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Tenidap decreases IL-8 and monocyte chemotactic peptide-1 (MCP-1) mRNA
expression in the synovial tissue of rabbits with antigen arthritis and in cultured
synovial cells
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SUMMARY

Since IL-8 and MCP-1 are chemoattractant proteins that participate in the recruitment of inflammatory
cells into the arthritic joint, we examined the effects of tenidap, a new anti-inflammatory drug of the
oxindole family, on IL-8 and MCP-1 expression in the joints of rabbits with acute antigen arthritis. The
model was induced by injecting 5 mg/ml ovalbumin into the knees of 20 preimmunized rabbits. Animals
were randomized into two groups: treated with tenidap (15 mg/kg per 12 h), or untreated. The effect of
tenidap treatment was evaluated on chemokine production in synovial membranes of rabbits with
arthritis and in cultured monocytic and synovial cells (SC). By immunoperoxidase staining, chemokines
were localized in the synovial tissue. Chemokine messenger RNA levels in the synovial membranes and
in cultured cells were analysed by reverse transcription-polymerase chain reaction (RT-PCR). At the
end of the study, tenidap significantly reduced neutrophil infiltration into the joint cavity-@% 10°
cells/mlversus45 + 6 x 10° cells/ml in untreatedP < 0-05), and synovial effusion (13415l versus

236+ 19ul in untreated;P<0-005). Untreated rabbits showed synovial membrane up-regulation in
MRNA expression of IL-8 and MCP-1 (11- and seven-fetgisushealthy rabbits, respectively) that was
markedly decreased by tenidap (two- and three-faddsushealthy rabbits, respectively). IL-8 and
MCP-1 were localized in the synovial tissue in a perivascular pattern and areas of the interstitium and
lining, mostly coinciding with cell infiltration. Tenidap also reduced the accumulation of IL-8 and
MCP-1 proteins. In cultured synovial and monocytic cells, tumour necrosis factor-alpha dYNF-
elicited an increase in gene expression of IL-8 (four- and nine-fold, respectively) and MCP-1 (nine- and
four-fold, respectively) that was significantly reversed in both cell types yli@nidap. These results
suggest that the beneficial effect of tenidap in acute antigen arthritis could be related to the down-
regulation in gene expression and synthesis of IL-8 and MCP-1, two key chemokines involved in the
recruitment of inflammatory cells.
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INTRODUCTION the inflammatory site by the local production of chemokines [3].

. . . . . . Based on structural analysis, the chemokine superfamily can be
Rheumatoid arthritis (RA) is characterized by proliferation of divided into two groups: the C-X-C and the C-C subfamilies [4].

resident synovial cells (SC) and accumulation of leucocytes i . - A
the synovial membrane and fluid (SF) [1]. Both SC and monor]L'S belongs to the first group and acts mainly on neutrophils [5],

nuclear cells contribute, by the production of various cytokines anoyvhereas MCP-1 belongs to the second group and acts on mono-

tissue-degrading enzymes, to the amplification of the inflammator)pucIear cells with va_lrylng_degrees of specificity [.6]' The presence
S . of several chemokines in the SF and synovial membrane of
response and joint destruction [2].

Polymorphonuclear and mononuclear cells are recruited imcﬁxperlmental and human arthrms has been reportgd [7=9). Fibro-
last-like and macrophage-like cells of the synovial membrane,
Correspondence: Gabriel Herrero-Beaumont MD, Division of Rheu-t0gether with the infiltrating leucocytes, are the major source of

matology, Fundacio Jimmez Dez, Avda Reyes Célicos 2, 28040 these mediators in the rheumatoid synovial pannus [10,11].
Madrid, Spain. Among the cytokines implicated in the pathogenesis of RA,
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tumour necrosis factor-alpha (TNE-is considered one of the OVA + FCA OVA + FCA
most powerful mediators of inflammation [12]. In particular, TNF- (4 mg)i.d. (4 mg) i.d.
o levels are elevated in the SF of RA patients [13]. In addition, .
TNF-a transgenic mice develop chronic inflammatory arthritis l l Te”'_dap
[14]. Recent studies have demonstrated clinical improvement of Day 6
RA following treatment with MoAb to TNFe [15]. In vitro, TNF- ' ' L1

. ; ) 0 1 2 Day5 3
« stimulates the production of chemokines by cultured human SC Weeks f
[16].

