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The rejection of vascularized heart
allograft by IL-5 secreting CD4+ T
lymphocytes and eosinophils is regulated
by CD8+ T cells and IFN- g
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and Michel Goldman1

1Department of Experimental Immunology,
3Department of Histology, Free University of
Brussels; 2REGA Institute, Catholic University
of Leuven, Belgium

Alloreactive IL-5-se creting CD4+ T lymphocyte s w ere
recently show n to mediate  the  re jection skin allografts
and this process  involved intragraft re cruitment of
eosinophils . Our study ex tends these  obse rvations to a
mode l of vascularized heart allograft in the mouse.
BALB/c  (H-2d ) hearts transplanted into C57BL/6 (H-2b )
rec ipients have a median survival of 9 days. Contrarily
to w hat is  observed for skin re jec tion, the re jection of
fully mismatched heart allografts is  not characterized
by intragraft eosinophilia and IL-5-secre ting ce lls  are
not de tec ted in the recip ie nt’s  lymph nodes. We
therefore  analyzed the factors that might dete rmine
the deve lopment of an IL-5-mediated re jection
response to heart allograft. CD8† T lymphocyte s are
know n to inhibit the  deve lopment of eosinophilia and
IL-5 se cretion in models of ex perimental allergic  or
viral asthma and in allograft re jec tion. We  indeed
confirmed these  observations in our mode l as
tre atment of the  rec ipient w ith depleting anti-CD8
antibodie s induced intragraft eosinophilia. The eosino-
philic  infiltrates w ere  dependent on the production
in v ivo of IL-5 as depletion of CD8+ cells in IL-
5-defic ient re cipients did not induce  eosinophilia.

More importantly, the  re jec tion of BALB/c  hearts in
these  mice  w as significantly delayed (up to 20 days
after grafting ) compared w ith the re jection in untrea-
te d controls  (9 days ).

In in  v itro ex periments, the pre sence  of CD8+ T
ce lls  in MLR of alloreac tive CD4+ T cells inhibited IL-5
secretion. This inhibition w as dependent on IFNg as
adding neutralizing anti-IFNg antibodie s to the MLR
prevented the  inhibition of IL-5 sec retion. More over,
the re jec tion of fully mismatched heart allografts by
IFNg -receptor (IFNg R)-de ficie nt re cipients w as char-
acte rized by a massive  intragraft eosinophilia. On the
contrary, grafts from IFNg -R-deficie nt recipie nts  tre a-
te d w ith neutralizing anti-IL-5 antibodies, did not
ex hibit eosinophil infiltration. This  study demon-
strate s IL-5-se cre ting CD4+ T ce lls  and eosinophils  as
effectors  of the  re jec tion of MHC class  I- and II-
disparate  heart allograft and reveals the importance  of
CD8+ T cells and IFNg in regulating this pathw ay of
re jec tion.

Endotoxaemia and plasma neopterin
levels following a marathon race

G. Camus1, M. Nys, J. Duchateau,
G. Deby-Dupont, C. Deby, M. Lamy and
J. Poortmans
1Research Associate, FNRS, Center of Oxygen,
Research and Development, Institute of
Chemistry, Sart Tilman, University of Liège,
Belgium

To addre ss the que stion of w hether endotox aemia
accompanying long-te rm physical w ork could be
involved in ex e rc ise-induced incre ase  in plasma neop-
te rin leve ls , 18 male  marathon runners [mean age : 41
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± 2 (SEM) years] we re  studied. The occurrence  of
ex e rc ise-induced endotox aemia w as studied by the
measurement of se rum activity of IgG antibodies
tow ard LPSs from various smooth (n = 13 ) and rough
(n = 9) form bac terial strains. Based on the changes of
the ELISA assay of IgG antibody activity to the various
LPSs, the subjects  w ere  divided into tw o groups. It
w as assumed that subjec ts w ith a reduction of their
IgG ac tivity have been challenged w ith endotox ins;
these  subjects w ere  assigned to group 1 (n = 12 ). The
othe r voluntee rs we re  placed in group 2 (n = 6).
Mean plasma neopterin concentrations measured at
rest w ere  practically equal in both groups (group
1:2.00 pg /ml; group 2 :2.02 pg /ml). This variable
inc re ased s ignificantly follow ing ex ercise  (P <  0.05 ),
reaching peak values immediately after the end of the
race in both groups and re turned to value s that did
not differ significantly from base line after 1 h recov-
ery. The net inc rease in plasma neopterin levels
( D Neopt), defined as the difference be tw een peak
values and base line were  0.37 ±  0.02 and 0.47 ±
0.02 pg /ml (mean ±  SEM) in groups 1 and 2,
respective ly. By unpaired Student’s t-te st, it w as  found
that the diffe re nce  be tw een these  D Neopt w as
statistically significant (P <  0.05 ).

From these  re sults, we  conc luded that the hypo-
thetical role  of endotox aemia in ex erc ise-induced
incre ase in plasma neopterin concentration observed
in our subjec ts w as  not substantiated by the present
results .

Nitric oxide induces apoptosis in human
chondrocytes

J. Chahboune1, R. Greimer2, C. Humblet2,
M-P. Defresne2, M. Mathy-Hartert1,
A. Labasse1, G. Deby3, J.M. Crielaard1,
J.Y. Reginster1, Y. Henrotin1,
1Bone and Cartilage Metabolism Research Unit;
2Department of Anatomopathology; 3Center for
Oxygen Biochemistry, University of Liège,
Belgium

Nitric ox ide  (NO) w as  found to be e levated in the
synovial fluid of patients w ith rheumatoid arthritis
and osteoarthritis, sugge sting its role in joint dise ases
pathophysiology. Moreover, NO w as re ported to be a
mediator of the IL-1 b e ffec ts responsible for cartilage
degradation. Recently, it w as  suggeste d that NO is
involved in ce ll apoptosis , and therefore  could be  an
inte resting target for drugs used in the treatment of
joint dise ases. For this purpose , w e have developed a
mode l of chondrocytes apoptosis induced by a NO
donor.

