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SUMMARY

Taurine chloramine (TauCl) is a major chloramine generated in activated neutrophils as a result of

the reaction of highly toxic hypochlorous acid and taurine, the most abundant free amino acid in

cytosol. In this study we have tested the in¯uence of TauCl on the properties of murine dendritic

cells (DC), the major cell population involved in the initiation of an adaptive immune response

against pathogenic organisms. N418+, MHC II+, B7-2+ dendritic cells, generated from the mouse

bone marrow cells cultured in the presence of granulocyte±macrophage colony-stimulating factor,

were stimulated by interferon-c and lipopolysaccharide to produce nitric oxide, reactive oxygen

species, interleukin-6 (IL-6), tumour necrosis factor-a, and IL-12, in the presence of different doses

of TauCl. TauCl differently inhibited the generation of these in¯ammatory mediators in a dose-

dependent manner. Furthermore, TauCl selectively modulated the ability of DC to induce the

release IL-2 and IL-10 from T cells. These results suggest that neutrophil-derived mediators, such as

TauCl, at a site of in¯ammation, may affect the functions of sentinel DC and macrophages, and

play a role in maintaining the balance between the in¯ammatory response and the induction of an

antigen-speci®c immune response.

INTRODUCTION

Dendritic cells (DC) are bone marrow-derived cells that

function as professional antigen-presenting cells (APC).1,2

Their strategic distribution in non-lymphoid tissues (e.g.

Langerhans' cells of the skin), and a high capability for

antigen capture and processing indicate their important role in

the initiation of immune responses against invading patho-

gens.2,3 DC are also recruited together with neutrophils (PMN)

into acute in¯ammatory loci.4 On the other hand, in¯amma-

tory mediators promote DC migration out of non-lymphoid

tissues into T-cell areas of lymphoid organs. At this stage the

cells (referred to as interdigitating DC) down-regulate their

ability to capture antigen and acquire an increased capacity to

stimulate T cells.5,6 This ®nal maturation of DC is under the

control of proin¯ammatory mediators, which are released at a

site of in¯ammation by professional phagocytes (neutrophils

and macrophages) as well as by DC themselves (in an autocrine

fashion).7,8 Whole bacteria, the microbial cell-wall compo-

nents, such as lipopolysaccharide (LPS), and cytokines,

including tumour necrosis factor-a (TNF-a), granulocyte±

macrophage colony-stimulating factor (GM-CSF) and inter-

leukin-1 (IL-1), all promote DC maturation, whereas it is

blocked by IL-10.5,6,9

PMN, the major cells of acute in¯ammation, during

phagocytosis generate a variety of microbicidal agents, such

as reactive nitrogen species (RNS) and reactive oxygen species

(ROS), including hypochlorous acid (HOCl), a highly toxic

product of the myeloperoxidase±hydrogen peroxide±halide

system.10±12 Moreover, activated neutrophils release a number

of proin¯ammatory mediators, including cytokines (TNF-a,

IL-1, IL-6, IL-12) and eicosanoids [prostaglandin E2 (PGE2),

leukotriene B4 (LTB4)], which can affect the function of

sentinel DC.13,14 The HOCl reacts rapidly with a variety of

different molecules to produce less toxic and more long-lived

chloramines.15±18 Because of extremely high concentration of

taurine in neutrophils, taurine chloramine (TauCl) is the

predominant long-lived chloramine produced in this way.19

TauCl down-regulates the production of pro-in¯ammatory

mediators by macrophages and neutrophil.20±22 However, there

are no data as to whether TauCl can modulate the function of

DC. In this study, we addressed the question whether TauCl
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affects the sentinel function of DC by altering their ability to

secrete in¯ammatory mediators and to present antigen. This

in vitro system may provide a model for the in vivo scenario,

in which neutrophil-derived TauCl might have an immediate

affect on the sentinel DC in situ at the site of in¯ammation,

or a delayed affect on DC which have migrated from the

in¯ammatory site to the draining lymph nodes.