Tenidap is the first representative of a new chemical family of ISacrifice
anti-arthritic agents, the oxindoles. Tenidap sodium ((Z)-5-chloro- OVA (5 mg)
2,3 dihydro-3-(hydroxy-2-thienyl methylene)-2-oxo-1H-indole-1- joint cavity

carboxamide, sodium salt) is a novel drug which combines ) ) )

cyclooxygenase- and 5-lipoxygenase-inhibitory activiityvitro Flg_. 1. _Schedule of _e_xperlmental _proto_col for the |r_1duct|on_0f acute_
[17]. The ability to modulate cytokine synthesis [18], the protec- antigen-induced arthritis. Acute antigen-induced arthritis was induced in
tion of cartilage integrity [19], the inhibition of theyrelease of rabbits. Twenty-four hours before the intra-articular injection of ovalbumin

. . . OVA) into the joint cavity, animals were randomly distributed into two
activated neutrophil collagenase [20], as well as anti-inflammator roups: tenidap-treated (15 mglkg per 12 h); and untreated. Animals were

and analgesic activities are several properties of tenidap thafjied 24h after the intra-articular injection. FCA, Freund's complete
account for its beneficial effects in rheumatic diseases. adjuvant.

In this study we show that in a model of acute arthritis in rabbits
there was increased synovial IL-8 and MCP-1 gene expression and
proteins coinciding with an augmentation in the influx of leuco- Separations were performed using a 2-cm LC-Si Supelco precol-
cytes. The administration of tenidap prevented the increase of IL-8&mn and a 3-8 150-mm 4um C18 Waters Novapak column
and MCP-1 expression and reduced the accumulation of leucoWaters, Milford, MA) with the detector set at 360nm. The
cytes. In cultured SC and macrophages, tenidap down-regulatemiobile phase consisted of 0-025Tris buffer pH 8-2/methanol
TNF-a-induced IL-8 and MCP-1 gene expression. The current(45:55, v/v), adjusted to an apparent pH of 6-3 with phosphoric
experiments afford an additional pathogenic mechanism supporicid. The lower limit of quantification in the assay of plasma
ing the known beneficial effect of tenidap in the treatment of RA.tenidap was 0-gg/ml.

Immunohistochemistry

After SF collection, the infrapatellar synovial tissue was carefully
Experimental design dissected. The material for microscopic studies was fixed in 4%
Studies were conducted in white adult New Zealand rabbits withparaformaldehyde in 0-0@5Tris—HCI buffer pH 7-2 for 4-16 h at
initial weights of 2.5-3kg (obtained from B&K Universal, room temperature, dehydrated in graded ethanols and embedded in
Madrid, Spain). Acute antigen arthritis was induced with minimal paraffin wax. Paraffin-embedded synovial membranes were sec-
modifications according to a previously described technique [21}ioned in 7um thick pieces, dewaxed and rehydrated. IL-8 and
(Fig. 1). The animals were randomly divided into two experimental MCP-1 were detected with a monoclonal mouse anti-human IL-8
groups: in group Irf = 10) rabbits did not receive any treatment; in and a polyclonal goat anti-human MCP-1 antibody, respectively
group Il (h=9) animals received tenidap (15mg/kg per 12h) (Immunogenex Corp., Los Angeles, CA). Endogenous peroxidase
(Pfizer, Central Research, Groton, CT) from 24h before theactivity was quenched by incubating the sections in 1% hydro-
intra-articular injection of ovalbumin (OVA) to 12 h after disease genous peroxide in methanol for 30 min. Non-specific antibody
induction. Medication was given in capsules by oral gavage tcbinding was blocked by incubation of the tissue section for 10 min
unanaesthetized animals by an atraumatic procedure. A parall@h suppressor serum, consisting of 3% second antibody host serum,
group of healthy animals, matched for age and weight, was studie8% rabbit serum, and 10% bovine serum albumin (BSA) in PBS,
as controls. Synovial membranes were removed to obtain a sampjeH 7. Anti-IL-8 (50ug/ml in 2% sheep serum, 5% rabbit serum,
for histological studies and RNA extraction. SF from rabbit kneesand 4% BSA in PBS) and anti-MCP-1 (£@/ml in 2% horse
was carefully collected by direct arthrotomy, the fluid was mixed serum, 5% rabbit serum, and 4% BSA in PBS) antibodies were
1:1 with PBS, and the number of cells was determined. In order t@pplied overnight. As secondary antibodies, a sheep anti-mouse
avoid cellular aggregation, the samples were incubated witthorseradish peroxidase (HRP)-conjugated IgG (The Binding Site,
hyaluronidase (Boehringer, Mannheim, Germany) for 1h atBirmingham, UK) for IL-8 detection, and a donkey anti-goat 19G
37°C. All animal studies were performed according to institutional peroxidase-labelled (The Binding Site), both diluted 1:200 in 4%