Enzymatically isolated human chondrocytes w ere
cultured for 24 hours in the absence or in the
presence of Sodium NitroPrusside (SNP), w hich is an

NO donor. Apoptosis w as  analysed by flow  cytometry
(FACS), using Annex in-V-FLUO as  marke r. Annex in-
V-FLUO is a Ca2 + dependent prote in w ith high affinity
for phosphatidylse rine (PS) w hich is translocated
from plasma membrane in the  early stages of apopto-
sis . Propidium Iodide  (PI) was also used to discrim-
inate ne crotic from apoptotic  cells.

In the  control conditions (w ithout SNP), 3% of the
chondrocytes  w ere  labe lled w ith Annex in-V. When
SNP (100 m M) w as added, the number of apoptotic
chondrocytes  re ached 23%, w here as  the number of PI
positive cells  re mained stable  (5.8%).

These findings suggest that NO donors induce
apoptosis, and therefore  could be involved in carti-
lage repair failure.

In vitro effects of recombinant human
interferon on basal and IL-1b stimulated
stromelysin, proteoglycans, cytokines
(IL-6, IL-8, IL-10), nitric oxide and IL-1ra in
human chondrocytes

J. Chahboune1, S.X. Zheng1,
M. Mathy-Hartert1, X. de Leval3, A. Labasse1,
G. Deby2, J.-M. Crielaard1, I.-Y. Reginster1,
J.-M. Dogné3, J. Delarge3 Henrotin1

1Bone and Cartilage; Metabolism Research
Unit; 2Center for Oxygen Biochemistry;
2Department of Medicinal Chemistry (3),
University of Liège, 4000 Liège, Belgium

Interferon g (IFNg ) is found to be e levated in the
synovial fluid of patients w ith arthritis  and osteoar-
thritis suggesting its  implication in joint dise ases
pathogenesis. In this  study, w e inve stigated the  e ffec ts
of IFNg on the  production of cytokine s (IL-6, IL-8, IL-
10), prostanglandin E2 (PGE2 , prote oglycans (PG), IL-
1 re ceptor antagonist (IL-1ra ) and strome lysin by
unstimulated and IL-1 b treated human chondrocytes.
The role played by PGE2 and NO in the  response  of
chondrocytes  to IFNg w ere  also ex amined using
cycloox ygenase and NO synthase inhibitors.

Enzymatically isolated human chondrocytes w ere
cultured for 48 hours in the absence or in the
presence of IL-1 b (10–1 1 to 10–10 M), IFNg (0.1 to
100 U/ml), diclofenac  (10– 5M), or NG monomethyl-
L-arginine (L-NMMA’; 0.5 mM) added alone or in
combination. IL-6, IL-8, IL-10, strome lysin and IL-1ra
w ere  de tec te d by Enzyme Amplified Sensitivity Immu-
noassays (EASIAs ). PG and PGE2 w ere quantified in
the culture supe rnatants by a radioimmunoassay
method (RIA). Nitric  ox ide production, dete cted as
nitrite  w as quantified by a spectrophotometric
method based on the  Griess  re ac tion.

As ex pected, proteoglycan production w as strongly
inhibited by IL-1 b and strome lysin production highly
stimulated. IL-1 b also inc reased IL-6, IL-8, PGE2 , IL-1ra
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and IL-10 production by human chondrocytes . IFNg

markedly inhibited the constitutive and IL-1 b -stimu-
lated IL-8 and IL-10 productions but inc re ased IL-6, IL-
1ra and PGE2 synthesis . Furthermore, IFNg inhibite d
both PG and stromelysin produced by untreated and
IL-1 b -tre ated chondrocyte s. Neither diclofenac nor
L-NMMA w ere  able to markedly reverse IFNg

effects.
The se findings sugge st that IFNg and IL-1 b ac t

syne rgic ally to stimulate  the production of IL-6, IL-1ra,
NO and PGE2 and inhibit PG synthesis. By contrast, IL-
1 b and IFNg have opposite  effe cts  on IL-8, IL-10 and
strome lysin production.

Comparative effects of a
sulfonylcyanoguanidine (BM 557) and a
sulfonylurea (BM 520) on interleukin 6
(IL-6), interleukin 8 (IL-8), prostaglandin E2
(PGE2 ) and nitric oxide (NO) production by
human articular chondrocytes

J.M. Dogné1, X. de Leval1, J. Delarge1,
G. Deby2, M. Mathy3 J. Chahboune3,
A. Labasse3, P. Neven1, J.Y. Reginster3 and
Y. Henrotin3

1Department of Medicinal Chemistry,
University of Liège, 1 av. de l’Hôpital, tour 4
(+5) Sart-Tilman; 2Centre for the Biochemistry
of Oxygen, Institute of Chemistry, Sart Tilman;
3Bone and Cartilage Metabolism Research Unit,
University Hospital, Sart-Tilman, CHU-B23,
4000 Liège, Belgium

The aim of this study w as to investigate  the influence
of the  sulfonylcyanoguanidine moie ty of BM 557
compared to the sulfonylurea moiety of BM 520 on
human chondrocyte culture. Therefore , several para-
meters  such as  interleukin 6 (IL-6), interleukin 8 (IL-
8), prostaglandin E2 (PGE2 ) and nitric  ox ide  (NO)
production w ere  evaluated. Chondrocyte s w e re  iso-
lated from the ir ex tracellular matrix  by triple succe s-
sive enzymatic digestions  of the  cartilage and cultured
for 48 h in a w ell-de fined culture medium in the
absence  or in the presence of IL-1 b and w ith or
w ithout the  investigated drug (at 100 m M). IL-6 and IL-
8 w ere  direc tly assayed into culture media by specific
enzyme amplified sensitivity immunoassays. PGE2 w as
quantified by a specific radioimmunoassay. Ce ll cul-
ture media w ere  assayed for NO2 using a spec-
trophotometric assay based upon the  Grie ss reaction.
In regard to the controls, BM 520 did not affec t
constitutive PGE2 production by chondrocytes but
decre ased by 57.24%. IL-1 b stimulated PGE2 produc-
tion w hereas BM 557 inc reased more than 10-times
either unstimulated or IL-1 b -stimulated PGE2 produc-
tion [ 3 15.2 PGE2 and 3 12.5 PGE2 (+IL-1 b )].
Moreove r, BM 557 w hich reduced DNA content in the

