
The effect of taurine chloramine on pro-inflammatory cytokine
production by peripheral blood mononuclear cells isolated from

rheumatoid arthritis and osteoarthritis patients

M. Chora
‘
z.y-Massalska1, E. Kontny1, A. Kornatka1, M. Rell-Bakalarska2, 

J. Marcinkiewicz3, W. Maśliński1
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Abstract
Objective

Pro-inflammatory cytokines play a critical role in the pathogenesis of RA. Anatural oxidant, TauCl exerts anti-inflammatory
activities. Here, the effects of Tau and TauCl on key pro-inflammatory cytokines – IL-1 , IL-6 and TNF- production by

LPS-triggered peripheral blood mononuclear cells (PBMCs) isolated from RA and OA patients and healthy blood donors –
were examined.

Methods
PBMCs were stimulated with LPS (24 h) in the presence of Tau or TauCl (200-400 M). Cytokine production was measured

in culture supernatants (secreted) and cells lysates (cell-associated) using specific ELISAs.

Results
Production of the secreted forms of IL-1 and IL-6 was inhibited by TauCl with IC50 250 M and 300-400 M respectively,
in all investigated groups. In all cultures of PBMCs TauCl raised the TNF- production at the low concentration (200 mM),
while at the higher concentration (400 M) either reduced it (55% of RA, 70% of OA patients and 55% of healthy donors)

or exerted no effect (remainder of patients). Interestingly, Tau did not significantly affect any cytokine production.

Conclusion
TauCl at high concentrations down-regulates pro-inflammatory cytokine production. However, the impact of TauCl on 

TNF- production by PBMCs from RA is more limited than in cells isolated from OApatients.
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Introduction
The role of pro-inflammatory cyto-
kines, produced either by cells infiltrat-
ing inflammed joints or by fibroblast-
like synoviocytes (FLS), is well estab-
lished and documented in RA pathoge-
nesis (1, 2). Among a broad array of cy-
tokines detected in inflammed joints
(3) IL-1β, IL-6 and TNF-α appear to be
of special importance. These cytokines
actively induce and regulate both in-
nate and acquired immune responses
(4) and their blood concentration corre-
lates with the severity of RA (1). Fur-
ther support for the participation of
these cytokines in pathogenic processes
comes from the eff e ctiveness of thera-
pies based on the modulation or block-
ing activities of TNF-α (5), IL-1β (6)
and IL-6 (7) in RApatients.
Two major cell types infiltrating RA
synovium are neutrophils in the syno-
vial fluid and macrophages in the syno-
vial tissue (1,8). It is well known that
release of reactive oxidants from these
cells in inflammed joints is at least
partly responsible for the tissue dam-
age described in RA(9). Hypochlorous
acid (HOCl) is generated mostly by
neutrophils and represents the major
product of their oxidative metabolism.
Because of its high reactivity, HOCl is
immediately consumed in many reac-
tions, e.g. with amines that yield addi-
tional new oxidants (10). Taurine, an
abundant amino acid present in most
mammalian tissues, is a well known
antioxidant. Taurine chloramine form-
ed in the reaction of Tau with HOCl, is
a long-lived, but weaker oxidant than
HOCl endowed with many anti-inflam-
matory properties (11). 
In the light of growing evidence regar-
ding  the anti-inflammatory role of tau-
rine chloramine in general and especial-
ly against the pathological properties of
FLS (12), we were interested in whe-
ther TauCl also affects the production of
pro-inflammatory cytokines by PBMCs.
Since TauCl affects the synthesis of
pro-inflammatory cytokines produced
by PBMCs isolated from healthy volun-
teers (13), in the present study we com-
pared the ability of TauCl to modulate
the production of pro-inflammatory cy-
tokines (IL-1β, IL-6, T N F -α) by PBMCs
isolated from RAand OApatients. 