MATERIALS AND METHODS

and federal guidelines. BSA-PBS, were applied for 30 min, and the sections stained for
5min at room temperature with 0-05% 3daminobenzidine
Pharmacokinetic studies tetrahydrochloride (Dako, Glostrup, Denmark) and 0-01% hydro-

After early dose-range studies, tenidap was administered to rabbitgen peroxide in PBS. Finally, sections were counterstained with
at a dosage designed to achieve therapeutic blood concentrationstiaematoxylin, dehydrated, and mounted in DPX. To assess non-
humans with RA. immune unspecific binding, each sample had its own negative
Plasma tenidap concentrations were determined 8 h after theontrol being similarly processed but for the addition of the first
morning administration by high performance liquid chromatogra-antibody. The score was the mean of the two evaluations, with
phy (HPLC). Acetonitrile (10@l) containing the internal standard interobserver difference being nevet point. Briefly, the scoring
(CP-66993; ug/ml) was added to 50 of plasma. The super- was conducted as follows: grade 0 was the staining of healthy
natant was mixed with an equal volume of Tris buffer pH7-4.tissue, i.e. no signal or minimal binding at the lining layer; grade |
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was given for discontinuous or weak staining of the lining and 250|_(@)

scan_ty patches of positivity c_oinciding wi_th_ infiltrat_e_s; g_rqde Il 3200 wg 40
applied to cases of strong perivascular staining, positive |nf||tratesnE> * 2 30 "
and wide areas of binding at the lining layer; grade Il represented a: 150 L ; -
generalized staining throughout the tissue. 2 100 S 20

& 50 10

[72] w
Cell cultures 0 - ? 0

Non-treated Tenidap Non-treated Tenidap

Synovial cells.SC were isolated from synovial tissue from
healthy New Zealand rabbits (2—-2-5kg) according to a methogig. 2. Synovial fluid (SF) volume and leucocyte concentration. SF was
previously described [22]. SC were cultured in RPMI 1640 drawn on the day of sacrifice and SF volume (a) and cellular count (b) were
medium (Gsco BRL, Paisley, UK) at pH 7-4, supplemented with determined. Data are expressed as the meare.m. (=8-10 per group).
100 U/ml penicillin, 10Qug/ml streptomycin, and 2mglutamine ~ *P<0-005; *P <0-05versusuntreated rabbits.

(GiBco) in the presence of 10% fetal calf serum (FCSgdg),

plated on Petri dishes (Costar, Cambridge, MA). SC were char-

acterized by phase contrast microscopy, negative staining foreactions were analysed on a 4% polyacrylamide/urea gel in
factor VIII antigen (Biomeda, Foster City, CA) and anti-CD68 Tris-borate EDTA (TBE) buffer (45 mmdl/Tris—HCI, 45 mmolV
antibody (Dako), excluding endothelial contamination, and con-boric acid, 1 mmol/EDTA). The polyacrylamide gels were dried,
firming the presence of an unique fibroblast-like population in theexposed to x-ray films and scanned using the 1Q densitometer.
cultures.