ce llular phase [% reduction: 37.9%; (+IL-1 b ): 44.3%]
strongly inhibited IL-6, IL-8 and NO production by
unstimulated or IL-1 b -treated chondrocytes (% of
inhibition of IL-6 and IL-8 production >  99%; % of
inhibition of NO production: 52.4% and +IL-1 b :
53.3%). In the same conditions, BM 520 w hich did not
affec t DNA content also inhibited IL-6, IL-8 and NO
production [% of inhibition of IL-6: 54.8 and IL-6 (+IL-
1 b ): 59.7; % of inhibition of IL-8: 39.9 and IL-8 (+IL-
1 b ): 43.2]; % of inhibition of NO: 13.3 and IL-6 (+IL-
1 b ): 8.22]. These results  indicate that the
sulfonylcyanoguanidine moie ty of BM 557 is poten-
tially tox ic  for chondrocytes compared to BM 520
w hich is  an inhibitor of unstimulated or IL-1 b -treate d
IL-6, IL-8 and NO production w ithout affec ting DNA
content of the cellular phase .

Effects of BM 540 on interleukin 6 (IL-6),
interleukin 8 (IL-8), prostaglandin F2 (PGE2)
and nitric oxide (NO) production by
human articular chondrocytes

J.M. Dogné1, X. de Leval1, J. Delarge1,
G. Deby2, M. Mathy3, J. Chahboune3,
A. Labasse3, P. Neven1, J.Y. Reginster3 and
Y. Henrotin3

1Department of Medicinal Chemistry,
University of Liège, 1 av. de l’Hôpital, tour 4
(+5) Sart-Tilman; 2Centre for the Biochemistry
of Oxygen, Institute of Chemistry, Sart Tilman;
3Bone and Cartilage Metabolism Research Unit,
University Hospital, Sart-Tilman, CHU-B23,
4000 Liège, Belgium

Sulfonylurea BM 540 w as  investigated as thrombox-
ane  A2 receptor antagonist and appeared to be  slightly
potent on this target. Deeper inve stigations w ere
performed w ith this drug on human chondrocyte in
culture. Several inflammatory mediators such as
inte rleukin 6 (IL-6), interleukin 8 (IL-8), prostaglandin
E2 (PGE2 ) and nitric  ox ide (NO) production w ere
evaluated. Chondrocytes  w e re  isolated from their
ex trace llular matrix  by triple succe ssive enzymatic
dige stions  of the  cartilage and cultured for 48 h in a
w ell-de fined culture medium in the  absence or in the
presence of IL-1 b and w ith or w ithout BM 540 at the
concentration of 100 m M. IL-6 and IL-8 w ere  direc tly
assayed into culture media by specific  enzyme ampli-
fied sens itivity immunoassays. PGE2 w as quantified by
a specific radioimmunoassay. Ce ll culture media w ere
assayed for NO2 using a spectrophotometric assay
based upon the  Griess reaction. In regard to the
controls, BM 540 did not affec t constitutive PGE2

production by chondrocytes but dec re ased by 48.5%
IL-1 b -stimulated PGE2 production. Moreove r, BM 540,
w hich did not affe ct DNA content in the cellular
phase , strongly inhibited IL-6 and IL-8 production by
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unstimulated or IL-1 b -treated chondrocytes [% of
inhibition of IL-6: 90.23 and IL-6 (+IL-1 b ): 84.12; % of
inhibition of IL-8: 77.66 and IL-8 (+IL-1 b ): 81.76]. In
the same conditions, our drug also decre ased NO
production (30.22% and w ith IL-1 b 31.77%). From
these  results , w e conclude that BM 540 is a pote nt
inhibitor of IL-6, IL-8 and NO production by either
unstimulated or IL-1 b -stimulated human chondro-
cytes. Moreover, BM 540 also inhibits IL-1 b -stimulated
PGE2 production. Therefore , BM 540 could be  an
inte resting drug for the treatment of joint dise ases
w ith potent antiinflammatory properties.

In vitro induced imbalance between
stromelysin and TIMP-1 production by
human chondrocytes

X. de Leval1, J.M. Dogné1, J. Delarge1,
G. Deby2, M. Mathy3, J. Chahboune3,
A. Labasse3, P. Neven1, J.Y. Reginster3 and
Y. Henrotin3

1Department of Medicinal Chemistry,
University of Liège, 1 av. de l’Hôpital, tour 4
(+5) Sart-Tilman; 2Centre for the Biochemistry
of Oxygen, Institute of Chemistry, Sart Tilman;
3Bone and Cartilage Metabolism Research Unit,
University Hospital, Sart-Tilman, CHU-B23,
4000 Liège, Belgium

In cartilage, ex trace llular matrix  integrity is  main-
tained by a de licate balance  betw een catabolic and
anabolic processes  controlled by grow th factors,
cytokines, hormones and mechanical stimuli. In
oste oarthritis , this equilibrium is disrupte d, leading
progressively to an ex cess of tissue  degradation and
finally, tissue disappearance . The imbalance  betw een
strome lysin and TIMPs production constitute an
important physiopathological proce ss. In this  study,
w e have  investigated the effects of TGFb 1, acec lofe-
nac (ACE) and its main metabolites  diclofenac and
4OH-aceclofenac  (DICLO and 4-OH ACE) on strome-
lysin synthesis and activity and TIMP-1 production by
human chondrocyte s. Chondrocyte s we re  cultured
for 72 h in the  absence  or in the  presence  of
recombinant human IL-1 b (rhIL-1 b ; 2 to 100 pg /ml)
either alone or in combination w ith human recombi-
nant TGFb 1 (10 ng /ml) and /or ACE, DICLO or 4-OH
ACE (0.5, 2 and 10 m g /ml). Stromelysin and TIMP-1
w ere directly assayed in the culture medium by
specific immunoassays. As ex pecte d, IL-1 b (2, 10,
100 pg /ml) stimulated stromelysin synthe sis and
inhibited TIMP-1 production leading to an enhance-
ment of stromelysin activity into culture super-
natants. Inverse ly, TGFb 1 (10 ng /ml) decre ased stro-
melysin synthe sis /activity and stimulated TIMP-1
production. Furthermore, TGFb 1 partially re ve rsed

