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THE MECHANISM OF TAURINE CHLORAMINE INHIBITION OF
CYTOKINE (INTERLEUKIN-6, INTERLEUKIN-8) PRODUCTION BY
RHEUMATOID ARTHRITIS FIBROBLAST-LIKE SYNOVIOCYTES

EWA KONTNY, KATARZYNA SZCZEPAŃSKA, JACEK KOWALCZEWSKI, MARIOLA KUROWSKA,
IWONA JANICKA, JANUSZ MARCINKIEWICZ, and WŁODZIMIERZ MAŚLIŃSKI

Objective. Taurine chloramine (Tau-Cl) has been
shown to inhibit the production of proinflammatory
cytokines (interleukin-6 [IL-6] and IL-8) by fibroblast-
like synoviocytes (FLS) isolated from rheumatoid ar-
thritis (RA) patients. The present study was conducted
to elucidate the mechanism of inhibitory action exerted
by Tau-Cl.

Methods. The effects of Tau-Cl on 1) the tran-
scription of genes coding for IL-6 and IL-8, and 2) the
activity of nuclear factor kB (NF-kB) and activator
protein 1 (AP-1) transcription factors, which are crucial
for the transcription of these cytokine genes, were
investigated in FLS isolated from the synovial tissue of
RA patients. FLS were cultured in vitro for 3–6 passages
and stimulated with recombinant human IL-1b (1 ng/
ml) in the presence of either Tau or Tau-Cl, which were
added simultaneously with the stimulus at concentra-
tions of 250 mM or 500 mM. The relative expression of
IL-6 and IL-8 messenger RNA (mRNA) was evaluated
after 4 hours of stimulation, using competitive reverse
transcriptase–polymerase chain reaction. The DNA
binding activity of NF-kB and AP-1 was examined 30
minutes and 2 hours after cell stimulation, respectively,
using electromobility gel shift assay.

Results. IL-1b triggered a significant rise in the
activity of transcription factors NF-kB and AP-1, fol-

lowed by an elevation of cytokine IL-6 and IL-8 mRNA
expression. Tau-Cl, but not Tau, reduced IL-1b–
triggered cytokine mRNA expression, exerting stronger
inhibitory activity on the levels of IL-6 than on those of
IL-8. Importantly, Tau-Cl also diminished the activity of
NF-kB and, to a lesser extent, that of AP-1 transcription
factor. Neither IL-1b nor Tau-Cl affected the activity of
octamer transcription factor 1.

Conclusion. Tau-Cl inhibition of IL-6 and IL-8
synthesis in FLS from RA patients results from the
ability of this compound to diminish the activity of the
major transcriptional regulators (NF-kB and AP-1),
which subsequently reduces the transcription of these
cytokine genes.

Rheumatoid arthritis (RA) is a chronic inflam-
matory disorder mainly affecting the joints. Hyperplasia
of the synovial cell lining layer and damage to articular
cartilage are major consequences of RA (1). The acti-
vation and proliferation of fibroblast-like synoviocytes
(FLS) contribute to pannus formation and production of
proinflammatory cytokines and matrix metalloprotein-
ases (MMPs), which, acting in concert, lead to joint
destruction (1). These cells are major producers of
interleukin-6 (IL-6) and IL-8 in synovium (2). Both IL-6
and IL-8 participate in the pathogenesis of RA; e.g., IL-6
supports proliferation of synovial cells (3), regulates
proliferation and differentiation of osteoclasts (4), and
induces acute-phase proteins (5), while IL-8 exerts che-
motactic activities, activates neutrophils and macro-
phages, and promotes the formation of new blood
vessels in synovial membrane (5,6).

The abnormal proliferation of FLS as well as the
excessive production of cytokines and MMPs by these
cells are important potential targets for therapeutic
intervention in RA (2,7). We have recently found that
taurine chloramine (Tau-Cl), a molecule formed in vivo
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in activated neutrophils during respiratory burst (for
review, see ref. 8), inhibits both proliferation of these
cells and secretion of proinflammatory cytokines (IL-6
and IL-8), which are crucial pathogenic functions of RA
FLS (9). Interestingly, we have shown that, in vitro,
Tau-Cl exerts the strongest inhibitory effect on cytokine
production when added close to the time of cell activa-
tion. These results suggest that Tau-Cl might affect the
early events resulting in cytokine synthesis, and this
prompted us to elucidate the molecular mechanism of
inhibitory action of Tau-Cl on the IL-6 and IL-8 synthe-
sis in RA FLS. In the present study we examined the
effects of Tau-Cl on the transcription of genes encoding
IL-6 and IL-8, and on the DNA binding activities of
nuclear factor kB (NF-kB) and activator protein 1
(AP-1) transcription factors, which are both critical for
the induction of genes encoding these cytokines.