Materials and methods
Patients and control subjects
Thirty patients with RA or OA symp-
toms were recruited from the Outpa-
tient Clinic at the Institute of Rheuma-
tology. All patients met the American
College of Rheumatology classifica-
tion criteria for RA (n=20), or OA (n=
10) (14). The study was approved by
the local Ethics Commitee. Most of the
R A patients (85%) were receiving a
slow-acting anti-rheumatic drug sul-
fasalazine (14 patients) or sulfasalazine
plus encorton (3 patients) and all of the
O A patients were being treated with
nonsteroid anti-inflammatory drugs
(NSAID). To better understand the cor-
relation between the effect of Ta u C l
treatment on production of pro-inflam-
matory cytokines, we divided the RA
patients into 2 groups: younger (9F/
1M, age range 25-49 years, mean ±
SEM = 40,0 ± 3,0) and older (9F/1M,
age range 56-79 years, mean ± SEM =
65.7±1.9) than 50. For comparison, the
production of pro-inflammatory cyto-
kines were measured in 20 age-match-
ed healthy volunteers: 10 younger (6F/
4M, age range 20-49 years, mean±
SEM=35.0±3.3) and 10 older (7F/3M,
age range 52-75 years, mean ± SEM =
61.6 ± 2.1) than 50 years. The OA pa-
tients (10F, age range 50-74 years,
mean ± SEM = 63.9 ± 2.8) were con-
sidered as an older group.

Cell culture and treatment
PBMCs were isolated from heparinized
blood on Gradisol L density gradient
(Polfa, Poland). Cells (1 x 106/ml) were
cultured in 24-well flat-bottom plates
(Nunc A/S, Roskilde, Denmark) in
RPMI 1640 medium supplemented
with 10% fetal calf serum (FCS; Bio-
chrom KG, Berlin, Germany), 2 mM L-
glutamine, 100 units/ml penicillin, 10
µg/ml kanamycin and 100 µg/ml strep-
tomycin in humidified 5% CO2 atmo-
sphere at 37ºC. Cells, obtained from
each donor, were stimulated for 24
hours with 5 µg/ml lipopolysaccharide
(LPS; E. coli 055:B5; Difco, Detroit,
MI) in the presence of either Tau/TauCl
or control media. TauCl or Tau was ad-
ded at the 200-400 µM concentration
simultaneously with the activator. Nei-
ther compound was cytotoxic at the
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tested concentrations, as estimated by
the measurement of lactate dehydroge-
nase activity (LDH; Takara Shuzo Co,
Otsu, Shiga, Japan) in culture superna-
tants. After incubation, the superna-
tants were collected, clarified by cen-
trifugation at 400xg for 10 minutes and
frozen at -70ºC until the assay estimat-
ing the production of the secreted form
of the cytokines. The synthesis of the
cell-associated form of cytokines was
measured in cell lysates, obtained by 3
cycles of freezing-thawing of cells re-
suspended in 1 ml of freshly added cul-
ture medium.

ELISAs for IL-1 , IL-6 and TNF-
detection
Sandwich ELISAs for measurement of
I L - 1β and IL-6 concentrations were
carried out using the modified method
described by Kontny et al. (15). Goat
polyclonal antibody (Ab) specific for
human IL-6 and mouse monoclonal
anti-human IL-1β Ab (both from R&D
Systems, Minneapolis, MN) were used
as the capture antibodies, respectively.
Cytokine specific rabbit polyclonal
Abs (both from Sigma, St. Louis, MO,
USA) were used as the detection anti-
bodies, followed by horseradish perox-
idase-conjugated goat anti-rabbit A b
and o-phenylenediamine dihydrochlo-
ride (Sigma) as substrate. Recombinant
human IL-1β and IL-6 (R&D Systems)
were used as standards. The T N F -α
concentration was specifically quanti-
fied using Opt EIA™ SET (Pharmingen,
San Diego, CA). Optical density was

determined with an ELISA reader (LP
400, Diagnostics Pasteur, France) at
450 nm (for TNF-α) and 492 nm (for
IL-1β and IL-6). The sensitivity limit
was 15.6 pg/ml for TNF-α and 39 pg/
ml for both IL-1β and IL-6.

Synthesis of TauCl
Taurine monochloramine was prepared
by chlorination of taurine (Sigma) with
NaOCl (Aldrich, Steinheim, Germany)
using the method previously described
(16). Stock solutions of Tau and TauCl
were kept at 4ºC for a maximum period
of 3 days before use.

Statistical analysis
Data are presented as the mean ± SEM.
Repeated measures analysis of vari-
ance (ANOVA) followed by post hoc
Tukey’s test were applied to evaluate
the effect of Tau/TauCl on LPS stimu-
lated cells. P values less than 0.05 were
considered significant.