IL-1 b e ffec ts  on TIMP-1 and stromelysin synthe sis
and highly decre ased strome lysin ac tivity found in
the culture  medium. At the rapeutic concentration,
ne ithe r ac eclofenac  nor diclofenac  nor 4-OH aceclo-
fenac were  capable of modifying stromelysin synthe-
sis /ac tivity or TIMP-1 b production. Furthermore,
these  drugs did not affe ct the TGF-b 1 induced
effects. In  v itro , IL-1 b induced a profound dis-
equilibrium be tw een stromelysin and TIMP-1 synthe-
sis  leading to an inc re ase of stromelysin ac tivity
found in the culture medium. This imbalance  is
partially correcte d by TGFb 1 but not affec ted by
aceclofenac and metabolites .

Synthesis and evaluation of non-carboxylic
pyridinic derivatives as cyclooxygenase
inhibitors

J.M. Dogné1, X. de Leval1, J. Delarge1,
G. Deby2, M. Mathy3, J. Chahboune3,
A. Labasse3, P. Neven1, F. Somers1, B. Pirotte1,
J.Y. Reginster3 and Y. Henrotin3

1Department of Medicinal Chemistry,
University of Liège, 1 av. de l’Hôpital, tour 4
(+5) Sart-Tilman; 2Centre for the Biochemistry
of Oxygen, Institute of Chemistry, Sart Tilman;
3Bone and Cartilage Metabolism Research Unit,
University Hospital, Sart-Tilman, CHU-B23,
4000 Liège, Belgium

Torasemide , a sulfonylurea pyridinic  loop diure tic,
emerged from the  pharmacomodulation of an iso-
mere  of niflumic  ac id named trifloc ine. On the
othe r hand, nimesulide, a nitrobenzenic sulfona-
mide w hich does not carry any carbox ylic  moiety
has been desc ribed as  COX-2 se le ctive  inhibitor.
These tw o observations led us to de sign and te st a
se rie s of non-carbox ylic pyridinic derivative s for
their inhibitory activity on cycloox ygenase. For this
purpose, an enzymatic  assay using purified COX-1
and COX-2 w as set up. In this  assay, one unit of
cycloox ygenase enzyme  (COX-1 or COX-2) w as sus-
pended in Tris buffer (1 ml, 100 mM), pH=8, con-
taining phenol (2 mM) and hematin (1 m M) as  cofac-
tors. They w ere  pre incubated w ith the substract
alone  (controls ) or w ith drugs (10 m M) for 5 min at
37°C. Arachidonic acid sodium salt (10 m M) w as
added and further incubated for 2 min at 37°C.
Reaction w as halted by placing the tube  on ic e and
by adding diclofenac sodium salt at a final concen-
tration of 1 mM. PGE2 production w as assayed by a
specific radioimmunoassay (RIA). The  effe cts of our
molecules  w ere  compared w ith those of indom-
ethacin and nimesulide. In our syste m, indometha-
cin (10 m M) inhibited COX-1 by 17.1 ±  1.2% and
COX-2 by 31.2 ±  3.3% (ratio COX-2/COX-1: 1.82)
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w hereas nimesulide (10 m M) inhibited specific ally
the production of PGE2 by COX-2 by 75.5±2.1%
(ratio  COX-2/COX-1: 0.76). The compound JMD 11
show ed a spec ific  COX-2 inhibitory activity in the
same orde r than nimesulide  (10 m M: % production
of PGE2 using COX-1: 94.9 and using COX-2: 66.5;
ratio COX-2/COX-1: 0.70). These  data confirm the
inte rest of non-carbox ylic  pyridinic  structures  as
original COX-2 se lective  nonste roidal anti-inf lamma-
tory drugs.

Design, synthesis and pharmacological
evaluation of original thromboxane
receptor antagonists

J.M. Dogné1, X. de Leval1, J. Delarge1,
Y. Henrotin2, J.Y. Reginster2, P. Neven1

S. Rolin3 and B. Masereel3
1Department of Medicinal Chemistry,
University of Liège, 1 av. de l’Hôpital, tour 4
(+5) Sart-Tilman; 2Bone and Cartilage
Metabolism Research Unit, University Hospital,
Sart-Tilman; 3Department of Pharmacy,
University of Namur, 61 rue de Bruxelles, 5000
Namur, Belgium

Since torasemide has be en demonstrated to re lax
dose-dependently canine coronary pre contracte d by
thrombox ane  A2 , a serie s of pyridinic  and nitro-
benzenic  derivative s has be en inve stigated w ith the
aim to develop original thrombox ane  A2 receptor
antagonists. A nitrobenzenic sulfonylurea (BM 500), a
pyridinic sulfonylcyanoguanidine  (BM 144) and a
nitrobenzenic  sulfonylcyanoguanidine (BM 519)
emerged as  the most pote nt antagonists  te ste d.
Indeed, the ir affinity for human w ashed plate le ts
thrombox ane  A2 receptors labe lled w ith [3H]SQ-
29,548 has  be en de termined (IC50: BM144: 0.28 m M;
BM500: 0.079 m M; BM 519: 0.022 m M) and demon-
strated to be  higher than torasemide  (IC50: 3.6 m M)
and sulotroban (0.76 m M). The ir antagonism pote ncy
has been confirmed since  w e demonstrated that our
drugs prevented human platele t aggregation induced
by arachidonic ac id, the  biological precursor of
thrombox ane  A2 (IC50: BM144: 9.0 m M; BM500:
14.2 m M; BM 519: 0.45 m M) and U-46619, a stable
TXA2 agonist (IC50: BM144: 12.9 m M; BM500: 9.9 m M;
BM 519: 0.15 m M). The three torasemide derivatives
also re lax ed rat aorta ring pre contracte d by U-46619.
The calculated IC50 values (IC50: BM144: 0.12 m M;
BM500: 0.19 m M; BM 519: 0.0012 m M) show ed that
our drugs w ere  much more  active than torasemide
(IC50: > 10 m M) and sulotroban (IC50: 1.62 m M).
Moreove r, in rats (30 mg/kg per os ), BM500, BM144
and BM519 have lost the  diuretic  properties of
torasemide. The se re sults indicate that our com-

pounds can be  considered as novel non-carbox ylic
thrombox ane  A2 antagonists much more potent than
sulotroban.