PATIENTS AND METHODS

Patient synovium samples and synoviocyte cultures. A
group of 10 patients who fulfilled the American College of
Rheumatology (formerly, the American Rheumatism Associ-
ation) criteria for the diagnosis of RA (10) was included in this
study. The clinical profiles of the patients are shown in Table
1. Samples of rheumatoid synovium were obtained from pa-
tients undergoing knee synovectomy or joint replacement
surgery as a normal part of clinical care. Tissue was processed
within 2 hours after removal from the patient, as described
previously (9). Briefly, the synovium samples were digested
with 0.25% trypsin (Sigma, St. Louis, MO) for 15–30 minutes
at 37°C, then filtered using a fine sterile gauze, washed, and
resuspended in complete medium made of RPMI 1640 sup-
plemented with 2 mM L-glutamine, 100 units/ml penicillin, 100
mg/ml streptomycin, 30 mg/ml kanamycin, 20 mM HEPES
buffer, and 10% fetal calf serum (FCS). The cells (2.5 3 104

cells/cm2) were cultured overnight in a humidified, 5% CO2
atmosphere at 37°C, then the nonadherent cells were washed
out. Adherent cells were cultured in complete medium and, at

confluence, were passaged into fresh culture flasks after
trypsin/EDTA (Sigma) treatment. Synoviocytes were used for
experiments between passages 3 and 6. At that time, all cells
showed fibroblast-like morphology and did not secrete cyto-
kines originating from macrophage-like synoviocytes (tumor
necrosis factor a [TNFa], IL-1b) (9).

Synthesis of Tau-Cl. Taurine monochloramine (Tau-
Cl) was prepared according to the method described previously
(11). Briefly, 5 ml of 20 mM NaOCl (Aldrich, Steinheim,
Germany) solution in 0.2M phosphate buffer (pH 7.4–7.5) was
added dropwise to 5 ml of 24 mM taurine (Sigma) with
vigorous stirring. Each preparation of Tau-Cl was monitored
by ultraviolet absorption spectra (200–400 nm) to ensure the
authenticity of Tau-Cl (252 nm) and the absence of dichlora-
mine, NH2Cl, and unreacted HOCl/OCL2. The concentration
of synthesized monochloramine was determined by the
molar extinction coefficient 415M21 cm21 with absorbance
at a wavelength of 252 nm. Stock solutions of Tau and
Tau-Cl (10 mM) were kept at 4°C for a maximum period of
4 days before use.

Analysis of cytokine messenger RNA (mRNA) by com-
petitive reverse transcriptase–assisted polymerase chain reac-
tion (RT-PCR). For the RT-PCR assay, culture flasks were
seeded with 1 3 106 cells in culture medium containing 5%
FCS. After 2–3 days of culture, the fresh medium supple-
mented with 1 ng/ml of recombinant human IL-1b (R&D
Systems, Abingdon, UK) was added for another 4 hours.
Either Tau or Tau-Cl was added simultaneously with the cell
stimuli. Total RNA was isolated from the cells using Trizol
reagent (Life Technologies, Paisley, UK) according to the
manufacturer’s protocol. A modified competitive RT-PCR
protocol was used to measure IL-6, IL-8, and b2-microglobulin
(b2m) mRNA expression, according to the method described
previously (12,13). In this technique, the cellular RNA–derived
complementary DNA (cDNA) was coamplified together with a
multispecific synthetic cDNA cloned into pQA1 plasmid (the
internal standard) using the primer pairs common to both
templates. Total RNA (0.5 mg) served as a template for cDNA
preparation, using 200 units of Moloney murine leukemia virus
RT (Life Technologies), 2.5 mM oligo(dT)16 (Perkin Elmer,
Norwalk, CT), 0.5 mM each dNTP (Pharmacia, Uppsala,
Sweden), and 20 units RNase inhibitor (Pharmacia) in a total
volume of 23 ml of reaction buffer (50 mM Tris HCl, pH 8.3, 75
mM KCl, 3 mM MgCl2, 10 mM dithiothreitol; all reagents from
Life Technologies). The RT reactions were performed at 37°C
for 60 minutes. Either 1 ml (b2m) or 20 ml (IL-6 and IL-8) of
these cDNA solutions were amplified by PCR, using 1 unit of
Taq DNA polymerase (Perkin Elmer) and 0.3 mM of each 39
and 59 primer in 13 PCR buffer (Perkin Elmer), supplemented
with 80 mM each dNTP, in a total volume of 50 ml. The pQA1
plasmid was applied as an internal standard for each PCR
reaction. The internal standard contains the same sequences
specific for human b2m, IL-6, and IL-8 genes as the cellular
template, except for a small intron, so the standard PCR
products (370 basepairs each) were longer than the cellular
RNA–derived DNA (268, 260, and 247 bp, respectively)(12).

For amplification of IL-6 and IL-8 or b2m cDNA,
either 27 fg or 13.5 pg of pQA1 plasmid was added. The
thermoamplification program consisted of an initial denatur-
ation (1 minute at 95°C), followed by either 20 cycles (ampli-
fication of b2m cDNA) or 35 cycles (amplification of cytokine

Table 1. Clinical characteristics of the patients with rheumatoid
arthritis*

Characteristic Value

No. of patients 10
Age (range), years 58.7 6 3.1 (46–76)
Sex, no. female/no. male 6/4
Disease duration (range), years 12.1 6 2.7 (3–30)
Radiologic grade (no. of patients)† II (1); IV (5); V (4)
IgM RF, no. (%) positive 6 (60)
ESR (range), mm/first hour 44.8 6 6.8 (25–98)
WBC (range), mm3 8,020 6 553 (5,800–11,900)