U937 cell line U937 cells (a human monocytic cell line) were Statistical analysis
obtained from the American Type Culture Collection (Rockville, Statistical analysis was performed using Studerittest for
MD) (1593-CRL) and were cultured in RPMI 1640 medium unpaired sample® < 0-05 was considered statistically significant.
(GiBco) at pH7-4, supplemented with 100U/ml penicillin, Values are expressed as meas.e.m.
100ug/ml streptomycin, and 2m glutamine (Gsco) in the
presence of 10% FCS (g&0).

RNA extraction, reverse transcription and semiquantitative @

polymerase chain reaction analysis _

SC and U937 cells were growth-arrested by incubation in 0-5% g

FCS medium for 48 h, and then incubated with the corresponding &

stimuli. Frozen synovial membranes were pulverized in a metallic ©
. . . . G3PDH

chamber. RNA was obtained by the acid guanidine-thiocyanate-

phenol-chloroform method [23] and quantified by absorbance at .

260 nm in duplicate. One microgram of RNA from each animal was

reverse transcribed to single-stranded cDNA by incubation with

20ul of reverse transcription mixture (5 mmbMgCl,, 10 mmoll '

Tris—HCI pH 8-8, 50 mmol/KCI, 0-1% Triton X-100, 1 mmol/

dNTPs mixture, 20U rRNAsin (ribonuclease inhibitor), 15U

AMV reverse transcriptase and 50ng oligo dT) at°@2for

30 min following the manufacturer’s instructions (Promega, Madi- .

son, WI). Polymerase chain reaction (PCR) was conducted in the

presence of->2P-dCTP for 25, 30, 35 and 40 cycles in the same

conditions as for IL-8, MCP-1 and glyceraldehydepBosphate

dehydrogenase (G3PDH) used as internal control (1 min°a &t 1200 —

allow annealing of the primers, 3 min at’C2for primer extension (b) . Control
and 1min at 92C to denature the double-stranded DNA). The 1000 |—

following primers were used for rabbit MCP-1 [24]: (sensé&) 5 D Non-treated
TGTGCTTGCCCAGCCAGATG-3and (antisense) &5 TGTCT- 2= gool— Tenidap
GCATTTTCTTGTCC-3, that yielded a product of 230 bp; for

IL-8 [25]: (sense) 5SAACCTTCCTGCTGTCTCTGA-3and (anti- 600 —

MCP-1

. . . Tenidap

IL-8

. ’ . Non-treated

sense) 5TCTGCACCCACTTTTTCCTTG-3 that yielded
products of 226bp; for G3PDH [26]: (sensej-BATGCA-
TCCTGCACCACCAA-3 and (antisense) “BATACTGTTA-
CTTATACCGATG-3, that yielded a product of 515bp. All 200
amplifications were done for 20, 30, 35 and 40 cycles in order

to establish the linearity of the reaction. In all experiments, the 0
presence of possible contaminants was checked by control IL-8 MCP-1

reactions in which the amplification was carried out in COmpleteFig. 3.IL-8 and MCP-1 gene expression in arthritic synovial membrane.
reaction mixture lacking template DNA or with RNA samples Total RNA was isolated from joint tissues, the mRNA reversed transcribed
from reverse transcriptase (RT) reactions done in the absence @hd amplified using chemokine-specific primers. GlyceraldehyqtinGs-
AMV reverse transcriptase. The DNA products from the PCRphate dehydrogenase (G3DPH) primers were used as an internal control.

mRNA expression
(arbitrary units)

400 —
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RESULTS

Development of experimental arthritis

SF volume from non-treated rabbits showed definite signs o
a marked inflammatory reaction, with a large SF effusion

(236+ 19ul) and infiltration of polymorphonuclear neutrophils

(PMN) (45 6x 10F). By contrast, tenidap treatment resulted in a
diminution of the inflammatory signs in SF. In relation to untreated

{abbits, treatment with tenidap significantly reduced the SF volume

(134=15ul, P<0-005) (Fig. 2a) and the SF cellular count
(27 4x10° PMN, P<0-05) (Fig. 2b).

At the time of sacrifice (8 h after last administration of tenidap),
plasma and SF levels of tenidap were239 ug/ml and 13+ 3 ug/
ml (mean = s.e.m.), similar to those considered therapeutic in
humans, according to the recommended dosage for RA. In addi-
tion, there was a good correlation between both parameters
(r=0-80,P<0-02).