Opposite effects of IL-10 and TNF a on the
glucocorticoid sensitivity of human
monocytes: Implications for
anti-inflammatory therapies

D. Franchimont1,2 ,3, H. Martens2, E. Louis1,
G.P. Chrousos3, J. Belaiche1 and V. Geenen2

1Division of Gastroenterology; 2Laboratory of
Radio-Immunology &
Neuroendocrine-Immunology, Institute of
Pathology CHU-B23, University of Liège-Sart
Tilman; 3NICHD, NIH, Bethesda, MD, USA

Introduction : Glucocorticoids are  w idely used in the
tre atment of inflammatory diseases , but patients
sometimes developed glucoresis tance  during long-
te rm ste roid the rapy. This study investigated the
hypothesis that glucocorticoid sensitivity is modu-
lated by cytokine s involved in inflammatory
proce sse s.

Methods : We analysed the  effe cts  of dex ametha-
sone  (DXM) on IL-10 and TNF a se cretions  induced by
LPS in human w hole blood ce ll culture s. Then, the
putative modulation of DXM sensitivity by pre incuba-
tion w ith IL-10 or TNF a w as inve stigated in LPS-
induced IL-6 secre tion by human w hole  blood ce ll
cultures , as we ll as  in PMA-elicited IL-1RA secretion
by the human monocytic  cell line  U937. Finally, the
influence of IL-10 and TNF a on DXM binding to U937
ce lls  w as evaluated using Scatchard analyse s.

Results : DXM ex erted distinct e ffec ts on LPS-
induced IL-10 and TNF a sec retions: w hile  DXM
suppressed TNF a in a dose-dependent fashion, its
effect on IL-10 w as biphas ic  w ith a stimulation of IL-10
at low  dose s, and w ith an inhibition at high dose s. Pre-
tre atment w ith IL-10 inc reased, w hile  pre-treatment
w ith TNF a diminished the  ability of DXM to suppre ss
IL-6 sec retion induced by LPS in w hole blood ce ll
cultures  (p <  0.01). Interestingly, DXM w as found to
inc re ase the se cre tion of IL-1RA stimulated by PMA in
U937 ce lls . Pre-treatment w ith IL-10 enhanced this
effect, w hile  TNF a inhibited it (p <  0.05). Finally,
Scatchard analyse s repeatedly evidenced that IL-10
incre ases (p <  0.001), w hereas TNF a decrease s the
number of DXM binding site s in U937 ce lls , w ith no
disce rnible effe ct on the  binding affinity.

Conclus ion s : Glucocorticoids differentially mod-
ulate  IL-10 and TNF a sec re tions in a LPS dose-
dependent fashion. Glucocorticoid sensitivity is
altered by IL-10 and by TNF a . The Th2 cytokine IL-10
syne rgic ally ac ts w ith glucocorticoids, w hile  the
proinflammatory cytokine TNF a blocks the  effe ct of
glucocorticoids. Since IL-10 increase s and TNF a
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decre ases glucocorticoid sensitivity of monocytes,
this study provides evidence for spec ific steroid-
sparing e ffec ts of cytokine-dire cted therapies. (Sup-
po rte d by  Fo nda tio n  Lé o n  Frede ricq o f Liè ge  Me dica l
Scho o l a nd by  FNRS. )

Evaluation of the antiinflammatory
potency of nimesulide, aceclofenac and
their metabolites on purified COX-1 and
COX-2

X. de Leval1, J.M. Dogné1, J. Delarge1,
G. Deby2, M. Mathy3, J. Chahboune3,
A. Labasse3, P. Neven1, F. Somers1,
J.Y. Reginster3 and Y. Henrotin3

1Department of Medicinal Chemistry,
University of Liège, 1 av. de l’Hôpital, tour 4
(+5) Sart-Tilman; 2Centre for the Biochemistry
of Oxygen, Institute of Chemistry, Sart Tilman;
4000 3Bone and Cartilage Metabolism Research
Unit, University Hospital, Sart-Tilman,
CHU-B23, 4000 Liège, Belgium

Evidence of the  ex istence of tw o forms of cycloox-
ygenase  and the clinical re levance  of COX-2 ac tivities
has led to the development of COX-2 selec tive
NSAIDs. In order to evaluate  this se le ctivity, w e have
developed and validated an enzymatic method. In this
assay, one  unit of cycloox ygenase  enzyme  (COX-1 or
COX-2) was suspended in Tris buffe r (1 ml, 100 mM),
pH=8, containing phenol (2 mM) and hematin (1 m M)
as cofactors. They w ere  pre incubated w ith the
substract alone (controls ) or w ith nimesulide or
indometacin (0.01 to 100 m M) for 5 min at 37°C.
Arachidonic  ac id sodium salt (10 m M) w as added and
further incubated for 2 min at 37°C. Reaction w as
halted by placing the tube on ic e and by adding
diclofenac sodium salt at a final concentration of
1 mM. PGE2 production w as  assayed by a specific
radioimmunoassay (RIA). Using this te st, we  have
evaluated the  antiinflammatory pote ncy and the
se lectivity of nimesulide (NIM), aceclofenac (ACE)
and their main metabolites: 4-OH nimesulide (4-OH
NIM), 4-OH aceclofenac (4-OH ACE) and diclofenac
(DIC). Nimesulide did not inhibit the  PGE2 produc-
tion by COX-1 but dose-dependently decre ased COX-2
activity. In contrast, ACE and DIC caused a dose-
dependent inhibition of both COX-1 and COX-2 (ACE;
IC50 supe rior to 100 m M on COX-1 and COX-2; DIC:
IC50=0.79 m M on COX-1 and 1.04 m M on COX-2).
Finally, we  have obse rved that hydrox ylated nimesu-
lide  and aceclofenac  fully lost the ir activitie s on COX-
1 and COX-2. In conclusion, nimesulide  appears to be
the only COX-2 selec tive drug inve stigated in this
study. Moreover, it appears that hydrox ylated metabo-
lites  of nimesulide and aceclofenac were  inac tive s on
both COX-1 and COX-2.

