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We have investigated the mechanism of inhibition of cartilage 
proteoglycan by interleukin 1. Proteoglycan synthesis was inhibited using 
lower doses of interleukin 1 than those required to cause cartilage 
resorption,. There was no significant effect on DNA or total protein 
synthesis. Gel electrophoresis showed a direct inhibitory effect on core 
protein synthesis while pulse-chase experiments using radiolabelled sulphate 
showed no alteration in the rate of intracellular transport and secretion of 
completed proteoglycan. Chondrocytes incubated with cycloheximide showed a 
first-order decrease in rate of uptake of radiolabelled sulphate (tr/z = 
25 mins) but interleukin 1 induced inhibition showed a delay of at least 1 hr, 
consistent with a requirement to deplete intracellular pools of protein before 
effects on post-translational events could be observed. Foetaland neonatal 
cartilage :responded to the cytokine in a similar way to adult cartilage. 
0 1988 Academic Press, Inc. 

There is now substantial evidence to suggest that the macrophage-derived 

cytokine, interleukin 1 (ILl) is an important regulator of cartilage matrix 

metabolism. Many of these observations have been made in cell and tissue 

culture systems but ILl-like activity has also been detected in human joint 

effusions (1) and has been shown to induce leucocyte infiltration and 

degradation after injection into rabbit synovial joints (2). This suggests a 

possible physiological or pathological role for this mediator in human joint 

diseases. It is apparent that chondrocytes themselves express the genes 

encoding IL1 (3) and bear specific IL1 receptors on their surface (4). 

IL1 and macrophage-derived ILl-like factors have been shown to modulate 

cell activity in articular joints in a number of ways. These include 

stimulation of collagenase and stromelysin production (5) and induction of 

transcription from the stromelysin prcmoter (6). IL1 also stimulates 

prostaglandin Ez production (7) and plasminogen activator production by 

synovial cells (8,9), causes an increased proteoglycan (PC) release from 

cartilage explants (10,11,12) and decreased production of [35S]-sulphate 

*&ions used in this paper: ILl, interleukin 1, fcs, foetal calf 
serum, SDS, sodium dodecyl sulphate, GuCHl, guanindium chloride, 
PC, proteoglycan, GAG, glycosaminoglycan, SDS-PACE, SDS-polyacrylamide gel 
electrophoresis. 
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labefled molecules (13). In cartilage, the majority of irxorporated [ 1 % J- 

sulphate is found in the large aggregating PG (14). These are high molecular 

weight glycoproteins (15) which form large aggregates by binding to hyaluronic 

acid (16). The intracellular assembly and subsequent secretion of these 

molecules is a c~omples multi-stage process. The lX core protein is 

synthesised in the rough endoplasmic reticulum (17) where it is maintained as 

an unglycosylated pal (18,191. A series of transferase enzymes catalyse the 

c-l cx~ga ~,ion and sulphat-i on of' the glycosaminoglycan (Gil(;) chains ( 20 ) in the 

GoLgi apparatus and the completed mo1ecul.e is rapidly secreted. This 

:~:;ntbd,ic :bnd secret.ory pat.hway may t,hercf'ore be requlateti at a number of 

different stages. The aim of the current study- was to determine the 

mct.harl.isms by which 11.1 dccrc~ases the produc:t.ion of car tilagc 1%) and to 

determine whether foetal and neonatal cartilage responds in the same way as 

Synthesis of GAG in the presence of cyclotlesimide was determined tq 
ijic.:lba t.ing ~hondrcrc:)-tes \ui !-h 0. 511q/rnl cyclohe:;imide fog. various times (O-240 

mins) before receix,ing a pulse of 20b1Ci/ml [ 35s ]-sulphate. Pulse medium was 
:cmovec: ( ctxt I lagers washed in PBS and ihased in lmt med-ium for a 11lr~ther 60 
mln:: . Experimental plates contained cpclohesimide throughout the pulse and 
< tmst: , ~C1.i G&i. The incubations were terminated by addition uf' an equal \-olume 
,,f' E?! l;ulKL, 0.1M sodium acetate pH 5.8 and agitated for 1 hr at 4 C to 
cs uact GAG from a combined cell arid flied i urn Eract.ion. 