* Values are the mean 6 SEM, except where otherwise indicated. RF
5 rheumatoid factor (by Rose-Waaler hemagglutination test); ESR 5
erythrocyte sedimentation rate; WBC 5 white blood cells.
† Radiologic grading defined by Larsen (52).
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cDNA) of 1 minute of denaturation (94°C), 1 minute of
annealing (55°C), and 1 minute of elongation (72°C), with a
final extension period of 5 minutes at 72°C. Under these
conditions, the rate of amplification of the particular product
was within exponential range. Products were separated on 2%
agarose gel containing 3% (volume/volume) ethidium bromide
and detected by transillumination with ultraviolet light. The
123-bp DNA ladder (Sigma) was used as a molecular weight
marker standard. Gels were photographed, bands representing
amplified products were scanned using a Microcomputer Im-
age Quant Device (Molecular Dynamics, Sunnyvale, CA), and
the ratio of tested to internal-standard DNA was calculated.
To correct for any variation in RNA content and cDNA
synthesis in the different preparations, each sample was nor-
malized on the basis of its b2m (the external standard) content.
The results are expressed as the percentage of the most
abundant sample for the target mRNA (taken as 100%) (12).
The sequences for the primers were as follows: b2m sense
primer 59-CCA-GCA-GAG-AAT-GGA-AAG-TC-39 and anti-
sense primer 59-GAT-GCT-GCT-TAC-ATG-TCT-CG-39;
IL-6 sense primer 59-TCA-ATG-AGG-AGA-CTT-GCC-TG-39
and antisense primer 59-GAT-GAG-TTG-TCA-TGT-CCT-
GC-39; IL-8 sense primer 59-TTG-GCA-GCC-TTC-CTG-
ATT-TC-39 and antisense primer 59-AAC-TTC-TCC-ACA-
ACC-CTC-TG-39. These were chosen according to a protocol
published previously (12).

Estimation of DNA binding activity of AP-1 and
NF-kB transcription factors by the electromobility gel shift
assay (EMSA). Fibroblast-like synoviocytes were precultured
as described for RNA isolation (see above), then stimulated
for either 30 minutes (for testing binding activity of NF-kB) or
2 hours (for testing AP-1 binding activity) with 1 ng/ml of
recombinant human IL-1b, in the presence or absence of
Tau-Cl (250 mM or 500 mM). The nuclear protein extracts were
prepared from 1 3 106 cells by the micropreparation technique
(14). After normalization of protein content, samples were
stored at 270°C until used. The AP-1, NF-kB, and octamer 1
(OCT-1) oligonucleotides (Santa Cruz Biotechnology, Santa
Cruz, CA) were end-labeled using T4 polynucleotide kinase
and g-32P-ATP (both reagents from Amersham Pharmacia,
Buckinghamshire, UK).

EMSA was performed according to the method previ-
ously described (15). Briefly, the binding of nuclear proteins (5
mg per sample) to 32P-labeled probes (0.1 ng) was carried out
for 1 hour at 4°C in a solution of 10 mM HEPES, pH 7.9, 4%
Ficoll 400, 0.125% bovine serum albumin, 1 mM EDTA, 100
mM KCl, 4 mM MgCl2, 0.02% Nonidet P40 (NP-40), 0.83 mM
2-mercaptoethanol (all reagents from Sigma), and 2 mg
poly(dI)-poly(dC) (Pharmacia). The specificity of probe bind-
ing was controlled by excluding nuclear proteins from the
binding reaction, and by 15 minutes of preincubation of
nuclear proteins with 100-fold excess of unlabeled (“cold”)
probe to prevent further binding of proteins to labeled (“hot”)
probe. The protein–DNA complexes were resolved for 2 hours
at 250V, on 5% nondenaturating polyacrylamide gel in Tris–
borate–EDTA buffer supplemented with 0.02% NP-40. The
gels were dried, autoradiographed on x-ray films (Amersham
Pharmacia), and densitometrically scanned using a Microcom-
puter Image Quant Device (Molecular Dynamics).

Statistical analysis. Repeated-measures analysis of
variance followed by Tukey’s test were applied to evaluate the

effect of stimuli and Tau/Tau-Cl. All data are expressed as the
mean 6 SEM. P values less than 0.05 were considered to be
statistically significant.

RESULTS

Tau-Cl inhibition of transcription of genes en-
coding IL-6 and IL-8. Since the cellular-to–internal-
standard b2m cDNA ratio was similar in all tested
samples (Figure 1) and the differences were statistically
nonsignificant (data not shown), we concluded that the
expression of b2m mRNA in FLS was constitutive.
Therefore, we considered it to be an external RT-PCR
standard that reflected the level of total mRNA present
in each sample. Accordingly, the samples were normal-
ized to the same level of total mRNA, which served as
templates in further studies.

In unstimulated cells, the expression of mRNA
encoding IL-6 (Figure 2A) or IL-8 (Figure 3A), which
was calculated as a percentage of the b2m contents, was
weak (mean 6 SEM 39 6 14% and 32 6 7.2%,
respectively). Consistent with this, the intensity of bands
reflecting mRNA coding for IL-8 (Figure 3B) was
similar to that of the amplified internal-standard cDNA,
and the intensity of bands for IL-6 mRNA (Figure 2B)

Figure 1. Constitutive expression of the b2-microglobulin (b2M)
mRNA in fibroblast-like synoviocytes (FLS) of rheumatoid arthritis
(RA) patients. Cells were stimulated for 4 hours with recombinant
human interleukin-1b (IL-1b; 1 ng/ml) alone or in the presence of the
indicated concentrations of either taurine (Tau) or taurine chloramine
(Tau-Cl). The control represents untreated cells. Total RNA was
extracted from the cells and transcribed into cDNA. The pQA1
plasmid, containing sequences specific for human IL-6, IL-8, and b2M
genes, was used as an internal standard. Both cellular and standard
cDNA were amplified simultaneously using b2M-specific primers.
Amplified products were separated by electrophoresis. Results are
representative of the reverse transcriptase–polymerase chain reaction
(RT-PCR) products of 1 experiment (similar results were obtained in
another 4 RT-PCR experiments, in which FLS of different RA patients
were used; differences not significant). The positions of standard and
cellular cDNA are marked. RT(2) indicates the negative control in
which RT was excluded from the reaction buffer and only standard
cDNA was amplified.
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was even weaker, as shown on the representative gels. In
contrast, in IL-1b–treated cells, the expression of both
IL-6 (912 6 136.8%; P 5 0.0001) and IL-8 (711.8 6
171.6%; P 5 0.0002) mRNA was significantly elevated
(Figures 2A and 3A). This was visualized on the gels by
very intense cDNA bands corresponding to cytokine
mRNA (lower bands in Figures 2B and 3B) and almost
complete disappearance of the internal-standard prod-
ucts (upper bands in Figures 2B and 3B).