Comparative effects of nimesulide,
nimesulide L-lysine and nimesulide
L-lysine L-arginine on human articular
chondrocytes in vitro

X. de Leval1, J.M. Dogné11, J. Delarge1,
B. Pirotte1, G. Deby2, M. Mathy3,
J. Chahboune3, A. Labasse3, P. Neven1,
J.Y. Reginster3 and Y. Henrotin3

1Department of Medicinal Chemistry,
University of Liège, 1 av. de l’Hôpital, tour 4
(+5) Sart-Tilman; 2Centre for the Biochemistry
of Oxygen, Institute of Chemistry, Sart Tilman;
3Bone and Cartilage Metabolism Research Unit,
University Hospital, Sart-Tilman, CHU-B23,
4000 Liège, Belgium.

Nimesulide L-lysine and nimesulide L-lysine  L-arginine
are  tw o de rivatives  w hich present a better w ater
solubility than nimesulide (0.01 mg/ml for nimesu-
lide , 7.5 mg/ml for nimesulide  L-lys ine ). There fore ,
those tw o drugs should present a more favorable
pharmacokine tic  profile  than nimesulide . So, it
se emed to us important to compare  the  effe cts of
these  thre e drugs on IL-6, IL-8, prostaglandins E2 and
proteoglycans production by human chondrocytes in
v itro . The chondrocytes we re  enzymatically isolated
and cultured for 72 hours in the absence  or presence
of IL-1 b (5 units ) and w ith or w ithout the  inve stigated
drugs. Specific  radioimmunoassays we re  used to
quantify proteoglycan and PGE2 production. Cytokine
production (IL-6 and IL-8) w as assayed by Enzyme
Amplified Sens itivity Immunoassays (EASIAs ). DNA,
proteoglycans and IL-8 productions were  not sig-
nificantly different for the thre e drugs. In contrast, IL-
6 levels measured for the nimesulide L-lysine
L-arginine were  significantly low er than those meas-
ured for the tw o other drugs. In conclusion, the se
tw o nimesulide derivative s show ed better pharmaco-
kinetic  prope rties but also similar, e ven be tte r phar-
macologic al profile  than nimesulide .
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Induction of inducible nitric oxide
synthase, cyclooxygenase-2 and
interleukin-1 b expression by
lipopolysaccharide in human chondrocytes

M. Mathy-Hartert1, J. Chahboune1,
A. Labasse1, G. Deby2, X. de Leval3,
J. Delarge3, J.-M. Dogne3, J.-M. Crielaard1,
J.-Y. Reginster1 and Y. Henrotin1,
1Bone and cantilage Metabolism Research
Unit; 2Center for Oxygen Biochemistry,
3Department of Medicinal Chemistry (3),
University of Liège, Belgium

Studies involving animal arthritis models and analysis
of human synovial fluid have implicated nitric  ox ide
(NO), prostaglandins (PG) and interleukin-1 b (IL-1 b )



in the  pathogenesis of rheumatoid arthritis and
oste oarthritis . Moreover, these thre e mediators w ere
reported to trigger cartilage degradation, suggesting
their role s in the  pathophysiology of joint dise ase s.
Inducible  isoenzymes, nitric ox ide synthase (iNOS)
and cycloox ygenase-2 (COX-2) ac count for high levels
of, respective ly, NO and PGs generation. The  objec tive
of the pre sent study w as to ex amine  mRNA ex pres-
sion of iNOS, COX-2 and IL-1 b in human articular
chondrocytes  isolated from cartilage obtained from
donors w ithout know n history of joint dise ases.

Human chondrocyte s w ere  cultured for 48 hours in
the absence or presence  of lipopolysaccharide  (LPS)
(10 m g /ml). Follow ing tre atment of ce lls  and ex trac-
tion of RNA, semi quantitative  Reverse Transcription
Polymerase  Chain Reaction (RT PCR) w as used to
ex amine ex pression of the  iNOS, COX-2 and IL-1 b

genes. Ex pression w as standardized by concomitant
amplification of an endogenous housekeeping gene
( b -actin ). For amplific ation of the  desired cDNA, gene-
specific primers w ere  used. Amplified cDNA w ere
resolved by agarose  e lectrophoresis and quantific a-
tions were  evaluated by densitometry (Gel Doc 2000,
Bio Rad ). The specificity of amplified band w as
valided by the ir predicte d size.

Under basal condition, both iNOS and COX-2
mRNA w ere  present at low  level (150 and 256
Densitometry Units  (DU), respective ly ) w hile  IL-1 b

mRNA w as  unde te ctable. Ex pression of the  thre e
genes w ere  markedly inc re ased by treatment w ith LPS
(iNOS: 831 DU, COX-2: 1017 DU, IL-1 b :427 DU).
These data indicate  a major role for control of NO,
PGE2 and IL1-b synthesis at the  mRNA levels.

Critical role of IL-4 and IL-5 in acute and
chronic rejection of MHC class-II
incompatible skin grafts

A. Le Moine1, M. Surquin1, F.X. Demoor1,
V. Flamand1, M.-A. Nahori2, M. Pretolani*3,
M.Y. Braun1, R. Kiss1, M. Goldman1 and
D. Abramowicz1

2Hopital Erasme, Brussels, Belgium; 2INSERM
Unité 485*, Institut Pasteur; 3INSERM Unité
408*, Xavier Bichat, Paris, France

Skin grafts  from MHC class  II antigen disparate bm12
mice are acute ly re jec te d by untreated C57BL/6 mice.
If acute  re jec tion is prevented by injections of an anti-
CD3 mAb, the bm12 grafts w ill undergo chronic
re jec tion w hich is  characterized by a proliferative
intimal vasculopathy and a dermal fibrosis. In both
se ttings, re jec ted allografts display inc reased amounts
of IL-4 and IL-5 mRNA, together w ith a massive
eosinophil infiltration. MLR revealed that in both
case s, recipie nts  w ere  primed for IL-4 and IL-5

production. The aim of our study is to inve stigate  the
pathogenic  role  p layed by IL-4 and IL-5 in acute and
chronic allograft re jection, s ince  the se Th2-type cyto-
kines are crucial for eosinophil-mediated pathology.