IL-8 and MCP-1 gene expression in arthritis synovial membrane
We assessed IL-8 and MCP-1 mRNA levels in each individual
synovial membrane employing a semiquantitative RT-PCR
method. As shown in Fig. 3, IL-8 and MCP-1 mRNA expression
in the synovial membrane of normal rabbits was low, while they
were significantly up-regulated in untreated arthritis animals (11-
and seven-folorersushealthy rabbits, respectivelf<0-005). In
the tenidap-treated group, IL-8 and MCP-1 mRNA levels were
significantly lower than in the untreated group (two- and three-fold
versushealthy animals, respectivel?,<0-05) (Fig. 3).

Immunolocalization of IL-8 and MCP-1
The histological pattern of joint lesions appeared to be correlated
with the influx of leucocytes into the synovial membrane and the
SF. In healthy control animals both chemokines were almost
absent, except for occasional binding of the antibodies to the
lining synovial cells. By contrast, in untreated animals the inflamed
synovial membranes had a similar distribution of both peptides
(Fig. 4) that followed areas of neutrophil infiltration, while
endothelial and lining cells were commonly positive. As shown
in Figs 5C and 6C, healthy controls showed a light staining with the
anti-IL-8 (0-3+ 0-1) and MCP-1 (0-4 0-2) antibodies. Untreated
rabbits had an increase in IL-8 (2t50-3) and MCP-1 staining
(1-8+0-3), mainly related to the lining cells and vascular walls
(Figs 5B and 6B) R<0-0005 andck 0-05versushealthy rabbits,
respectively). By contrast, tenidap treatment was associated with a
diminution in IL-8 and MCP-1 staining (1:80-4 and 1+ 0-2,
respectivelyP < 0-05) (Figs 5A and 6A). No staining was observed
in the negative controls included in each experiment (not shown).
The increased chemokine protein expression was well corre-
lated with the leucocyte infiltrates into the SF. These data show that
during joint damage in acute antigen arthritis both IL-8 and MCP-1
are expressed, and probably play a crucial role in the recruitment of
inflammatory cells.

Chemokine gene expression in cultured SC and monocytes
In the normal synovium, the membrane comprises principally two

Fig. 4. Pattern of localization of IL-8 and MCP-1 in synovial tissues of
rabbits with acute antigen arthritis. Both anti-chemokine antibodies dis-
played a similar distribution in the injured tissue, preferentially staining the
lining layer, areas of neutrophil infiltration and endothelium. The figure
shows representative findings of untreated specimens employing immuno-
peroxidase techniques. (A) Binding of anti-IL-8 antibody to synovial lining
(x400). (B) The strong IL-8 staining of the interstitium is limited to
granulocyte accumules<200). (C) Organized thromboses surrounded by
vasculitic damage are typical of this experimental disease. Note the striking
positivity for MCP-1 within the thrombosis and around the vessel wall
(x400).
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Fig. 5. Immunolocalization of IL-8 in joint tissue from arthritic rabbits. (A) Fig. 6. Immunolocalization of MCP-1 in joint tissue from arthritic rabbits.
Intense and diffuse positive signal in an untreated rabbit, including a mura{A) An untreated specimen shows lining hyperplasia markedly positive for
thrombosis and perivascular infiltratior200). (B) Note the mild staining MCP-1 with several infiltrates which also bound the specific antibody
of superficial synovial cells and infiltrates in a tenidap-treated animal(x200). (B) In a tenidap-treated synovium a diminution of the former signal
(x400). (C) A demonstrably healthy synovium where IL-8 was almostis evident, with slight staining of endothelium and lining ce#2@0). (C)
absent x200). There was no staining in the negative controls included inHealthy control tissue, where minimal binding of anti-MCP-1 is seen at the

lining layer (x200). There was no staining in the negative controls included
in each experiment (not shown).

