DPTA-NO concentration and declined in plasma membrane, being therefore inaccessible to RNIs
culture medium down to 40% of the initial level after 4 h generated by the reaction with PTIO, or that S-nitrosation
incubation. In long-lasting cell treatments, the rate of NO of these sensors is not required for their functional activation.
generation and its scavenging by PTIO are constantly Overall, PTIO effects were similar for both monocytic cell
changing. In fact, the rate of NGynthesis and in turn the lines studied. On a functional level, enhanced S-nitrosation
NO,:NO ratio are mainly dependent on the initial level of mimicked here by PTIO seems to lead to a general increase
PTIO. As shown in Figure 6, when cells were incubated with in monocytic cell proinflammatory and cytostatic responses.
0.5 mM DPTA-NO in the presence of 0.25 mM PTIO for 4 Thus, TNFet is a member of the inflammatory cytokine
h, the boosting factor with regard to IL-8 gene expression family, and IL-8 is a chemokine with the properties of
was barely higher than 1 after 4 h, but strikingly, it exceeded neutrophil activator, regulator of leukocyte survival, and
8 after 6 h. At first glance, such a sharp increase is surprising.mediator of angiogenesi29—31). The primary function of
However, it is consistent with our experiments showing that HOX is to catalyze the oxidative degradation of heme to
PTIO-mediated DAF nitrosation occurred at a PTIO:DPTA- generate equimolar amounts of biliverdin, carbon monoxide,
NO molar ratio of about 1:10. As 1 mol DPTA-NO releases and iron. Since biliverdin is an antioxidant whereas heme is
2 mol of NO and since the expected amount of PTIO a powerful pro-oxidant, HOX upregulation mediates cellular
consumed is equimolar, PTIO decays twice as fast as DPTA-protection against oxidative damag8&2(. The cyclin-
NO (reaction 2). We therefore assume that PTIO concentra-dependent protein kinase inhibitor p21/WAF1 fulfills a
tion had to be reduced below a certain threshold after 4 h to crucial role in cell cycle regulation. Expression of the p21/
yield optimal NOs; concentrations and boost IL-8 gene WAFL1 gene is under the control of the transcription factor
expression. In brief, it is likely that a low rate of NO  p53, integrating multiple signals including NO-dependent
generation is a requirement for,®; synthesis following stimuli, into growth arrest and pro-apoptotic signaling that
reaction between N©Qand NO (reaction 3) and for subse- ultimately determine cell fate3@—35). In contrast, PTIO
guent nitrosation of thiol residues by,® (reaction 6). On treatment did not influence the NO-dependent expression of
the contrary, higher PTIO concentrationsQ(5 mM) are c-jun and c-fos genes that are involved in cell cycle
favorable for higher N@output and subsequent oxidation progression.
of sensitive SH groups and nitration of tyrosine residdds ( In conclusion, speeding up NO oxidation by PTIO has
21). allowed us to discriminate between different genes in relation
It has been reported that, in different cell types, S- to their responsiveness to RNI, most likely,®$. This
nitrosation of thiol groups and tyrosine nitration mediates approach supports the idea that the chemical nature of the
NO-dependent control of G protein g% Src family NO-derived species, which are generated under aerobic
nonreceptor protein tyrosine kinases, and several ion channelsonditions, determines the “wake-up call” sent to specific
(12, 13). It is striking that all of these key regulatory systems sensor proteins. Lastly, at a more global level, this method
are associated with the plasma membrane. This is consistentay prove useful in identifying, sorting, and localizing
with the view that NO oxidation and RNI generation are master controllers of NO-sensitive genes.
about 10 times faster in biological membranes than in
aqueous solutions since both NO and &e lipophilic ACKNOWLEDGMENT
molecules and concentrate in the lipid phase of membranes e are grateful to Alexandre Diet for excellent technical
(11, 19). As mentioned above, concentration factor is very assistance.
important for determining the rate of RNI synthesis in
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