For the  study of acute  re jection, we  pe rformed
bm12 skin grafts  on IL-4 and IL-5-defic ient C57BL/6
mice. Graft re jection w as s ignificantly delayed on
both types of cytokine-deficient mice. IL-4 or IL-
5-defic iency resulted in the lack of graft eosinophil
infiltration. The re jection that still occurred in the
majority of IL-4- and IL-5-defic ient mice  w as like ly to
be mediated by CD4 cytotox ic ity, w hich is due to Fas /
Fas ligand interac tions. The possible  independent role
of IL-5 and eosinophils  in trigge ring acute allograft
re jec tion w as therefore  investigated in MHC class II
disparate  donor–re cipient strains unable  to e stablish
Fas /Fas ligand interactions. Fas ligand-de fic ie nt g ld /
g ld mice re jec ted bm 12 skins and bm 12 mice
re jec ted Fas-defic ie nt lpr / lpr C57BL/6 skins. Neutral-
ization of IL-5 prevented graft eosinophil infiltration
and acute re jection in both combinations, indicating
that IL-5 and eosinophils  constitute a pathw ay intrins-
ically suffic ient to mediate  re jec tion of MHC class II
disparate  skin allografts.

With regard to chronic bm 12 skin allograft
re jec tion, neutralization of IL-4 complete ly prevented
allograft vasculopathy as  w ell as  graft eosinophil
infiltration and interstitial fibrosis. Injec tions of anti-
IL-5 mAb or the  use  of IL-5-deficient mice as recipie nt
prevented eosinophil infiltration and dermal fibrosis
but not vasculopathy.

In conclusion, (1) MHC class II disparate skin
allografts  trigger an IL-4 and IL-5-dependent infiltra-
tion of eosinophils  that is sufficie nt to induce acute
graft destruction; (2) w ith re spect to chronic  re jec-
tion, IL-4-and IL-5-mediated allograft eosinophil infil-
tration is  assoc iated w ith inte rstitial fibrosis. IL-4, but
not eosinophils, is required for oblite rative graft
vasculopathy.

Chelating and antiradical properties of
anti-inflammatory drug nimesulide:
chemiluminescence and EPR study

Ange Mouithys-Mickalad1,
Ginette Deby-Dupont1,2, Carol Deby1,
Maurice Lamy1,2 and Yves Henrotin2,3

1Center for Oxygen Research & Development
(CORD), Institut de Chimie, B6a; 2Department
of Anesthesiology and Intensive Care, B35;
3Cartilage and Bone Research Unit (UROC),
Institut de Pathologie, B 35, University of Liège,
Sart Tilman, 4000 Liè, Belgium

Seve ral studies have been focused on the antiox idant
propertie s of the non steroidal anti-inflammatory
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drug Nimesulide  (2-phenox y-4-nitro-methansulfonani-
lide ; NIM) and othe r sulfanilamide-re lated antiin-
flammatory compounds. NIM w as reported to scav-
enge both hydrox yl radical (�OH) and superox ide
anion (O2 1 ), but the mechanism by w hich NIM and
its  main metabolite  (OH-NIM) ex ert their antiox idant
activity re mains to be  discussed. It is also know n that
the synovial fluid from rheumatoid arthritis (RA)
patients can contain measurable  amounts of iron
capable  of catalyzing ox idative damage in v ivo , and
that the iron status of RA patients influences the
disease pathology. This study w as designed to under-
stand the  mechanism of the  antiox idant ac tivity of
NIM and HO-NIM. Nimesulide  and OH-NIM were
te ste d (by chemiluminescence te chnique, CL) for
their ability to react w ith hypochlorous ac id (HOCl)
in vitro , and compared to phenylbutazone  (PBZ). The
effects of NIM and HO-NIM were also te sted by
electron paramagnetic resonance  technique  (EPR) on
3 free  radical spec ie s: the ascorbyl free  radical (AFR)
that is  formed spontaneously in plasma, and °OH and
O2°– radicals produced in  v itro . NIM, HO-NIM and
PBZ scavenged HOCl at a rate suffic ient to dec rease
light emis sion (45, 85 and 62% inhibition, respec-
tively ). The range  of e fficacy was HO-NIM >  PBZ >
NIM. Nimesulide decre ased the EPR signal intensity of
°OH, but not O2 1 . HO-NIM ex e rted a good scaveng-
ing effe ct tow ards both radical spec ie s . The CL of
stimulated neutrophils w as  dec re ased by NIM (5 to
25 m g /ml) in a dose-dependent manner. The  sponta-
neous AFR from plasma of healthy volunteers w as
reduced w ith 10– 4 M NIM and HO-NIM. How ever,
w hen plasma w as  ove rloaded w ith 10– 4 M ascorbate,
the re sulting AFR signal intens ity w as incre ased by
NIM, an observation that could be ex plained by
modification of the re dox  status of p lasma by iron
scavenging by NIM, w hat would hinde r the function
of ascorbate ox idase cycle . These re sults demon-
strated that NIM ex e rts its  antiradical prope rties,
mainly by chelating metal iron. OH-NIM shared s imilar
propertie s w ith NIM. NIM thus pre sent benefic ial
antiox idant e ffec ts at clinically re levant concentra-
tions in pathological situations like rheumatoid
arthrisis.