MATERIALS AND METHODS

Preparation of TauCl

Taurine monochloramine (TauCl) was prepared in our

laboratory by adding equimolar amounts of NaOCl (Sigma,

St. Louis, MO) dropwise to taurine (Sigma) solution in 0�05 M

phosphate buffer (pH 7�4±7�5), as described previously.21 Each

preparation of TauCl was monitored by ultraviolet absorption

spectra (200±400 nm) to con®rm the presence of monochlor-

amine (TauCl) and the absence of dichloramine (TauCl2),

NH2Cl and unreacted HOCl/OCl±. The concentration of

TauCl was determined by absorption at 252 nm

(eM = 415).23 Stock solutions of Tau and TauCl (10 mM) were

kept at 48 for a maximum period of 4 days before use.

Mice

Male adult 18±22 g BALB/c and CBA/J mice (speci®c

pathogen-free) were maintained in the animal house at the

Departments of Immunology, at Jagiellonian University

Medical College, Cracow, Poland or University College

London, UK.

Cells

Bone marrow-derived DC. DC were prepared as described

previously.24 Bone marrow was ¯ushed from the femurs and

DC were grown from precursors at a starting concentration of

3 � 105 cells/ml in Iscove's Modi®ed Dulbecco's Medium

(Gibco, Grand Island, NY) supplemented with apotransferrin,

2-mercaptoethanol (both Sigma), 10% fetal calf serum (FCS)

(Gibco) and GM-CSF (supernatant from X-63 cell line, a gift

from Dr Brigitta Stockinger, NIMR Mill Hill, London, UK).

At 2 days the medium and most of the non-adherent cells were

removed and replaced with fresh medium. After 7 days of

culture non-adherent cells (DC), released spontaneously from

proliferating cell clusters, were recovered. The ®nal population

was puri®ed by removal of adherent cells (macrophages). The

purity of DC was veri®ed by morphological appearance

(Giemsa staining) and ¯ow cytometric analysis (91%), as

described previously.24

CD4+ T cells. Trinitrophenyl (TNP) -speci®c CD4+ T cells

were prepared as follows. CBA mice were sensitized by topical

application of 150 ml of 5% trinitrochlorobenzene (Sigma,

Poole, Dorset) in ethanol/acetone. Draining lymph nodes were

collected 4 days later, and CD4+ T cells were puri®ed as

described previously.25 The ®nal T-cell population, which

constituted < 30±35% of the total lymph node population, was

96% positive for CD4+ T cells, as judged by ¯ow cytometry.

Flow cytometry

Cell surface immunophenotypic analysis of DC was performed

by cyto¯uorography using a FACScan ¯ow cytometer (Becton

Dickinson, Mountain View, CA).

DC were incubated with the following primary monoclonal

antibodies (mAbs): TIB 93, mouse anti-mouse I-Ak (from the

American Type Culture Collection, Rockville, MD); N418,

hamster anti-mouse CD11c (a gift from Dr Hal Drakesmith

ICRF, London, UK); B7.2, rat anti-mouse B7.2 (Cambridge

Biosciences, Cambridge, UK), or an isotype-matched control

as appropriate. This was followed by ¯uorescein isothiocyanate

(FITC)-conjugated rabbit anti-mouse immunoglobulins

(Dako, High Wycombe, UK) and FITC-conjugated rabbit

anti-rat immunoglobulins (PharMingen, San Diego, CA) as

appropriate. After staining, the cells were ®xed in 1%

paraformaldehyde in saline before analysis. For each sample,

data from 5000 cells were collected.

Cell culture ± activation of cells for production of

in¯ammatory mediators

DC were cultured in 24-well ¯at-bottom cell culture plates at

5 � 105/well in RPMI-1640 medium (J R Scienti®c Inc.,

Woodland, CA) supplemented with 5% FCS, at 378 in an

atmosphere of 5% CO2. DC were preincubated with either Tau

or TauCl (0�05±0�5 mM) for 1±2 hr and then the cells were

activated with interferon-c (IFN-c) 20 U/ml (Sigma) and LPS

100 ng/ml (Escherichia coli 0111 B:4, Sigma). After 24 hr

culture supernatants were collected and were frozen at ±208 for

NO2
±, IL-6, IL-10, IL-12, TNF-a, and PGE2 assays.

