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Abstract

Synovial cell cultures prepared from samples taken from osteoarthritic and rheumatoid patients were treated with different
anti-inflammatory agents (cortisol, indomethacin, ibuprofen and piroxicam) to determine their ‘anti-interleukin-18° action, using
inhibition of interleukin-1 3-mediated glucose uptake stimulation as a biological test. Confluent cells were treated for 24 h with different
concentrations of these drugs (107°, 10~° and 10~7 mol /1) to study their effect on the inflammation process. 6 h before glucose uptake
studies, interleukin-18 (1 ng/m!) was added. Whereas non-steroid anti-inflammatory agents were inefficient, cortisol inhibited the action
of interleukin-18 on glucose uptake. In osteoarthritic cells, cortisol, 107> mol /1, reduced interleukin-1p3-mediated glucose uptake by
27% after a 24-h incubation. In rheumatoid cells, stimulated 2-deoxy-D-glucose uptake was reduced by 40.6%. Results were similar when
interleukin-18 and cortisol were added simultaneously, 6 h before glucose uptake was measured. This rapid effect of cortisol was protein
synthesis-dependent (inhibited by cycloheximide). Cortisol decreased glucose uptake by synoviocytes by acting on basal and interleukin-
1 B-mediated glucose uptake. This effect was more pronounced in rheumatoid synovial cells. The inhibition of interleukin-1 S-mediated
glucose uptake could be proposed as a new model for studying the anti-interleukin-13 effects of anti-rheumatic drugs.

Keywords: Synovial cell; Human; Glucose uptake; Anti-inflammatory drug; Osteoarthritis; Rheumatoid arthritis

1. Introduction (Hernvann et al., 1992). This cytokine was a more potent
regulator of glucose metabolism than insulin in these cells
and acted by increasing the number of glucose transporter
GLUTI1. As cytokine receptor antagonists are being inves-
tigated for the treatment of rheumatic disease (Sipe et al.,
1994), we investigated the possibility of using interleukin-
1 8-mediated glucose uptake by human cultured synovial
cells to evaluate the anti-interleukin-18 activity of anti-
rheumatic drugs. Three non-steroidal anti-inflammatory
agents were used: ibuprofen, indomethacin and piroxicam,
and one steroidal anti-inflammatory: cortisol.

Inflammation and joint destruction in rheumatic dis-
eases, such as osteoarthritis and rheumatoid arthritis, are in
part mediated by local cytokines. In this way, interleukin-
1 B8 was demonstrated to induce a wide range of effects in
cultured synovial cells, including the production of colla-
genase, prostaglandin E, (Jorgensen et al., 1991), gly-
cosaminoglycans (Yaron et al., 1987), cytokines (Bucala et
al., 1991) and adhesion molecules (Lindsley et al., 1993)
as well as DNA synthesis (Desmoulins et al., 1990). All of
these effects require nutrient and energy supply. Taylor et
al. (1988) demonstrated that cytokines were able to in-

crease glycolysis and fructose 2,6-bisphosphate levels in 2. Materials and methods
rheumatoid synovial cells. More recently, we found that
interleukin-18 strongly stimulates glucose uptake by os- 2.1. Sources

teoarthritic and rheumatoid human cultured synovial cells . .
Dulbecco’s modified Eagle’s medium (DMEM), fetal

calf serum, trypsin and phosphate-buffered saline were
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0014-2999 /96 /$15.00 Copyright © 1996 Elsevier Science B.V. All rights reserved.
PII S0014-2999(96)00541-9



194 A. Hernvann et al. / European Journal of Pharmacology 314 (1996) 193-196

(type ia), cycloheximide, cortisol, piroxicam, ibuprofen,
indomethacin-and 2-deoxy-D-glucose were from Sigma (St.
Louis,. MO, USA). Human recombinant interleukin-18
was from Genzyrhe (Boston, MA, USA). 2-Deoxy-D-[1-*H]
glucose (spec. act. 15-25 Ci/mmol) was from Amersham
(Amersham, UK).

2.2. Synovial cell cultures

Human synovial cells were isolated from surgical sam-
ples of synovium obtained during joint surgery from pa-
tients with osteoarthritic joint disease or with rheumatoid
arthritis. All operations were performed when the disease
was active. The superficial layer of synovium was dis-
sected, then enzymatically digested with collagenase and
trypsin as previously described (Desmoulins et al., 1990).
Cells were suspended in DMEM containing 15% fetal calf
serum, penicillin, streptomycin and fungizone and were
plated at 5 X 10° cells in 75-cm? culture flasks. Cells were
cultured until confluence in DMEM with 10% fetal calf
serum, at 37°C, in an atmosphere containing 5% CO,.
Medium was changed every 4 days. When confluence was
attained, the cells were passaged, by using trypsin. 7 X 10*
cells were suspended in 1 ml of DMEM with 10% fetal
calf serum and placed in 2.5-cm? 12-well plates at 37°C
(5% CO,). All experiments were performed on confluent
cultures at first passage.