Nitrated proteins as an indicator of an
oxidative activity in bronchoalveolar
lavage fluid of intensive care patients

M. Nys, M. Mathy-Hartert, P. Damas,
G. Deby-Dupont and M. Lamy
Department of Anaesthesiology and Intensive
Care & Centre for Oxygen Research and
Development, University of Liège, Belgium

Invasion of lungs by neutrophils is a common
phenomenon in intensive care patients  w ith ven-

tilator-associated pneumonia (VAP) and w ith acute
respiratory distress syndrome (ARDS). These neu-
trophils are activated and degranulate in  s itu .
They produce nitric ox ide  (NO) as a defense
mechanism and reactive  ox ygen specie s  during
their re spiratory burst. The  simultaneous presence
of NO and superox ide anion can lead to the in
s itu formation of perox ynitrite  (ONOO-), a pote nt
ox idant spec ie s  re sponsible for cell damage  and
prote in nitration. In 71 bronchoalveolar lavage
(BAL) fluids of 58 patients (42 male s, 16 female s;
mean age: 55 ±  17 years ) at risk of VAP, w e
measured the concentrations of nitrated prote ins
(NTP) and active  myeloperox idase (MPO) as a
marker of neutrophil degranulation, and corre lated
them w ith the presence  of ac tivated neutrophils.
The effec ts of BAL fluid on human alveolar cells
(A549) in culture w ere  analyzed by measuring the
re lease  of 5 1Cr pre-incorporated by the ce lls (cyto-
tox ic ity test ) and correlated w ith NTP and MPO
values. Pe arson’s correlation and Mann–Whitney
te st we re  performed, w ith p< 0.05 being
significative.

VAP and/or ARDS w ere  diagnosed in 38 patients
(VAP/ARDS group ), and 20 patients w ithout the se
pathologie s formed the control group. No s ignifica-
tive diffe re nce  w as observed be tw een the 2 groups
for clinical paramete rs (mean APACHE II score
15.85±5.49; mean intubation duration: 19.93±15.49
days; mean ICU stay: 29.45±23.99 days; 17 deaths ).
There  w as no significative  diffe rence in the mean
prote in value  of BAL be tw een the  2 groups
(1.49±0.17 mg/ml in VAP/ARDS ve rsus 1.38±0.34 in
controls ). A significative diffe rence w as found for
the mean values of neutrophil count (1.21±0.35.106

ce lls /ml in VAP/ARDS versus 0.18±0.11.106 in
controls; p< 0.005), NTP (13.50±3.80 m g /ml in VAP/
ARDS versus 0.8±0.4 in controls; p< 0.05) and MPO
(1.66±0.45 U/ml in VAP/ARDS versus 0.25±0.1 in
controls; p< 0.005), and for cytotox ic ity (IC:
cytotox ic ity index  ex pressed in %; 51±15% in VAP/
ARDS versus 8.7±1.3 in controls; p< 0.01). The
presence of NTP in BAL corre lated w ith the num-
ber of neutrophils (p< 0.001) and w ith the presence
of ac tive MPO (p< 0.001), but none of these
parameters  corre lated w ith total prote ins. The
cytotox ic ity of BAL w as  correlated w ith the value s
of NTP (r=0.92; p< 0.001) and MPO (r=0.88;
p< 0.001 ).

From these  data, w e concluded that MPO was
re leased in the alveoli by ac tivated neutrophils  and
that NTP were  formed in  s itu in re lation w ith the
ox idant ac tivity of stimulated neutrophils. This intra-
alveolar ox idant ac tivity led to the  production of
BAL fluids w hich w ere  cytotox ic  on alveolar cells.
The presence of NTP in BAL could thus be  an
indicator of an in s itu ox idative activity occurring
in patients  w ith VAP/ARDS.
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Critical role of IL-4, IL-5 and eosinophils in
the acute skin graft rejection induced by
b 2 microglobulin-associated minor
transplantation antigens

M. Surquin1, A. Le Moine1, FX. Demoor1,
V. Flamand1, M.A. Nahori2, M. Pretolani2

M. Goldman1 and D. Abramowicz1

1Hôpital Erasme, Université Libre de Bruxelles,
2INSERM U408, CHU Bichat, Paris, France

Minor transplantation antigens are  constituted by the
association of an MHC class I or class  II molecule w ith
a peptide  de rived from a protein w hich displays
allotypic  difference s betw een the donor and the
rec ipient. b 2 mic roglobulin ( b 2 m) peptide s are
constitutively pre sent in the MHC class I and II
molecules . These  antigenic complex es represent
transplantation antigens in mice as indicated by the
re jec tion of b 2 m-positive  grafts  by gene tically b 2 m
defic ient mice . The immunologic al mechanisms trig-
gering the  re jec tion of minor transplantation antigens
are  still poorly unde rstood.

We performed skin grafts from w ild-type  C57BL/
6 ( b 2m+ /+ ) mice on C57BL/6 b 2 m de ficie nt

( b 2 m–/–) mice. Ninety-three  % of b 2 m–/– mice
(N=21) re jec te d their graft w ithin 20 days after
transplantation. Histological ex amination of re jec-
te d grafts show ed tissue ne crosis and infiltration by
numerous eosinophils (eosinophils /0.0025 mm2 . 36
versus 2 in syngene ic  grafts , P< 0.0001 ). In  vitro ,
lymph node T ce lls  from b 2 m–/– sensitized mice
produced large amounts of IL-5 w hen stimulated
w ith b 2 m+ /+ cells. Furthe rmore , IL-5 and IL-4
mRNA w ere  detected by RT-PCR w ithin re jec te d
b 2 m+ /+ grafts, but not in syngeneic  skins. To
investigate  the  possible  causal role  of IL-4 and IL-5
in the re jec tion of b 2 m+ /+  grafts, w e performed
in vivo ex periments w ith neutralizing anti-IL-4 and
anti-IL-5 mAb. Treatment w ith e ither mAb signifi-
cantly prolonged b 2 m+ /+  skin graft survival (% of
graft survival at 1 month: anti-IL-4, 90%; anti-IL-5,
62%; ve rsus 7% in the untreated group; P< 0.001
and P< 0.01, re spec tively ). Both treatments also pre-
vented the  allograft infiltration by eosinophils .

We  conclude that IL-4 and IL-5 play a c ruc ial
role  in the re jection of b 2 m-associated minor
transplantation antigens, probably by mediating
allograft destruction by eosinophils.
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