DC-induced cytokine secretion by T cells

TNP-system. DC were preincubated for 1 hr with the

indicated concentrations of either Tau or TauCl and were

washed twice to remove Tau/TauCl before being haptenized

with TNP. CD4+ T cells (2 � 105/well), as responder cells, and

TNP-coupled DC (5 � 104/well), as APC cells, were cultured in

RPMI-1640 medium, as described previously.25 After 24 hr,

supernatants were collected and frozen at ±208 prior to assay

for IL-2.

Primary mixed lymphocyte reaction (MLR) cultures. H-2d

BALB/c responder T cells (2 � 106/well) were cultured with H-

2k CBA/J inducer DC (2 � 105/well) for 3 days. LPS-pulsed

DC were preincubated for 1 hr with either Tau or TauCl.

Tau/TauCl and LPS were washed out before DC were added to

allogeneic T cells. After 24, 48 and 72 hr supernatants were

collected for IL-2 [T helper type 1 (Th1)] and IL-10 (Th2)

assays.

Measurement of cell viability

In every experiment the viability of cells was routinely

monitored by cellular exclusion of trypan blue. In some

experiments cell respiration, an indicator of cell viability,

was assessed by the mitochondria-dependent reduction of

3-[4,5-dimethylthiazol-2-yl]-2,5 diphenylo tetrazolium bromide

(MTT) (Sigma) to formazan.

Chemiluminescence assay: luminol-dependent

chemiluminescence (LCL)

DC were placed in 96-well ¯at bottom black plates (Nunc,

Roskilde, Denmark), 5 � 105 cells/well in RPMI-1640 + 10%

FCS. After a dark adaptation period of 40 min at 378, plates

were transferred to a Lucy 1 luminometer (Anthos, Salzburg,

Austria) immediately after the addition of either zymosan

particles opsonized by pretreatment with mouse serum (10
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particles/cell) or phorbol myristate acetate (PMA) (200 ng/ml)

(both Sigma), and photon emission over 60 min was measured.

The following agents were added to cells at the onset of

dark adaptation: luminol (Sigma) and Tau or TauCl. Each

experiment was run in duplicate.

Measurement of superoxide production.

Superoxide production was determined by the cytochrome C

reduction assay as described by Pick and Mizel.26 Brie¯y, DC

(2 � 105/well) were resuspended in 160 mM solution of

ferricytochrome c (Sigma) in phenol red-free Hanks' balanced

salt solution (HBSS) and plated in 96-well ¯at bottom tissue

culture plates (Nunc) in a ®nal volume of 100 ml per well. The

cells were stimulated with either opsonized zymosan or PMA

(200 ng/ml). Wells supplemented with 300 U/ml of superoxide

dismutase (SOD) (Sigma) were used as blanks. Cytochrome C

reduction was measured after 2 hr of incubation by measuring

absorbance at 550 nm using an ELISA reader (Labsystems

Multiscan Plus, Helsinki, Finland) using a 450-nm reference

®lter. Results were expressed as nmol/2 � 105 cells/2 hr.

Detection limit was about 0�3 nmol/well.

Determination of H2O2 production

H2O2 detection was based on the horseradish peroxidase

(HRPO)-dependent oxidation of phenol red, as described by

Pick and Mizel.26 Brie¯y, DC were resuspended in assay

solution containing 0�56 mM of phenol red (Sigma) and

20 U/ml HRPO (Sigma) in phenol red-free HBSS and seeded

in tissue culture plates in a ®nal volume of 100 ml per well. The

cells were stimulated with either opsonized zymosan or PMA,

as described above. After incubation for 2 hr the reaction was

stopped by addition of 10 ml of 1 M NaOH per well and

absorbance was read at 600 nm. Wells with NaOH added at the

beginning of testing were used as blanks. Results were

expressed as nmol/2 � 105 cells/2 hr. The limit of detection

was 0�25 nmol/well.