Gel. clcctrophoresis was performed on a continuous system using 1% SDS- 
i:oiyac.rylamide gels. Snnlples \*ert loadcad in buf fcr containing SDS and 8M Urea 
t.0 present aggreqation of IX (21). Gels were processed for fluorography, dried 
and cxposcd to prc>flashed S-rag fi lm at -80' (221. 

FUZSULTS AIQ DISCZ'SSION 

Pl.evious experiments dr:monst.ral,ed tl-lat nat.ural porc’ine IL1 caused a 

reversible,dose-dependent inhibition of FG synthesis in explants of cultured 
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Figure 1. Chondrocytes were cultured for 48 hr and then for a further 24 hr in 
the presence and absence of ILl. Incorporation of r3H]-thymidine into DNA 
synthesis (O), [35S]-methionine into total protein (A) and [35S]-sulphate 
into GAG (0) was assessed and expressed as the percentage of control values. 

In or#df:r to examine TV.- ., core pr;,t,t;in synthesis dire~tl> , cart ila<cs 

explants were cultur~I foL, 3 days, then for a furthel 2-l hr wi th or ui.l.hout 

:SpM human rctrombiiliutt. It.1 , ati a~~~n-0~ imal 1> ha.1 t' ma.* im;r! dose. 30~1l.Yi /mt 

[35S]-methionine was added to in the> medium for the final. 6 hr. Labelled K; 

were separaLed from other components of a GltHC.1 est1xc~1. i>v e ICC Lrophorcs i s in 

4% SDS-P.kGE gels before and after digestion with chondroitinase ABC. An equal 

Ilumber of TCA precipitable cour1l.s were loaded inta each la~lc: of the g(>I. 

Electrophoresis of crude cartilage extracts (Fig.21 showed that a proportion 

of the radiolabelled material was unable to enter the gel. .Ift,er digestion 

with chonclroitinase ABC this material entered the gel and migrated as a single 

band (Fig.4) which co-migrated with purified [ 12511-labelled box-ine nasal 

cartilage PG. Densitometer traces showed that. human recombinant IL1 ($94 for 

24 hr) caused a 46.5% reduction in the amount of 1 35S]-mn~~thiorlirle-labelled 

core protein, comparable with inhibition of sulphate incorporation into GAG. 

It was previously established that IL1 reversibly inhibited PG synthesis 

without altering the average hydrodynamic size of the molecules synthesised or 
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Figure 2. Adult pig cartilage cultured in the presence and absence of IL1 was 
labelled with [35Sl-methionine and extracted in 4M GuHCl. An equal number of 
counts from each preparation was either subject to chondroitinase ABC (c'ABCf 
digestion or run directly on 4% SDS/PAGE gels. (a) CF indicates the position 
of c'AEK treated [12511-labelled PG. (b) represents densitometer traces of 
c'Al3C digests of control and ILl-treated cartilage. 

impairing the mechanism of GAG elongation and sulphation (13). Here, pulse- 

chase experiments were performed to determine the rate of intracellular 

transport and secretion of FG in the presence and absence of IL1. There was no 

significant increase in the total amount of [35S]-labelled GAG during the 

chase, indicating that removal of free [ 35S]-sulphate was efficient (Fig.3a). 

Treatment with 4M GuHCl for 15 min without agitation efficiently separated 

intracellular from pericellular pools. The rate of secretion of [35S]-labelled 

PG was rapid in both control and ILl-treated cultures. Over 70% of the 

labelled macromolecules were extractable from intracellular stores after 15 

min and by 60 min, 35% were secreted into the medium (Fig.3b). No significant 

change in the rate of extraction and secretion was seen in the presence of IL1 

(Fig.3c). 