Results
Spontaneous production of IL-1 , IL-6
and TNF- in RA and OA patients and
healthy volunteers
Spontaneous production of IL-6 and
TNF-α by PBMCs isolated from heal-
thy volunteers but not from RA p a-
tients, increased with age showing a
positive correlation (data not shown).
Interestingly, there was a tendency to-
ward the higher spontaneous produc-
tion of IL-1β, IL-6 and TNF-α by RA
patients younger than 50 years (mean ±
SEM = 615.2 ±334.4; 5903.8 ± 2210.0;

640.1 ±418.2 pg/ml respectively) than
in age-matched healthy donors (mean ±
S E M = 7 5 . 0 ± 49.6; 2707.4 ± 1 5 1 9 . 4 ;
8 4 . 7 ± 4 7 . 1 pg/ml respectively) (data
not shown). LPS significantly raised
the synthesis of secreted and cell-asso-
ciated forms of tested cytokines, result-
ing in an increase of IL-6> I L - 1β >
TNF-α secretion (Table I). The majori-
ty of produced cytokines was secreted
outside the cells. There were no signifi-
cant differences in spontaneous or
LPS-stimulated cytokine production
between healthy blood donors and RA
or OA patients when compared by age
(younger or older than 50 years). The
statistically important difference be-
tween OA patients and the age-match-
ed healthy group (people belonging to
both groups were older than 50 years)
was observed only in the L P S - i n d u c e d
production of IL-6 (18876 vs 11 9 8 2
pg/ml, p < 0.05).

The effect of taurine and taurine 
chloramine on IL-1 , IL-6 and TNF-
p roduction by PBMCs isolated from
RA, OA patients and healthy controls
Taurine did not exert a significant ef-
fect on the LPS-triggered production of
either IL-1β (Fig. 1) or IL-6 (Fig. 2) or
TNF-α (data not shown) in any of the
investigated groups. In contrast, TauCl
significantly and in a dose-dependent
manner reduced LPS-induced cytokine
production of both forms of IL-1β and
IL-6 (Figs. 1-2). Production of IL-1β
was inhibited by a lower concentration
of TauCl (IC50 ≈ 250 µM) than IL-6

Table I. The stimulatory effect of LPS on IL-1β, IL-6 and TNF-α production.

IL-1β (pg/ml) IL-6 (pg/ml) TNF-α (pg/ml)
Group

Secreted Cell-associated Secreted Cell-associated Secreted Cell-associated

C vs LPS 659,5 vs 3903,8 373,4 vs 1252,6 6769,3 vs 19094,3 974 vs 3451 511,6 vs 2312,3 75,2 vs 304,6
Healthy

p **** **** **** **** *** ***

C vs LPS 871,1 vs 3155,8 550,8 vs 1059,6 6571 vs 13363,7 630,7 vs 1311,8 448,4 vs 1888,8 48,1 vs 151,5
RA

p *** NS ** ** *** ****

C vs LPS 953,2 vs 3175,7 455,9 vs 771,5 7535,9 vs 11981,8 754,4 vs 1208,8 523 vs 1306,1 80,5 vs 167,2
OA

p *** NS * NS ** *

C: not stimulated; LPS: after LPS stimulation; p value ≤ 0,05 were considered as statistically significant *0.01<P< 0.05; **0.001<P< 0.01; ***0.0001<P<
0.001; ****0.00001< P< 0.0001; NS: not significant.
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(IC50 300-400 µM) in all investigated
groups (Figs. 1-2). The effect of TauCl
on TNF-α production was more com-
plex. At the low concentration (200
µM) an enhancement of TNF-α pro-
duction was observed. At the higher
concentration (400 µM) T N F -α p r o-
duction was lowered in some RA and
OA patients and in some healthy do-
nors, while in the remaining subjects
levels were unchanged. To investigate
this finding, all patients and healthy in-

dividuals were divided into two groups.
Group I consisted of responders, i.e.
individuals whose PBMCs produced
less TNF-α in the presence of the high
concentration (400 µM) of TauCl, and
group II (non-responders), whose cells
produced equal amount of TNF-α in
the presence or absence of TauCl (400
µM) (Table II). In the responder group
TauCl decreased T N F -α p r o d u c t i o n
with IC50 325-375 µM (Fig. 3). 