Tau had no effect on the IL-1b–triggered levels
of mRNA encoding either IL-6 (Figures 2A and B) or

IL-8 (Figures 3A and B). In contrast, Tau-Cl signifi-
cantly reduced IL-1b–triggered cytokine mRNA levels
in a dose-dependent manner. Interestingly, both the
250-mM and 500-mM concentrations of Tau-Cl signifi-
cantly inhibited IL-1b–induced expression of IL-6
mRNA, by 52.5% and 69%, respectively (Figure 2A).
On the gel, this inhibition was illustrated by reappear-
ance of the upper bands that represent the amplified
internal-standard product (Figure 2B, lanes 5 and 6).
However, IL-1b–triggered expression of IL-8 mRNA
was less sensitive to Tau-Cl inhibition; a significant
reduction (by 68%) was seen only at the high (500 mM)

Figure 2. Effects of Tau or Tau-Cl on the IL-6 mRNA expression in
FLS of RA patients. The cell treatment and evaluation of mRNA
expression by RT-PCR was performed as described in Figure 1, except
that IL-6–specific primers were used. For every sample, the ratio of
tested to internal-standard product was calculated and normalized on
the basis of its b2-microglobulin content. A, Values are the mean and
SEM of 5 experiments, carried out using the same RNA samples as in
Figure 1. Asterisks above the bars indicate statistically significant (or
nonsignificant [ns]) differences versus treatment with IL-1b alone. p 5
P 5 0.05–0.01; pp 5 P 5 0.01–0.001; ppp 5 P 5 0.001–0.0001. B,
Representative RT-PCR products separated on agarose gel. See
Figure 1 for other definitions.

Figure 3. Effects of Tau or Tau-Cl on the IL-8 mRNA expression in
FLS of RA patients. The cell treatment and mRNA evaluation was
performed as described in Figure 1, except that IL-8–specific primers
were used. For every sample, the ratio of tested to internal-standard
product was calculated and normalized on the basis of its b2-
microglobulin content. A, Values are the mean and SEM of 5
experiments, carried out using the same RNA samples as in Figures 1
and 2. Asterisks above the bars indicate statistically significant (or
nonsignificant [ns]) differences versus treatment with IL-1b alone. p 5
P 5 0.05–0.01; pp 5 P 5 0.01–0.001. B, Representative RT-PCR
products separated on agarose gel. See Figure 1 for other definitions.
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concentration of this compound (Figures 3A and B, lane
6). At the lower concentration of Tau-Cl, the inhibition
of IL-1b–triggered IL-8 production was less effective
(;24%) (Figures 3A and B, lane 5) and did not reach
the level of statistical significance. These results demon-
strate that in RA FLS, Tau-Cl, but not Tau, affects
IL-1b–triggered transcription of IL-6 and IL-8 genes.
Interestingly, we have found that the inhibitory effect of
Tau-Cl is more pronounced for IL-6 than for IL-8
transcription.

Effect of Tau-Cl on DNA binding activities of
NF-kB, AP-1, and OCT-1 transcription factors. In the
next part of our study, the cells were stimulated with
IL-1b (1 ng/ml) for either 30 minutes or 2 hours to
examine the DNA binding activities of NF-kB or AP-1,
respectively, by EMSA. At these time points, the DNA
binding activity of each particular transcription factor
was maximal (results not shown), which corresponds
with the observations of others (16,17). Because Tau had
no effect on the cytokine gene transcription (Figures 2
and 3), it was excluded from this part of the study. In
unstimulated cells, high DNA binding activity of NF-kB
(mean 6 SEM 1,307.6 6 246.4 optical density [OD]
units) was observed (Figures 4A and B). However, upon
stimulation with IL-1b, the binding was further signifi-
cantly raised (2,044.8 6 341 OD units; P 5 0.001),
reaching 156% of the control level (Figures 4A and B).
Tau-Cl at both tested concentrations (250 mM and 500
mM) almost completely blocked IL-1b–triggered NF-kB
activity (Figure 4B), reducing it significantly (P 5 0.02)
to the levels present in resting cells (1,538 6 288.6 and
1,528 6 298.5 OD units, respectively) (Figure 4A).

Similar to that of NF-kB, the spontaneous DNA
binding activity of AP-1 (1,401.4 6 362.6 OD units) was
also evident in unstimulated cells, while IL-1b treatment
elevated it significantly (4,295.6 6 230.5 OD units; P 5
0.001) (Figures 5A and B). At the lower (250 mM)
concentration, Tau-Cl had no effect on IL-1b–triggered
AP-1 activity, whereas the higher (500 mM) concentra-
tion reduced it significantly (P 5 0.04) to a level
(2,669.6 6 295.7 OD units) that represented 190% of the
level in unstimulated cells or 62% of that in IL-1b–
treated cells (Figure 5A). In contrast with the effect on
the NF-kB and AP-1 transcription factors, the DNA
binding activity of OCT-1 did not differ significantly
between unstimulated and IL-1b–activated cells, either
in the absence or presence of Tau-Cl (Figure 6).