Nitrite (NO2
±) determination

NO, quanti®ed by the accumulation of nitrite as a stable end

product, was determined by microplate assay.12 Brie¯y, 100-ml

samples were removed from supernatants and incubated with

an equal volume of Griess reagent (1% sulfanilamide/0�1%, N-

1-naphthylenediamine dihydrochloride/2�5% H3PO4) (Sigma)

at room temperature for 10 min. The absorbance at 550 nm

was measured with a microplate reader. Nitrite concentration

was calculated from a sodium nitrite standard curve. The limit

of detection was 2 mM.

Cytokine assays ± measurement of IL-2, IL-6, IL-10, IL-12

and TNF-a
Cytokine concentration in culture supernatants was measured

using capture ELISA as detailed below. For IL-2, -6, -10 and

-12, microtitre plates (Corning, NY) were coated with rat

monoclonal antibody against a mouse cytokine (capture

antibody), and biotinylated antibodies against the same

cytokine (detecting antibody). The ELISA was developed with

HRPO streptavidin (Vector Laboratories, Burlingame, CA),

followed by o-phenylenediamine and H2O2 (both Sigma) as

substrates. For TNF-a, a peroxidase-conjugated goat anti-

rabbit immunoglobulin G (IgG; Sigma) was used to develop the

reaction. The reaction was stopped with 3 M H2SO4 and the

optical density of each well at 492 nm was measured in a 96-well

plate reader. The following reagents were used for these assays.

IL-2. Rat anti-mouse IL-2, as a capture mAb, and

biotinylated rat anti-mouse IL-2, as detecting mAb (both

Pharmingen). Recombinant mouse IL-2 (Pharmingen) was

used as a standard. Detection limit was about 60 pg/ml of IL-2.

IL-6. Rat anti-IL-6 (Genzyme) and biotinylated rat anti-

IL-6 (Pharmingen) mAbs. Recombinant mouse IL-6 (Pepro-

Tech Rocky Hill, New York) was used as a standard. Detection

limit was about 100 pg/ml of IL-6.

IL-10. Rat anti-mouse IL-10 (Genzyme), and biotinylated

rat anti-mouse IL-10 (Pharmingen) mAbs. Recombinant

mouse IL-10 (Genzyme) was used as a standard. The limit of

detection was 60 pg/ml.

IL-12. Rat anti-mouse IL-12 (p40 subunit), clone C15.6

(Genzyme) and biotinylated rat anti-mouse IL-12 (p40/p70

subunits) clone C17.8 (Pharmingen) mAbs were used as

capture and detecting antibody, respectively. Recombinant

mouse IL-12 (p70 heterodimer) (Genzyme) was used as a

standard. The ELISA measures both p70 and p40. The limit of

detection was 100 pg/ml

TNF-a. Hamster anti-murine TNF-a mAb as capture

(Genzyme), and rabbit polyclonal anti-murine TNF-a (Gen-

zyme) as detector. Recombinant murine TNF-a (Genzyme)

was used as a standard. The limit of detection was 10 U/ml of

TNF-a.

Determination of PGE2

PGE2 was determined by using a PGE2 EIA Kit (Cayman

Chemical Co., MI). The limit of detection was 30 pg/ml.

Statistical analysis

Results are expressed as mean t SD. Statistical signi®cance

was determined by Student's t-test and the differences were

regarded as signi®cant for P < 0�05.

RESULTS

The effect of TauCl on viability of DC

In the previous studies, TauCl at the concentrations of 0�05±

1�0 mM was not cytotoxic for macrophages or macrophage

cell lines.21,22 In the preliminary experiments, we tested the

Table 1. The release of proin¯ammatory mediators from dendritic cells

(DC)*

Mediator

Stimulated

DC

Non-stimulated

DC

Limit of

of detection

NO2
± (mM) 53�7 t 17 < 4 4

TNF-a (U/ml) 1510 t 459 20 t 15 10

IL-6 (ng/ml) 23�1 t 9�2 0�25 t 0�2 0�1
IL-10 (pg/ml) 235 t 88 < 60 60

IL-12 (ng/ml){ 132�7 t 44 2�9 t 1�1 0�1
PGE2 (ng/ml) 2�8 t 0�3 0�55 t 0�2 0�03

*5 � 105/well DC were cultured in the presence of IFN-c (20 U/ml) and
LPS (100 ng/ml). After 24 hr supernatants were collected and frozen for
assays. Results are the mean t SD from six separate experiments. {IL-
12 = p40 + p70.
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effect of TauCl on the viability of DC. The viability of DC