2.3. Pharmacological effect assessment

The growth medium of the cultures was replaced by
fresh medium containing 2% fetal calf serum. Various
concentrations (10~%, 10~ ¢ and 10~7 mol/1) of the anti-
inflammatory drugs, piroxicam, ibuprofen, indomethacin
and cortisol, were then added for 6 or 24 h. When used,
interleukin-18 1 ng/ml was then added, without changing
the medium, for the last 6 h. At the end of the 6- or 24-h
incubations, uptake assays were performed.

In some experiments, cells were incubated with 1074
mol /1 cycloheximide during the 6- or 24-h incubations.

2.4. 2-Deoxy-D-glucose uptake

2-Deoxy-D-glucose uptake assays were performed as
previously described (Hernvann et al., 1992). Briefly, cul-
tures were washed 3 times with 2 ml of PBS, pH 7.4, and
incubated for 5 min with 1 ml phosphate-buffered saline
(PBS) containing 0.5 mmol/l 2-deoxy-D-glucose (2
wCi/ml). Incubation medium was then removed and the
dishes were rinsed 3 times with ice-cold PBS. The cell
monolayers were dissolved in 1 mol /1 NaOH and radioac-
tivity was counted in a liquid scintillation counter. Total
cell protein was assayed according to Lowry et al. (1951)
with bovine serum albumin as standard. Results are ex-
pressed as 10° cpm /mg protein per 5 min.

2.5. Statistical analysis

Values are given as means + S.E.M. of triplicate mea-
surements. Comparisons were made using Mann-Whitney
U-test. Differences with P values of less than 0.05 were
considered significant.

3. Results

Interleukin-1B-mediated 2-deoxy-D-glucose uptake was
more pronounced in osteoarthritic than in rheumatoid cells,
+182 and +90%, respectively, after a 6-h incubation
(Fig. 1). However, when absolute values were considered,
the increase was similar.

Non-steroidal anti-inflammatory drugs, ibuprofen, indo-
methacin and piroxicam, whatever the concentration or
incubation time with cells, 6 or 24 h, did not modify
significantly interleukin-13-mediated 2-deoxy-D-glucose
uptake by osteoarthritic or rheumatoid cells (Table 1). In
contrast, both in osteoarthritic and rheumatoid cells, a
dose-effect was observed with cortisol. At 10™¢ mol /1,
and with a 24-h incubation, cortisol significantly reduced
stimulated glucose uptake by 20.6 and 20.2% in os-
teoarthritic and rheumatoid cells, respectively. With 10~°

Table 1 ) .

Effects of anti-inflammatory drugs on interleukin-18-mediated glucose uptake by osteoarthritic (OA, n = 3) and rheumatoid (RA, n = 3) human cultured

synovial cells ‘ ‘

T ~ 6h 24h
" 1077 moly/1 10~° mol /1 10~ mol /1 10~ 7 mol/1 10~ mol/1 10~ mol/1

OA cells Indomethacin +9.7+28 +137+35 +141+£19 +40+21 +100+ 1.2 +60+15
Piroxicam -3.0+06 —-40+6.1 —27+79 +9.7+64: —-93+22 —03+63
Ibuprofen —-70x55 —1131£62 -73+77 -73+456 ~50+35 -67x56
Cortisol -12.74+£39 —-248+41° —283+5.1°% -33zt14 —-206+43°% -270x41°%

RA cells Indomethacin —-133+11.7 +73+£58 +7.0+65 +03x1.7 +2.0+3.6 +93+07
Piroxicam -97+12 +704+£ 1.7 —-33+£32 -10.7+£09 +3.0+£38 +87+23
Ibuprofen —43+42 +33+£32 -63+£12 —-20+43 +83+£32 -93+09
‘Cortisol -91+138 -396+73° -70+24 —-202+£48° —40.6 +57*

—2424357%

Values represent the percentage of variation of interleukin-1 8-mediated glucose uptake (mean + S.E.M.). * P < 0.05 vs. untreated cells.
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Fig. 1. Effect of interleukin-13 (1 ng/ml, 6 h) on 2-deoxy-p-glucose
uptake by osteoarthritic (OA, n = 3) and rheumatoid (RA, n = 3) human
cultured synovial cells (mean+S.EM.). © P <0.05 vs. basal values.
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Fig. 2. Effect of cortisol (107> mol /1), after a 6- or 24-h incubation, on
basal and interleukin- 1 B-mediated 2-deoxy-D-glucose uptake by os-
teoarthritic (OA, n=3) and rheumatoid (RA, n=3) human cultured
synovial cells (mean+ S.EM.).

mol /1 cortisol, the effect was more marked, —27 and
—40.6%, respectively. The anti-interleukin-1 effect ap-
peared similar when cytokine and cortisol were added for a
6-h incubation. No effect was observed at a concentration
1077 mol /1. The action of cortisol appeared to be protein
synthesis dependent, since cycloheximide inhibited 92%
(osteoarthritic cells) or 89% (rheumatoid cells) of the
effect of this hormone.