The above results demonstrate that Tau-Cl re-
duces the IL-1b–triggered DNA binding activities of the
transcription factors that are indispensable for both IL-6

Figure 4. Effect of Tau-Cl on the DNA binding activity of transcrip-
tion factor nuclear factor kB (NFkB) in FLS of RA patients. Cells
were stimulated for 30 minutes with recombinant human IL-1b (1
ng/ml) alone or in the presence of the indicated concentrations of
Tau-Cl, or were left untreated. The nuclear protein extracts were
assayed by electromobility gel shift assay using NFkB consensus
oligonucleotides, then protein–DNA complexes were resolved on
nondenaturing gel, autoradiographed, and densitometrically scanned.
A, Values are expressed in arbitrary optical density (OD) units and
represent the mean and SEM of 5 experiments in which FLS of 5
different RA patients were used. p 5 P 5 0.05–0.01 versus treatment
with IL-1b alone. B, Representative autoradiograph showing the
positions of protein–DNA complexes of NFkB and unbound free
probe. The specificity of protein binding to the oligonucleotide probe
was verified by carrying out the control binding reactions (controls), in
which “hot NFkB” represents the positive control performed by
incubation of the nuclear proteins (5 mg) with 32P-labeled NFkB
consensus oligonucleotides (0.1 ng), “cold NFkB” represents the
negative control performed in the same conditions but preceded by
preincubation of the nuclear proteins with 100-fold excess of unlabeled
NFkB probe to prevent their binding to 32P-labeled NFkB consensus
oligonucleotides, and “no proteins” represents the negative control
performed without nuclear protein extracts. See Figure 1 for other
definitions.
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and IL-8 transcription. Furthermore, the findings show
that Tau-Cl is a more potent inhibitor of the NF-kB
DNA binding activity than that of AP-1.

DISCUSSION

Tau-Cl is synthesized by activated neutrophils
during respiratory burst and, to a lesser extent, by
activated monocytes, in a reaction in which Tau (2-
aminoethanesulfonic acid) serves as a scavenger of an
oxidant, hypochlorous acid (HOCl), which is produced
by the myeloperoxidase–H2O2–chloride system (8). The
physiologic concentrations of Tau-Cl are not yet known.
However, it is conceivable that during the inflammatory
response, this compound may accumulate and reach
high local concentrations in the mM range. This assump-
tion is based on the following observations. Tau, a
precursor of Tau-Cl, is a dominant free amino acid

Figure 5. Effect of Tau-Cl on the DNA binding activity of activator
protein 1 (AP-1) transcription factor in FLS of RA patients. The cell
treatment, nuclear protein preparation, and electromobility gel shift
assay were performed as described in Figure 4 with the following
exceptions: the time of cell stimulation was prolonged to 2 hours, and
AP-1 consensus oligonucleotides were applied. A, Values are ex-
pressed in arbitrary OD units and represent the mean and SEM of 5
experiments, carried out using FLS of the same RA patients as in
Figure 4. p 5 P 5 0.05–0.01; ns 5 not significant versus treatment with
IL-1b alone. B, Representative autoradiograph showing protein–DNA
complexes of AP-1 and unbound free probe. The control binding
reactions were carried out as described in Figure 4, but AP-1–specific
probe was applied. See Figures 1 and 4 for other definitions.

Figure 6. The DNA binding activity of octamer 1 (Oct-1) transcrip-
tion factor in FLS of RA patients. The cell treatment, nuclear protein
preparation, and electromobility gel shift assay were performed as
described in Figure 4 with the following exceptions: the cells were
stimulated for 30 minutes or 2 hours, and Oct-1 consensus oligonucleo-
tides were applied. A representative autoradiograph of 1 experiment
selected from 3 performed is shown. The differences between samples
were not statistically significant. The control binding reactions were
carried out as described in Figure 4, but Oct-1 probe was applied. See
Figures 1 and 4 for other definitions.
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present in most mammalian tissues and human blood
cells at concentrations of 10–20 mM, while in the plasma
and other physiologic fluids, it reaches concentrations of
50–100 mM (18). In vitro neutrophil suspension, at a
concentration found in blood, easily produces ;100 mM
of chloramine/hour, most of which is thought to be
Tau-Cl (19). In contrast with other oxidants, Tau-Cl is
much more stable, with decomposition occurring at
,5%/hour at 37°C (19).

Importantly, recent data have revealed that
Tau-Cl possesses some antiinflammatory activities and
thus represents more than an end-product of HOCl/
OCL2 detoxification (20–24). Our previous results,
which demonstrated that Tau-Cl inhibited the produc-
tion of proinflammatory cytokines by FLS of RA pa-
tients (9), support this opinion. Interestingly, data show-
ing altered functions of synovial fluid neutrophils (25),
as well as elevated plasma levels of Tau (26) and
hypertaurinuria (27), suggest a disturbed metabolism of
Tau/Tau-Cl that may limit the antiinflammatory re-
sponse in RA patients. The mechanism of antiinflamma-
tory action of Tau-Cl is far from clear. We have previ-
ously suggested that Tau-Cl might affect a common and
early signal transduction event(s) indispensable for trig-
gering IL-6 and IL-8 synthesis (9). The present studies
were conducted to test this hypothesis.