preincubated with TauCl at a range of 0�05±0�5 mM for 2 hr

and measured after 24 hr was not different from that of

untreated cells (< 87%). The incubation of DC with TauCl at

a range of 0�05±0�5 mM for 24 hr, in the presence of GM-

CSF, did not affect the cell viability (84 t 3% in treated cells

versus 88 t 3% in control DC). However, when DC where

cultured for 24 hr with TauCl at the highest concentration of

0�5 mM, in the absence of GM-CSF, a signi®cant decrease in

the cell viability (69 t 4% versus 88 t 3% in control DC,

P < 0�05) was observed. Thus, all further experiments were

performed under conditions at which TauCl was not

cytotoxic.

The capacity of DC to release in¯ammatory mediators

N418+, MHC IIhigh, B7-2high bone marrow DC generate in vitro

a variety of in¯ammatory/costimulatory mediators. These cells

produced TNF-a, IL-6, IL-10, IL-12 (p40 + p70), nitric oxide

(NO), and PGE2 upon stimulation with LPS and IFN-c.

Unstimulated DC released also substantial amounts of PGE2

(10±15%) and cytokines (2±5%) of the stimulated cell produc-

tion. In the contrast, the release of NO/NO2
± from non-

activated cells was negligible (0±4 mM) (Table 1).

ROS production by the cells was measured by two methods,

luminol-dependent chemiluminescence (LCL) and more spe-

ci®c colorimetric enzymatic assays for the detection of the
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Figure 1. The effect of TauCl on production of in¯ammatory mediators by DC. (a) DC (5 � 105/well/ml) were preincubated with

TauCl for 2 hr and than the cells were cultured in the presence of LPS (100 ng/ml) and IFN-c (20 U/ml). After 24 hr, supernatants

were collected and TNF-a, IL-6, IL-10 and IL-12 were measured by ELISA. (b) DC were cultured as above, and nitrite release was

measured by Griess reaction. (c) DC were cultured as above, and PGE2 was measured by ELISA. Results are expressed as the average

percentage (t SD) compared to the control group (stimulated DC without TauCl), and are calculated from six independent

experiments; * P < 0�05.
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superoxide anion (O2
±) and hydrogen peroxide (H2O2) release.

LCL measures both intra- and extra-cellular ROS, but detects

a variety of species including O2
±, OH� and H2O2.27,28 DC

did not produce any detectable O2
± either after stimulation

with zymosan or with PMA (data not shown). PMA did

not stimulate DC effectively for H2O2 production

(6�8 t 0�7 nmol/2 � 105 cells per 2 hr). On the contrary, after

the stimulation with zymosan, DC generated the substantial

amount of H2O2 (40�1 t 4�2 nmol/2 hr).

The in¯uence of TauCl on the release of in¯ammatory

mediators from DC

TauCl, preincubated with DC for 2 hr, inhibited the release of

TNF-a, IL-6, IL-10, IL-12, NO and PGE2 in a dose-dependent

manner (Fig. 1). The median inhibitory concentration (IC50)

value of TauCl for IL-6, IL-10, IL-12, PGE2, and NO was

200 mM, and 400 mM for TNF-a. At the highest concentration

of 500 mM, TauCl decreased the production of all the mediators

(except TNF-a) to the level of unstimulated cells without

affecting the cell viability. Free taurine (0�05±0�5 mM) had no

effect on the production of these mediators.

The effect of TauCl on LCL of DC

Stimulation of DC with zymosan increased LCL < 100 times

over the baseline light emission. It reached a maximum about

12 min after stimulation. When TauCl was added, a dose-

dependent decrease in LCL was observed. (Fig. 2). TauCl, at

the highest concentration used (0�5 mM), signi®cantly inhibited

LCL (56%, P < 0�05), but did not modify the kinetics of

response. In contrast, it had no signi®cant effect on H2O2

generation (the inhibition < 22%). TauCl at concentrations

0�25 mM and below had no effect at all. This suggests that there

is selective inhibition of ROS by TauCl. Taurine did not affect

either LCL or H2O2 generation.