Young RApatients with relatively short
disease duration respond to taurine
chloramine treatment
More than 50% of the RA, OApatients
and healthy controls were considered
as responders (Table II). There was no
significant difference in age between
O A responder and non-responder
groups (mean ± SEM = 64.6 ± 3.3 ver-
sus 62.3 ± 6.9) or in the mean duration
of symptoms (mean ± SEM = 4.4 ± 1.2
versus 3.7 ± 0.9 years). Similarly, heal-

Fig. 1. Effects of taurine (Tau) or taurine chloramine (TauCl) on the LPS
triggered production of IL-1β by peripheral blood mononuclear cells
(PBMCs). Cells were cultured 24 hours with 5mg/ml LPS (control) or in
the presence of investigated concentrations of Tau or TauCl. Concentra-
tions of two forms of the cytokine: secreted in culture supernatants (S) and
cell-associated in lysates (C) were measured by ELISAspecific for IL-1β
(as described in Materials and Methods). Results are expressed as a per-
centage of the responses noted in cell cultures without Tau or TauCl and
represent the cytokine production by PBMCs isolated from peripheral
blood of RA (n = 20), OA (n = 10) patients and healthy volunteers (n =
20). The differences between control cells and those treated with Tau were
statistically insignificant. *0.01 < P< 0.05; **0.001 < P< 0.01; ***0.0001
< P< 0.001; ****0.00001 < P < 0.0001; for TauCl treated versus control
cells. NS = not significant.

Fig. 2. Effects of Tau or TauCl on the LPS triggered production of IL-6
by PBMCs. Concentrations of two forms of the cytokine: secreted in cul-
ture supernatants (S) and cell-associated in lysates (C) were measured by
ELISA specific for IL-6 . Results are expressed as a percentage of the
responses noted in cell cultures without Tau or TauCl and represent the
cytokine production by PBMCs isolated from peripheral blood of RA,
OA patients and healthy donors. The differences between control cells
and those treated with Tau were statistically insignificant. *0.01 < P <
0.05; ***0.0001 < P< 0.001; ****0.00001 < P< 0.0001 for TauCl treat-
ed versus control cells. NS = not significant (see Fig. 1 for other defini-
tions).
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thy responders and non-responders did
not differ in age (mean ± SEM = 47.2 ±
5.4 versus 49.7± 4.9). Interestingly, the
group of RA responders was much
younger than non-responders (mean ±
SEM = 45.9 ± 4.8 versus 61.3±3.3; p=
0.01) and were characterized by a shor-
ter duration of symptoms (mean ± SEM
= 3.8 ± 1.1 versus 9.0 ± 2.0; p=0.04).
78% of RA non-responders were pa-
tients with disease duration more than
4 years and older than 50 years old
(Table II). There was no difference be-
tween the laboratory parameters (hae-
matocrit, haemoglobin, ESR values;
platelets, leukocytes or erythrocytes
counts) in the responder versus non-
responder groups neither in RAnor OA
patients (data not shown).

Discussion
Leukocytes that infiltrate the synovium
in RA patients are potent producers of
pro-inflammatory cytokines. These cy-
tokines in turn activate FLS (the cells
representing active participants of all
pathological processes in RA). Data
from several laboratories have indicat-
ed TauCl, a stable oxidant produced in
reaction of taurine with HOCl at the
site of inflammation, as an important
physiologic immunoregulatory factor
(17).
A series of studies performed in our
laboratory using fibroblast-like syno-
viocytes isolated from RA p a t i e n t s ,
show that TauCl inhibits many patho-
logical functions of RAFLS: their pro-
liferation (18), IL-6 and IL-8 produc-
tion (19) and COX-2-mediated genera-
tion of PGE2 (20). Furthermore, the
first study to use TauCl in vivo for im-

mune intervention shows that the early
administration of TauCl resulted in the
delay of the onset of collagen-induced
arthritis (CIA) in DBA1/J mice (21).
In the present study, the production of
IL-1β and IL-6 by human PBMC iso-
lated from RA patients, OA p a t i e n t s
and healthy volunteers was significant-
ly reduced in the presence of TauCl. In-
terestingly, in all investigated groups,
TauCl exerted a dual effect on TNF-α
production (increasing it at low and re-
ducing at high concentrations). How-
e v e r, significant inhibition of T N F -α
synthesis by TauCl was observed only
in ≈ 50% of tested patients and healthy
donors (the responders group).
The present data, similar to our previ-
ously reported findings (13), support
the suggestion that TauCl at low con-
centrations which increase TNF-α syn-
thesis, may favor the initiation of pro-
tective inflammation, while at a higher
concentration (400 µM) may control
the further amplification of the process
and gradually reduce pro-inflammatory
cytokine synthesis: IL-1β, IL-6 and
TNF-α. TauCl by reducing the TNF-α
production can limit the level of the
Th1 response. This thesis accords with
the decreased production of IL-2 by
PHA-activated non-adherent leuko-
cytes upon TauCl treatment reported by
Park (22). These authors have shown
that TauCl, at a concentration of 400
µM, suppressed superoxide anion, IL-6
and IL-8 production in activated
healthy human peripheral blood PMNs.
However, the reduction in TNF-α in
activated monocytes treated with TauCl
(400 µM) was not statistically signifi-
cant. This is in correspondence with