The results show that in FLS of RA patients,
Tau-Cl, but not Tau, inhibits IL-1b–triggered transcrip-
tion of IL-6 and IL-8 genes, and exerts a stronger
inhibitory effect on IL-6 (Figures 2A and B) than on
IL-8 (Figures 3A and B) mRNA expression. We noticed
that both 250 mM and 500 mM Tau-Cl significantly
inhibited the expression of IL-6 mRNA by 52.5% and
69%, respectively (Figure 2A). In contrast, IL-8 mRNA
expression was significantly reduced (by 68%) only in
the presence of high (500 mM) concentrations of this
compound (Figure 3A). Importantly, these results cor-
respond to previously reported 50% inhibitory concen-
tration values of Tau-Cl that were required for the
inhibition of IL-6 and IL-8 synthesis (;225 mM and
;450 mM, respectively) at the protein level (9).

Therefore, we conclude that in RA FLS, Tau-Cl
inhibits IL-6 and IL-8 synthesis, acting mostly at the
transcriptional level. This notion is consistent with the
opinion of others, that the synthesis of these cytokines in
human cells is mainly transcriptionally regulated (28,29).
Interestingly, Tau-Cl was also shown to inhibit transcrip-
tion of other genes, e.g., coding for inducible nitric oxide
synthase (30), whereas this compound was reported to
block the translation of TNFa and cyclooxygenase 2
(31,32). Although we can not totally exclude the possi-
bility that Tau-Cl may also affect translation of IL-6 and

IL-8, the similar potency of this compound in the
inhibition of cytokine expression at both the protein (9)
and transcriptional (Figures 2A and 3A) levels makes
such a possibility rather unlikely.

It is well documented that human IL-6 and IL-8
genes are under the control of several transcription
factors, including NF-kB and AP-1 (28,33–37). Accumu-
lating evidence suggests that different sets of nuclear
transcription factors might be responsible for the regu-
lation of IL-6 and IL-8 genes in a cell-type and inducer-
specific manner. Despite this, the activation of NF-kB
seems to be indispensable for the IL-6 and IL-8 gene
transcription in the majority of cell types, including RA
FLS (16,17,38–40). The role of AP-1 in the regulation of
IL-6 and IL-8 transcription is more complex. AP-1 was
shown to regulate IL-6 promoter activity either in a
positive or a negative manner depending on its interac-
tion with either NF-kB (41) or nuclear factor IL-6 (42),
respectively. On the other hand, in some cell types, sole
activation of AP-1 is sufficient to trigger IL-8 transcrip-
tion (43).

The results of the present study confirmed the
importance of NF-kB and AP-1 for IL-1b–triggered
transcription of IL-6 and IL-8 genes in RA FLS. We
observed that in IL-1b–stimulated cells, the rise in DNA
binding activity of NF-kB (Figure 4) and AP-1 (Figure
5) preceded the elevation of IL-6 (Figure 2) and IL-8
(Figure 3) mRNA. More importantly, we demonstrated
that in IL-1b–stimulated cells, Tau-Cl reduced the DNA
binding activities of NF-kB and AP-1 (Figures 4 and 5),
and consequently inhibited transcription of IL-6 and
IL-8 (Figures 2 and 3). Interestingly, the present results
show that at a concentration of 250 mM, Tau-Cl selec-
tively reduced the NF-kB binding (Figure 4) and IL-6
transcription (Figure 2), without affecting either AP-1
binding (Figure 5) or IL-8 transcription (Figure 3). In
contrast, 500 mM of Tau-Cl concomitantly diminished
the NF-kB and AP-1 binding activities (Figures 4 and
5), and subsequently reduced IL-8 mRNA expression
(Figure 3).

Therefore, these results suggest that IL-1b–
triggered transcription of IL-6 in FLS of RA patients is
mostly under the control of NF-kB, while both NF-kB
and AP-1 are important for triggering transcription of
IL-8. Moreover, the sequence of events inhibited by
Tau-Cl, as well as the failure of this compound to affect
either OCT-1 binding (Figure 6) or b2m mRNA expres-
sion (Figure 1), suggest that the inhibitory action of
Tau-Cl on the transcription of the tested cytokines is a
consequence of the reduction in NF-kB and AP-1 bind-
ing to DNA. It should be noted that the DNA binding
activity of OCT-1, which was reported to regulate spon-
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taneous, but not inducible, IL-8 transcription (44), was
neither elevated by IL-1b nor affected by Tau-Cl (Figure
6). We could not exclude the possibility that Tau-Cl may
also affect the activity of nuclear factor IL-6 transcrip-
tion factor, which represents another important tran-
scriptional regulator of genes coding for IL-6 and IL-8
(45). However, considering that the maximal inhibitory
effect of Tau-Cl on the tested events was of similar range
(inhibition by 60–70%), this possibility is rather unlikely.

Finally, it should be pointed out that similar
inhibitory effects of Tau-Cl on the tested cytokine
transcription, as well as on NF-kB and AP-1 DNA
binding activities, were observed in 3 experiments in
which TNFa (10 ng/ml), instead of IL-1b, was used to
stimulate RA FLS (results not shown). The results of
these studies provide additional support to the findings
presented above.