The effect of TauCl on the expression of DC surface markers

LPS-stimulated DC showed an increased expression of MHC

class II and B7-2 molecules as measured by mean ¯uorescent

intensity. TauCl inhibited this expression of MHC class II and

B7-2 molecules only at the highest tested concentration

(0�5 mM) (Table 2). In contrast, TauCl did not affect either

the expression of the N418 cell surface DC-speci®c marker or

the percentage of cells positive for this marker. Free taurine did

not affect the expression of any DC surface molecules tested.

The cytokine production by T cells stimulated with DC

pretreated with TauCl

The effect of pre-exposure of DC to TauCl on their ability to

present antigen was tested in two different systems, TNP-

speci®c T-cell-dependent IL-2 production and the primary

allogeneic MLR. In the ®rst system, TNP-primed CD4+-

enriched lymph node T cells were stimulated with TNP-DC

pretreated with either Tau or TauCl. Neither Tau nor TauCl

affected the capacity of DC to present TNP to TNP speci®c

CD4+ T cells as measured by the production of IL-2 (data not

shown). In the second system, T cells from BALB/c mice (H-2d)

were stimulated with DC from CBA mice (H-2k). The
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Figure 2. The effect of TauCl on luminol-dependent chemiluminescence (LCL) from DC stimulated with opsonized zymosan. DC

(5 � 105/well) were dark adapted in the presence of either luminol alone or luminol and TauCl (0�1±0�5 mM) for 60 min.

Chemiluminescence reaction was recorded immediately after the stimulation with zymosan over 3600 seconds. The total area under

the curves is shown in the key to the ®gure. The ®gure shows the results of one of ®ve separate experiments.
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production of both Th1-type (IL-2) and Th2-type (IL-10)

cytokines was observed in the culture.

T cells cultured in the absence of DC did not produce IL-2.

Neither T cells, in the absence of DC, nor DC alone produced

detectable amounts of IL-10 (data not shown). The differences

in the kinetics of IL-2 and IL-10 production were observed

throughout 96 hr. The production of IL-2 was not detected

after 24 hr, reached a maximum at 48 hr and then declined

after 72 hr. In contrast, IL-10 was characterized by a long

(48 hr) lag phase, but after 48 hr the level of IL-10 rose

logarithmically. Pretreatment of DC with TauCl, resulted in a

longer lag period of IL-10 production, but had a minor effect

on IL-2 production (Table 3).

DISCUSSION

Pathogens that enter the body are trapped either by widely

distributed resident macrophages (e.g. alveolar macrophages

within the respiratory tract, Kupffer cells within the liver),14 or

by sentinel DC (e.g. Langerhans' cells of the skin).1,2,4 The

interaction between these cells and pathogens may initiate

in¯ammation and either humoral or cellular antigen-speci®c

immune reaction.5 At the initial acute phase of in¯ammation,

PMN are the major cells responsible for pathogen killing, but

they can also contribute to cause local tissue destruction.13,16

This dual effect of PMN activation may result from the release

of the same set of mediators. In addition, PMN can affect the

function of other cells, such as macrophages and DC, in the

local microenvironment. For example, it is commonly accepted

that sentinel DC are under the control of proin¯ammatory

mediators, which induce their ®nal maturation and emigration

from the site of in¯ammation.2,4±6

Many of in¯ammatory mediators released by PMN are also

produced by macrophages and DC themselves.7,14 However,

PMN posses the unique ability to generate HOCl, the product

of the myeloperoxidase±H2O2±halide system.10,15 HOCl, which

is a microbicidal and highly cytotoxic agent, reacts immediately

with a variety of targets, but primarily with Tau, the most

abundant free amino acid in PMN cytosol, thereby producing

the more long-lived and less toxic TauCl.15,29 We have

previously shown that TauCl, at non-cytotoxic concentrations,

decreases the production of tissue-damaging in¯ammatory

mediators. TauCl inhibits the production of NO, TNF-a and

PGE2 by activated macrophages through the different

mechanisms with an IC50 value about 0�3 mM.21 TauCl inhibits

transcription of the iNOS gene, suppresses the translation of

TNF-a mRNA and affects the post-transcriptional regulation

of COX-2 (the inducible form of cyclo-oxygenase) expres-

sion.20,22,30 Recently, it has been shown that TauCl may also

regulate the function of activated PMN. TauCl inhibited

ROS31 and proin¯ammatory mediator production by stimu-

lated PMN.32 Since sentinel DC are also present at a site of

in¯ammation where they have contact with both neutrophils

and macrophages, it seemed reasonable to explore the

possibility of DC regulation by TauCl.