The effect of cortisol at 1073 mol /1 was studied, to
distinguish its effects on basal glucose uptake and specific
interleukin-1 3-mediated glucose uptake. Results in Fig. 2
show that cortisol similarly affected basal and interleukin-
1 B-mediated glucose uptake. Rheumatoid synovial cells
appeared significantly more sensitive to cortisol than os-
teoarthritic cells.

4. Discussion

The destruction of articular joints in rheumatic diseases
is related to an imbalance of cartilage breakdown and
regeneration, due to a destructive action of cytokines via
the production of degrading enzymes (Kirkham, 1991).
Thus, the regulation of interleukin-183 remains a primary
target for the treatment or rheumatic diseases (Sipe et al.,
1994). In a previous study (Hernvann et al., 1992), we
demonstrated that rheumatoid synovial cells, which pro-
duce a large quantity of interleukin-13, were able to
transport more glucose than osteoarthritic cells could. This
could be related to a more intensive contact with inter-
leukin-18. Moreover, the cytokine appeared to stimulate
glucose uptake by both cells: stimulation was higher in
rheumatoid synoviocytes, but when absolute values (in
cpm/mg protein per 5 min) were considered, the increase
was similar to that in osteoarthritic cells. As interleukin-18
induces a wide range of effects that require nutrient and
energy supply, actions on interleukin-1-mediated glucose
uptake would be a reliable approach for the study of
anti-rheumatic drugs.

Whereas non-steroid anti-inflammatory drugs possess a
variable influence on some interleukin-1 B-related effects,
such as prostaglandin E, or collagenase synthesis (Arend
and Dayer, 1990), they appeared to be inefficient on
interleukin-1 B-mediated glucose uptake in our model, al-
though they decreased prostaglandin E, synthesis (to about
40%). The study of the action of non-steroid anti-in-
flammatory drugs on interleukin-18-mediated 2-deoxy-D-
glucose uptake is not appropriate for drugs which act
predominantly on cyclooxygenase pathways. Pelletier et al.
(1993) have shown that non-steroid anti-inflammatory
drugs are able to reduce the interleukin-1 receptor level in
articular chondrocytes. A similar action on synoviocytes
would be insufficient to inhibit stimulated glucose uptake,
since a number of interleukin-18 receptors would remain
to have a stimulating effect.

In contrast, cortisol decreased glucose uptake by syn-
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oviocytes by acting on basal and interleukin-18-mediated
glucose uptake. This effect was more pronounced in
rheumatoid synovial cells. There are different possible
mechanisms of action of this hormone. As for the non-
steroid anti-inflammatory drugs, the hypothesis of an inhi-
bition of prostaglandin production (Bailey, 1991) should
be rejected since, under our experimental conditions, corti-
sol reduced slightly the production of prostaglandin E,
(data not shown). Moreover, in a previous work, we
demonstrated that exogenous prostaglandin E, was ineffec-
tive on 2-deoxy-D-glucose uptake (Hernvann et al., 1992).
A 6-h incubation with cortisol appeared sufficient to in-
hibit the effect of interleukin-18 on 2-deoxy-D-glucose
uptake. Cortisol could act by modifying the intracellular
movement of the glucose carrier, decreasing the number of
carriers in plasma membranes and increasing the number
in the intracellular pool, as shown in a near cellular model
(Horner et al., 1987).

In conclusion, cortisol, at pharmacological concentra-
tions, has an inhibitory effect on basal and interleukin-1 8-
mediated 2-deoxy-D-glucose uptake by human cultured
synoviocytes, whereas non-steroid anti-inflammatory drugs
were without any effect. This model is useful to study the
action of drugs, which could be used in the treatment of
rheumatic diseases since, during inflammation, synovio-
cytes present an active metabolism. The study of glucose
uptake, in vitro, by human synovial cells from os-
teoarthrosic or rheumatoid arthritic patients could be pro-
posed as a new and complementary approach to study the
anti-interleukin-1 activity of drugs usable in the treatment
of osteoarthritis or rheumatoid arthritis.
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