Regulation of NF-kB and AP-1 transcriptional
activities is complex (for review, see refs. 46 and 47).
Interestingly, the DNA binding activity of these tran-
scription factors is regulated by an oxidoreductive mech-
anism (“redox regulation”) (48,49). There are also data
showing the redox-mediated regulation of NF-kB in RA
patients. Thioredoxin, a cellular reducing catalyst in-
duced by oxidative stress and present at high concentra-
tions in the synovial fluid of RA patients, was suggested
to participate in the aggravation of rheumatoid inflam-
mation by augmenting the NF-kB activation pathway
(17). Moreover, nuclear translocation of NF-kB and the
production of IL-6 and IL-8 in RA FLS stimulated in
vitro with proinflammatory cytokines (TNFa or IL-1b)
are blocked by antioxidants (16). Finally, aurothioglu-
cose inhibition of IL-1b–triggered IL-6 and IL-8 synthe-
sis by RA FLS was shown to result from the oxidation of
NF-kB and the abrogation of NF-kB DNA binding (40).
Therefore, although we did not investigate the molecu-
lar mechanism(s) of Tau-Cl action on NF-kB and AP-1
binding activities, it is tempting to speculate that Tau-Cl,
which is a weak oxidant (8), might act via interference
with the oxidoreductive cellular status.

Accumulating evidence supports the pivotal role
of NF-kB in inflammation. A broad range of genes
encoding proinflammatory proteins—not only cytokines,
but also growth factors, adhesion molecules, and stress
proteins—are activated by NF-kB (46). The nuclear
localization of NF-kB in the synovial lining cells from
freshly isolated tissues of RA patients was demonstrated
(50,51), indicating that activation of NF-kB occurs in
situ. Therefore, NF-kB could be an obvious target for
new types of antiinflammatory treatment, including
treatment of RA. In this context, our new finding that

Tau-Cl normalizes the binding activity of NF-kB is of
particular importance, and suggests that this compound
might represent a potent antiinflammatory physiologic
factor.

In summary, we demonstrate that in FLS of RA
patients, Tau-Cl inhibits transcription of genes encoding
IL-6 and IL-8. We conclude that inhibition of cytokine
transcription is preceded by the down-regulation of
NF-kB and AP-1 DNA binding by this compound. To
our knowledge, this is the first study that demonstrates
the ability of Tau-Cl to affect the activity of transcription
factors.
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mond AG, Robson T, Ryżewska A, et al. Th1-type cytokine
mRNA in rheumatoid arthritis mononuclear cells induced by

2176 KONTNY ET AL



streptococcal pyrogenic exotoxin A. Rheumatology 1999;38:
1022–4.

14. Andrews NC, Faller DV. A rapid micropreparation technique for
extraction of DNA-binding proteins from limiting numbers of
mammalian cells [letter]. Nucleic Acids Res 1991;19:2499.

15. Kontny E, Kurowska M, Szczepańska K, Maśliński W. Rottlerin, a
PKC isozyme-selective inhibitor, affects signaling events and cyto-
kine production in human monocytes. J Leukoc Biol 2000;67:
249–58.

16. Sakurada S, Kato T, Okamoto T. Induction of cytokines and
ICAM-1 by proinflammatory cytokines in primary rheumatoid
synovial fibroblasts and inhibition by N-acetyl-L-cysteine and
aspirin. Int Immunol 1996;8:1483–93.

17. Yoshida S, Katoh T, Tetsuka T, Uno K, Matsui N, Okamoto K.
Involvement of thioredoxin in rheumatoid arthritis: its costimula-
tory roles in the TNF-a-induced production of IL-6 and IL-8 from
cultured synovial fibroblasts. J Immunol 1999;163:351–8.

18. Learn DB, Fried VA, Thomas EL. Taurine and hypotaurine
content in human leukocytes. J Leukoc Biol 1990;48:174–82.

19. Grisham MB, Jefferson MM, Melton DF, Thomas EL. Chlorina-
tion of endogenous amins by isolated neutrophils: ammonia-
dependent bactericidal, cytotoxic, and cytolytic activities of the
chloramines. J Biol Chem 1984;259:10404–13.

20. Marcinkiewicz J, Grabowska A, Bereta J, Stelmaszynska T. Tau-
rine chloramine, a product of activated neutrophils, inhibits in
vitro the generation of nitric oxide and other macrophage inflam-
matory mediators. J Leukoc Biol 1995;58:667–74.

21. Marcinkiewicz J, Grabowska A, Bereta J, Bryniarski K, Nowak B.
Taurine chloramine down-regulates the generation of murine
neutrophil inflammatory mediators. Immunopharmacology 1998;
40:27–38.

22. Park E, Quinn MR, Wright CE, Schuller-Levis G. Taurine chlo-
ramine inhibits the synthesis of nitric oxide and the release of
tumor necrosis factor in activated RAW 264.7 cells. J Leukoc Biol
1993;54:119–24.

23. Kim C, Park E, Quinn MR, Schuller-Levis G. The production of
superoxide anion and nitric oxide by cultured murine leukocytes
and the accumulation of TNF-a in the conditioned media is
inhibited by taurine chloramine. Immunopharmacology 1996;34:
89–95.

24. Marcinkiewicz J, Nowak B, Grabowska A, Bobek M, Petrovska L,
Chain B. Regulation of murine dendritic cell functions in vitro by
taurine chloramine, a major product of the neutrophil
myeloperoxidase-halide system. Immunology 1999;98:371–8.

25. Edwards SW, Hallett MB. Seeing the wood for the trees: the
forgotten role of neutrophils in rheumatoid arthritis. Immunol
Today 1997;18:320–4.

26. Trang LE, Furst P, Odeback AC, Lovgren O. Plasma amino acids
in rheumatoid arthritis. Scand J Rheumatol 1985;14:393–402.