The present study examined the effect of TauCl on murine

DC functions. It suggests that TauCl may have an immediate

effect on DC secretory properties at a site of in¯ammation and

a delayed effect on the capacity of DC to stimulate T cells in

lymphoid organs, at the time unlikely for the presence of TauCl

in the DC environment. For this reason, we have examined the

effects of TauCl in two types of in vitro model. In the ®rst,

paralleling the situation found at the in¯ammatory site, DC

were exposed to a strong activating stimulus (LPS/IFN-c) in

Table 2. The effect of TauCl on the expression of DC surface markers; % (mean)

DC incubated with{:

Cell surface markers ±±±±±±±±± LPS LPS + TauCl500 LPS + TauCl250 LPS + TauCl100

MHC class II{ 62�06 (139�80) 58�16 (234�98) 34�58* (36�66*) 56�28 (187�36) 61�16 (238�70)

B7�2{ 56�62 (72�45) 62�20 (104�56) 49�46* (82�65*) 60�12 (140�35) 60�06 (135�51)

*P < 0�05 versus LPS alone. {DC progenitors from bone marrow were cultured for 7 days as described in the Materials and Methods. Either LPS alone or
LPS with TauCl (100±500 mM) was added for the last 24 hr. Similar effects were observed when DC were pretreated with TauCl for 1 hr. {Expression of DC
surface markers was quanti®ed using ¯ow cytometry. DC were incubated with primary monoclonal antibodies as described in the Materials and Methods.
The values represent percentage of the markers positive cells and mean ¯uorescent intensity (MFI) of one of four separate experiments. In all groups non-
speci®c staining with secondary antibodies was less than 10%.

Table 3. IL-2 and IL-10 production by T cells in the primary allogeneic

MLR induced by DC pretreated with TauCl

DC preincubated with{: 24 hr 48 hr 72 hr

Interleukin-2 (pg/ml){
Medium 560 t 90 760 t 120 455 t 25

LPS 630 t 42 1440 t 60 1780 t 120

LPS + TauCl 0�5 mM 450 t 60 1060 t 90 * 870 t 45

LPS + TauCl 0�25 mM 610 t 45 1450 t 30 1850 t 60

LPS + TauCl 0�1 mM

020 t 125

1790 t 45

605 t 20

Interleukin-10 (pg/ml){
Medium 59 t 4 60 t 5 102 t 5

LPS 51 t 6 171 t 6 290 t 17

LPS + TauCl 0�5 mM 40 t 10 *40 t 8 * 90 t 6

LPS + TauCl 0�25 mM 56 t 5 *96 t 8 *208 t 12

LPS + TauCl 0�1 mM 52 t 4 148 t 9 305 t 25

*P < 0�05 versus LPS alone. {H-2d T cells were cultured with H-2k DC
for 3 days as described in the Materials and Methods. DC were
preincubated with LPS (100 ng/ml) and with TauCl (0�1±0�5 mM) for
1 hr. Supernatants were collected on different days and tested for IL-2 and
IL-10. T cells cultured in the absence of DC did not produce detectable
amounts of IL-2 and IL-10. The production of IL-10 by DC was negligible
(data not shown). {Results are expressed as the mean t SDI and represent
one of three similar experiments.
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the presence of various concentrations of TauCl. In the second,