© 1998 Blackwell Science LtdZlinical and Experimental Immunolog$11:588—-596
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Fig. 7. Effect of tenidap on tumour necrosis factor-alpha (TédFinduced Fig. 8. Effect of tenidap on tumour necrosis factor-alpha (TéFinduced
MCP-1 and IL-8 mRNA expression in rabbit fibroblast-like synoviocytes. IL-8 and MCP-1 mRNA expression in monocytes. (a) U-937 cells were
(a) Fibroblast-like synoviocytes were stimulated for 4 h with T&F:00 stimulated for 4 h with TNFx (100 U/ml) alone or in combination with
U/ml) alone or in combination with 1@v tenidap. Total RNA was 10um tenidap. Total RNA was extracted, and reverse transcriptase-poly-
extracted, and reverse transcriptase-polymerase chain reaction (RT-PCRjerase chain reaction (RT-PCR) for MCP-1 and IL-8 mRNA expression
for MCP-1 and IL-8 mRNA expression was performed. This autoradio-was performed. This autoradiography is representative of a total of four
graphy is representative of a total of four experiments. (b) Densitometricexperiments. (b) Densitometric analysis of the bands was conducted by
analysis of the bands were conducted by computerized laser densitometopmputerized laser densitometry and normalized to the glyceraldehyde 3
and normalized to the glyceraldehyd€-phosphate dehydrogenase phosphate dehydrogenase (G3DPH) mRNA level. Values are expressed as
(G3DPH) mRNA level. Values are expressed as the percentage ovehe percentage over control.

control.

intermediate proteins, SC were treated with cycloheximide (CHX),

cell types, fibroblast-like and macrophage-like synoviocytes. Ina potent inhibitor of the peptidyltranferase. When SC were simul-
contrast, synovium from arthritis rabbits contains a large numbetaneously incubated with TN&-and CHX for 4h, an over-
of infiltrating cells. Both SC and monocytes may be a major sourceexpression in IL-8 and MCP-1 mRNA was seen (four- and eight-
of chemokines. In order to ascertain if tenidap exerts a beneficialold versusbasal, respectively). These results suggest that tran-
effectin RA by inhibiting the production of IL-8 and MCP-1, some scription of chemokines in SC, elicited by TNE-may be partially
experiments with cultured SC and U937 cells were done. Thaepressed by some labile proteins.
appropriate dose of TNE- (100U/ml), a potent inductor of Similar results were obtained in the human monocyte cell line
chemokine gene expression, was used as a positive control. A&937). IL-8 and MCP-1 mRNA expression induced in U937,
seen in Fig. 7, the stimulation of quiescent rabbit SC with 100 U/miwhen incubated for 4 h with TNE-(100 U/ml), was significantly
TNF-« induced a four- and nine-fold increase in IL-8 and MCP-1 reversed by the presence of tenidap &) in the culture medium
MRNA expression compared with control levels, respectively(Fig. 8).
(n=3, P<0:01). The presence of tenidap in the culture medium
significantly down-regulated IL-8 and MCP-1 mRNA expression
induced by TNFe (Fig. 7). DISCUSSION

In order to discover whether the IL-8 and MCP-1 mRNA Tenidap is effective in the treatment of RA [18,27], reducing
expression elicited by TNEk-required thede novosynthesis of  several biological markers of inflammation, such as erythrocyte
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sedimentation rate and serum levels of C-reactive protein (CRPhhibitor of IL-6 in human peripheral blood mononuclear cells
and serum amyloid A (SAA) protein, probably due to suppressionPBMC) [20]. Interestingly, tenidap’s activity was not mimicked
of the synthesis of cytokines, such as IL-1 and IL-6 [18,28,29]. It isby cyclooxygenase inhibitors, indicating that cytotoxic T lympho-
noteworthy that tenidap, but not non-steroidal anti-inflammatorycyte (CTL)-induced IL-B post-translational processing was not
drugs (NSAIDs), reduces leucocyte counts in knee effusions frondependent on an effect on prostaglandin (EGE) production.

RA patients [29]. This finding, together with the observation in this Moreover, CHX did not inhibit CTL-induced cytokine processing,
study that tenidap reduces the degree of inflammatory cell infiltraindicating that the ability of tenidap to reversibly suppress general
tion in the arthritic joint, may indicate that this drug exerts sometranslational activity was not responsible for this inhibitory activity
action on chemotactic factors. [40].