27. Rylance HJ. Hypertaurinuria in rheumatoid arthritis. Ann Rheum
Dis 1969;28:41–4.

28. Mukaida N, Okamoto S, Ishikawa Y, Matsushima K. Molecular
mechanism of interleukin-8 gene expression. J Leukoc Biol 1994;
56:554–8.

29. Sehgal PB. Regulation of IL-6 gene expression. Res Immunol
1992;143:724–34.

30. Park E, Schuller-Levis G, Jia JH, Quinn MR. Preactivation
exposure of RAW 264.7 cells to taurine chloramine attenuates
subsequent production of nitric oxide and expression of iNOS
mRNA. J Leukoc Biol 1997;61:161–6.

31. Park E, Schuller-Levis G, Quinn MR. Taurine chloramine inhibits
production of nitric oxide and TNF-a in activated RAW 264.7 cells
by mechanisms that involve transcriptional and translational
events. J Immunol 1995;154:4778–84.

32. Quinn MR, Park E, Schuller-Levis G. Taurine chloramine inhibits

prostaglandin E2 production in activated RAW 264.7 cells by
post-transcriptional effects on inducible cyclooxygenase expres-
sion. Immunol Lett 1996;50:185–8.

33. Tanabe O, Akira S, Kamiya T, Wong GG, Hirano T, Kishimoto T.
Genomic structure of the murine IL-6 gene: high degree conser-
vation of potential regulatory sequences between mouse and
human. J Immunol 1988;141:3875–81.

34. Shimizu H, Mitomo K, Watanabe T, Okamoto S, Yamamoto K.
Involvement of a NF-kB-like transcription factor in the activation
of the interleukin-6 gene by inflammatory lymphokines. Mol Cell
Biol 1990;10:561–8.

35. Liebermann TA, Baltimore D. Activation of interleukin-6 gene
expression through the NF-kB transcription factor. Mol Cell Biol
1990;10:2327–34.

36. Akira S, Isshiki H, Nakajima T, Kinoshita S, Nishio Y, Natsuka S,
et al. Regulation of expression of the interleukin-6 gene: structure
and function of the transcription factor NF-IL6. CIBA Found
Symp 1992;167:47–67.

37. Mukaida N, Mahe Y, Matsushima K. Cooperative interaction of
nuclear factor-kappa B- and cis-regulatory enhancer binding pro-
tein-like factor binding elements in activating the interleukin-8
gene by pro-inflammatory cytokines. J Biol Chem 1990;265:
21128–33.

38. Sakane T, Suzuki N, Hirose Y, Miura K, Wakisaka S, Nagafuchi
H, et al. Mechanisms of KE298, 2-acetylthiomethyl-3-(4-
methylbenzoyl) propionic acid, to suppress abnormal synovial cell
functions in patients with rheumatoid arthritis. J Rheumatol
1997;24:2213–20.

39. Baumann H, Kushner I. Production of interleukin-6 by synovial
fibroblasts in rheumatoid arthritis. Am J Pathol 1998;152:641–4.

40. Yoshida S, Kato T, Sakurada S, Kurono C, Yang JP, Matsui N, et
al. Inhibition of IL-6 and IL-8 induction from cultured rheumatoid
synovial fibroblasts by treatment with aurothioglucose. Int Immu-
nol 1999;11:151–8.

41. Stein B, Baldwin AS Jr, Ballard DW, Green WC, Angel P,
Herrlich P. Cross-coupling of the NF-kB p65 and Fos/Jun tran-
scription factors produces potentiated biological function. EMBO
J 1993;12:3879–91.

42. Hsu W, Kerpolla TK, Curran T, Chen-Kiang S. Fos and Jun
repress transcription activation by NF-IL6 through association at
the basic zipper region. Mol Cell Biol 1994;14:268–76.

43. Desbaillets I, Diserens AC, de Tribolet N, Hamou MF, van Meir
EG. Regulation of interleukin-8 expression by reduced oxygen
pressure in human glioblastoma. Oncogene 1999;18:1447–56.

44. Wu GD, Lai EJ, Huang N, Wen X. Oct-1 and CCAAT/enhancer-
binding protein (C/EBP) bind to overlapping elements within the
interleukin-8 promoter. J Biol Chem 1997;272:2396–403.

45. Akira S. IL-6-regulated transcription factors. Int J Biochem 1997;
29:1401–18.

46. May MJ, Ghosh S. Signal transduction through NF-kB. Immunol
Today 1998;19:80–8.

47. Foletta VC. Transcription factor AP-1, and the role of Fra-2.
Immunol Cell Biol 1996;74:121–33.

48. Sen CK, Packer L. Antioxidant and redox regulation of gene
transcription. FASEB J 1996;10:709–20.

49. Li N, Karin M. Is NF-kB the sensor of oxidative stress? FASEB J
1999;13:1137–43.

50. Handel ML, McMorrow LB, Gravallese EM. Nuclear factor–kB in
rheumatoid synovium: localization of p50 and p65. Arthritis
Rheum 1995;38:1762–70.

51. Marok R, Winyard PG, Coumbe A, Kus ML, Gaffney K, Blades S,
et al. Activation of the transcriptional factor nuclear factor–kB in
human inflamed synovial tissue. Arthritis Rheum 1996;39:583–91.

52. Larsen A. Radiological grading of rheumatoid arthritis: an inter-
observer study. Scand J Rheumatol 1973;2:136–8.

TAU-Cl CYTOKINE INHIBITION IN RA FLS 2177