DC were pre-exposed to TauCl, but the TauCl was removed

prior to testing their ability to stimulate T cells, assessed by

production of IL-2 or IL-10. At the highest concentration

tested (0�5 mM) TauCl inhibited almost completely the secre-

tion of NO, ROS, PGE2 and cytokines TNF-a, IL-6, IL-10, IL-

12 (p40 + p70) by DC. TauCl (0�5 mM) also inhibited the LPS-

induced expression of MHC class II and B7-2 molecules. At

this concentration, however, TauCl may be toxic for DC when

the cells are exposed to TauCl for a long time. On the other

hand, at the concentration of 0�25 mM, TauCl had more

selective effect, as it inhibited the production of IL-6, IL-12, IL-

10, PGE2 and NO but not of TNF-a or ROS. It remains to be

established whether the TNF-a- and ROS-forming systems are

more resistant to TauCl, or whether it is because they are

formed non-uniformly by DC, being at different stages of

maturation.5,7 Exposure to TauCl at the lower concentrations

(< 0�5 mM) also selectively affected the ability of DC to

stimulate T-cell responses. Thus, TauCl exposure did not affect

the production of IL-2 by DC-stimulated T cells in either the

TNP system or the allogeneic primary MLR. In contrast,

TauCl diminished and delayed the subsequent release of IL-10

by the cells in the primary MLR. These results suggest that pre-

exposure of DC to TauCl may favour the development of a Th1

rather then a Th2 response, although more detailed analysis

would be required to validate this conclusion fully.

These results raise the question of what are the levels of

TauCl which are likely to occur in vivo during the in¯ammatory

response. In our knowledge, there are no direct data on the

local concentration of HOCl/TauCl at a site of in¯ammation.

Previous studies have shown that human PMN, after maximal

stimulation in vitro, can generate 200 nmol HOCl/106

cells/2 hr, resulting in a release of < 100 nmol of TauCl.15,16

At a concentration 5 � 106 PMN/ml, this would yield a local

concentration of TauCl of about 0�5 mM. However, the

production of TauCl is self-limiting: at 0�5 mM TauCl inhibits

the generation of ROS by PMN by > 50%,31 thus controlling

the continued production of HOCl. In vivo, a large interstitial

in¯ammatory site may contain as many as 25 � 106

PMN/ml,16 which, in theory, could lead to even higher levels

of HOCl/TauCl. However, again the autocrine feedback

inhibition of HOCl and TauCl on PMN will limit in vivo

concentration of ROS generated by PMN. We can also only

speculate about the time of interaction between DC and TauCl

in vivo. Due to emigration of fully matured DC from a site of

in¯ammation, it is unlikely that in vivo sentinel DC, which have

already endocytosed antigen, will be exposed to TauCl for a

long time. For instance, a reduced frequency of Langerhans'

cells in the epidermis local to the site of intradermal exposure to

TNF-a has been observed within 30 min. Subsequent accu-

mulation of DC in draining lymph nodes was observed during

18 hr.33 In contrast, non-emigrating cells, such as professional

phagocytes and immature DC, may be exposed at a site of

in¯ammation to extracellular TauCl for a long period of time.

In summary, this is the ®rst study documenting the effect of

TauCl on DC. These results, taken together with our previous

studies,34±36 demonstrate that at a site of in¯ammation, the

products of the PMN chlorinating system, HOCl and TauCl,

affect the functions of APC and/or react directly with antigens.

HOCl, a highly toxic oxidant, reacts with self and non-self

proteins. Proteins modi®ed by chlorination acquire enhanced

susceptibility to degradation by endoproteinases. Degradation

of self-proteins contributes to the damage of surrounding

tissue. However, chlorination of non-self proteins enhances

their immunogenicity, probably by facilitating processing and

presentation of these proteins by APC.34

Taurine acts simply as a trap to scavenge excess highly

reactive HOCl to produce long-lived and less toxic TauCl.

TauCl in turn may exert a negative feedback effect on the

production of in¯ammatory mediators by PMN, macrophages

and DC. Thus, TauCl may modulate those functions of DC

which are under control of in¯ammatory mediators. In

addition, TauCl may also enhance protein immunogenicity

by chlorination, but to a lesser extent then HOCl.37 TauCl may

therefore play a role in maintaining the delicate balance

between mounting an effective immune response on the one

hand, and minimizing the destruction of the tissue by the

in¯ammatory cells, on the other.
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