The central role of chemokines in the pathogenesis of chronic  The effects and mechanisms of action of tenidap on IL-8 and
arthritis is supported by a number of studies showing that chemoMCP-1 gene expression have not yet been elucidated. The data
kines such as IL-8 and MCP-1 are present in the arthritic jointpresented indicate that tenidap inhibits TNfAduced IL-8 and
[1,7,10,11]. In this sense, injections of IL-8 into rabbit joints results MCP-1 gene expression in rabbit fibroblast-like synoviocytes in a
in the accumulation of neutrophils and mononuclear cells [30]. Indose-dependent manner. Total protein synthesis was unaffected at
contrast, injection of anti-IL-8 antibodies into lipopolysaccharide concentrations and times at which effects on chemokine produc-
(LPS)- or IL-1-induced arthritis resulted in the attenuation of thetion were observed, suggesting that the inhibition of chemokine
inflammation [9,24]. production is not a result of a generalized metabolic effect on the

As occurs in other experimental models of RA [9], untreatedcells. Since tenidap is a potent anion-transport inhibitor and
rabbits presented in the synovial membrane, in parallel with themodulator of intracellular pH, it is possible that tenidap’s effects
accumulation of leucocytes, a marked increase in IL-8 and MCP-bn chemokine production, similar to what occurs with IL-6 and IL-
MRNA expression. By immunoperoxidase staining, an increase iri3 production, could be attributed to changes in intracellular pH
the deposition of the two chemokine proteins (IL-8 and MCP-1)and anion transport. Tenidap also modifies the activation-induced
was also observed. In arthritic rabbits receiving tenidap there was aalcium fluxes in several cells, such as mast cells and T cells [41]
diminution in IL-8 and MCP-1 protein levels, accompanied by a and the intracellular protein phosphorylation activity in activated
marked down-regulation of IL-8 and MCP-1 gene expression.macrophages [42].

These data suggest that the observed therapeutic effect on signs The present studies do not exclude that tenidap may act on
of inflammatory reaction in the synovium and SF may be due toother potential cell recruitment mediators, such as leukotrienes,
reduced chemokine expression. platelet-activating factor (PAF) and C5a. In fact, tenidap has been

The mechanism of IL-8 and MCP-1 over-expression in theshown to inhibit lipoxygenase and consequently to decrease LTB
synovium of animals with arthritic joints is unclear. In several levels in several cellular systems [43], including neutrophils from
models of joint damage, including those used in this study, arRA patient synovial fluids [44]. It has been shown that PAF, alone
increase in the synovial expression and synthesis of growth factorsr with other mediators, could amplify the inflammatory joint
and cytokines, such as transforming growth factor-beta (BGF- reaction [45]. Tenidap also inhibits PAF-induced IL-8 and MCP-1
TNF-«, IL-1 and IL-6, was observed, coinciding with maximal gene expression in rabbit monocytes in a dose-dependent manner
injury [31,32]. In this sense, the intra-articular injection of either (unpublished data).

TNF-« or of recombinant human IL-1 into animal joints produced On the whole, the present data show that in a rabbit model of
an infiltration of leucocyte cells within the joint space [33]. Based acute antigen arthritis there was an increase in IL-8 and MCP-1
on these and other studies, it was originally thought that BNF- expression and leucocyte accumulation in the synovial membrane,
and IL-1 were responsible for mediating neutrophil chemotaxis.that was prevented by tenidap treatment. Tenidap down-regulates
However, it has become clear that neither TFor riL-1 are  TNF-a-induced IL-8 and MCP-1 gene expression in cultured
chemotacticin vitro for neutrophils [34]. This apparent paradox mononuclear cells and SC. The current experiments afford an
was solved by the discovery that cultured SC can synthesizadditional pathogenic mechanism supporting the known beneficial
chemokines in response to numerous proinflammatory stimulieffect of tenidap in the treatment of RA.

including TNF« and IL-1 [10]. It is tempting to speculate that

during joint injury, both infiltrating inflammatory and resident cells

may release those mediators, stimulating SC to increase IL-8 and ACKNOWLEDGMENTS
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