The continued production of FG in the presence of protein synthesis 

inhibitors reflects the existence of one or more intracellular pools of 

precursor FG core protein (18,19). Fig.4a shows decay of [35S]-sulphate 

incorporation into GAG in primary pig cultures in the presence of 

cycloheximide. A ti/i! of 26 min was calculated from a semi-log plot of the 

da& (see insert, Fig.4a). The time course of inhibition of GAG synthesis in 

the presence of IL1 was determined (Fig. 4b). No significant inhibition of 

[35S]-sulphate incorporation was seen before 3 hr of culture using a half 

maximal dose of ILl. Even very high doses of IL1 (up to 5OOpM) had no 

inhibitory effect before lhr of culture. The delay in inhibition by IL1 may 

be assumed to be, at least in part, due to the time taken to deplete the 

intracellular supply of core protein demonstrated by the cycloheximide 

experiment. 
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Figure: 3. Cbondrocytes were cultured in the presence or absence of IL1 for 24 
hr followed by a pulse-chase experiment as described in the methods a) total 
GAG synthesis in control cultures (0) and IL1 (5pM) treated cultures (0). 
Percentage of labelled GAG in the papain digest (O)), GuHCl extract (a), and 
medium (0) in b) and c) ILl-treated cultures. 

As well as the effects on adult cartilage, IL1 also inhibited GAG 

synthesis in cartilage obtained from foetal and neonatal pigs (Table 1). 

Foetal material was obtained from 110 day old foetuses (gestation period = 115 

days). Neonatal material was either obtained at birth or from 6 day old 

animals. Labelled GAG extracted from explant cultures of neonatal pig 

cartilage were analysed by elution from columns of Sepharose CL2b under 

associative conditions (Fig. 5). IL1 did not alter either the average 

molecule size of the molecules synthesised or their ability to aggregate to 

hyaluronic acid as was previously found in adult cartilage (13). These 

observatians add a new dimension to the interaction of IL1 in cartilage 
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(a) Chondrocytes were cultured with cycloheximide followed by a 
e experiment as described in the methods. Results represent the mean 

2 S.E. of 3 separate determinations. 'Ihe tl/z value was obtained from a semi- 
logarithmic plot of the data ae shown in the insert. 
(b) Chondrocytes were cultured with IL1 for increasing 1engtb.e of time, as 
shown and then received a 15 min pulse of [3%1-sulphate. q cell layer, 

El medium. 

metabolism, adding a possible role for this cytokine in development and 

differentiation of a normal cartilage matrix. 

When adult cartilage is maintained in explant cultures, IL1 not 0111~ 

decreases the synthesis of GAG but also increases the rate of release of FG 

components into the medium (10,11,12). Table 1 cornyares the dose of IL1 

required to release GAG into the medium with that which will decrease the 

synthesis of GAG, in adult, neonatal, and foetal cartilage. These data show 

that, in all age groups of cartilage tested, IL1 inhibits GAG synthesis at 

lower doses than required to release matrix GAG into the medium. At IL1 
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Figure 5. FG extracted from control and ILl-treated neonatal cartilage were 
eluted from a column of Sepbarose CL-PB under associative conditions after 
mixing with hyaluronate. 
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Glycosaminoglycan (uR) [35S]-nlycosaminodlycan 

Released Cartilage w dE% % 
inmedium extract x 10-a control 

&lt Cartilaae 
Control 74 
5pM IL1 69 
5opM IL1 245 
5oopM IL1 314 
6daa 
Control 79 
5pM IL1 88 
5opM IL1 125 
m Day Foetal Cart 
Control 79 
5pMl IL1 101 
5&M IL1 134 

11.2%) 
10.5%) 
35.1%) 
48.8%) 
& 
18.3%) 
19.5%) 
31.6%) 
M 
17.4%) 
21.3xj 
32.5%) 

585 (88.8%) 
654 (89.5%) 
452 (64.9%) 
329 (51.2%) 

351 (81.7%) 
271 (80.5%) 
271 (68.4%) 

658 84.5 100% 
723 53.4 63.1% 
697 27.9 33.0% 
643 10.4 12.3% 

430 115.3 100% 
452 79.2 68.7% 
396 43.8 38.0% 

375 (82.6%) 454 127.4 
371 (78.7%) 472 78.3 
278 (67.5%) 412 52.1 

100% 
61.4% 
40.9% 
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