present results showing TauCl (400
µM) to be able to reduce significantly
the TNF-α production only in some pa-
tients belonging to all tested groups.
However, according to Marcinkiewicz
et al. TauCl treatment did not affect the
production of IL-2, TNF-α and reactive
oxygen species (ROS) by murine den-
dritic cells (DC)-stimulated T c e l l s
(23). Those different effects of TauCl
on IL-2 production can result from dif-
ferent cell types or the stimulus used in
above mentioned papers. 
The physiologic concentrations of
TauCl are not known, although taurine
is the single most abundant amino acid
present in leukocytes (20-50 mM) (17).
According to Weiss (24), activation of
human neutrophils (~ 2 x 106/ml) in the
presence of physiologically relevant
c o ncentrations of Tau (12.5-15 mM) re-
sults in the generation of roughly 100
nmol of TauCl per 2h. Since the inflam-
matory site is heavily infiltrated with
neutrophils (even up to ~25x106 neu-
trophils/ml) (10), it is conceivaible that
local accumulation of TauCl may easily
reach the mM range (12).
Traditionally osteoarthritis, unlike RA,
has been treated as a degenerative and
non-inflammatory condition. In partic-
ular, the participation of cytokines in
events leading to RA pathogenesis is
widely acknowledged, while in OAcli-
nical indications of inflammation (like
synovial swelling and joint eff u s i o n )
are thought to be a secondary response
to tissue injury and not a primary path-
ogenic event (25). Although OA syno-
vium itself does not exhibit significant
cellular proliferation or infiltration by
inflammatory leukocytes and OAis not

Table II. Patient demographic data.

Healthy donors RApatients OApatients
Diagnosis (n=20) (n=20) (n=10)

Responders Non-responders Responders Non-responders Responders Non-responders

Number of patients (% of all) 11/20 (55%) 9/20 (45%) 11/20 (55%) 9/20 (45%) 7/10 (70%) 3/10 (30%)

Age: mean (range) in years 47,2 (20-75) 49,7 (26-68) 45,9 (25-72)* 61,3 (47-79)* 64,6 (52-73) 62,3 (50-74)

Mean duration of symptoms, years 3,8* 9,0* 4,4 3,7

% older people (> 50 years) 6/11 (55%) 4/9 (44%) 3/11 (27%) 7/9 (78%) 7/7 (100%) 3/3 (100%)

% with short time of symptoms@ 9/11 (82%) 2/9 (22%) 4/7 (57%) 2/3 (67%)

Footnotes:
RA: rheumatoid arthritis, Oa: osteoarthritis; * Significance (p value ≤ 0,05) responders versus non-responders; no significance was observed between the
responder and non-responder groups in healthy donors and OApatients; @ patients with duration of symptoms ≤ 4 years.
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a systemic disease, there is high upreg-
ulation of various pro-inflammatory
genes in human OAcartilage as compar-
ed with normal cartilage (26). In the

LPS-induced secretion of IL-6 by
PBMCs isolated from healthy people
(but only in the group older than 50
years) and OA patients (the whole

group is older than 50 years), a statisti-
cally important difference was noticed
(18876 vs 11982 pg/ml; p<0.05). This
would support the notion that the "in-
flammatory component" is not restrict-
ed only to the cartilage and bone and
that although OA-affected chondro-
cytes do not qualify for the typical def-
inition of inflammation, it cannot be
treated as “non-inflammatory control”
or a surrogate for normal joint tissue.
Although the effect of TauCl on OA
PBMCs is comparable with that exert-
ed on PBMCs from RAand healthy do-
nors (Figs. 1-3) the percent of respon-
ders from this group is much higher
(70%) than in RA or healthy people (in
both 55%). 
Although TauCl triggered the inhibi-
tion of T N F -α synthesis by PBMCs
isolated from some, but not all healthy
donors (55%), and RA (55%) and OA
(70%) patients, the RAresponder group
was characterized by younger age and
shorter duration of symptoms. Thus, it
is possible that TauCl is a more potent
inhibitor of pro-inflammatory cytokine
synthesis in the early than in the late
phase of RAdevelopment. 
In conclusion, we present evidence that
TauCl at concentrations higher than
300 mM inhibits pro-inflammatory cy-
tokine production by peripheral blood
mononuclear cells. These anti-inflam-
matory properties of TauCl may be of
therapeutic value.
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