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IL-1 B Protects Human Chondrocytes from CD95-Induced
Apoptosis"

Klaus Kiihn, Sanshiro Hashimoto, and Martin Lotz?

This study addresses the effects of IL-8 on apoptosis induced by agonistic anti-CD95 (Fas) Ab. IL-@ inhibited anti-CD95
Ab-induced apoptosis in all preparations of normal human articular chondrocytes tested. Inhibitors of nitric oxide synthase or
cyclooxygenase did not influence the protective effect of ILf3, indicating that nitric oxide and PGs were not involved in the
modulation of CD95-induced apoptosis. However, when the IL-®-dependent induction of NF«B was inhibited, the antiapoptotic
effect of IL-18 was partially reversed, suggesting that NF«B-mediated gene activation is part of the protective mechanism. In
addition, IL-1 B significantly increased the expression of Bcl-2. The protein tyrosine kinase inhibitor herbimycin A completely
eliminated the protective effect of IL-18 on CD95-induced apoptosis. These findings suggest that ILBImodulates the CD95 death
cascade in chondrocytes by mechanisms that involve tyrosine phosphorylation events and MB-dependent gene activation. The
Journal of Immunology, 2000, 164: 2233-2239.

artilage degradation occurs in inflammatory arthropa-intracellular apoptotic signaling cascades are regulated by

thies, such as rheumatoid arthritis and osteoarthritiscytokines.

(OA), the major age-associated joint disease. Chondro- This study addresses the effects of cytokines, in particular IL-
cyte death and the reduction of tissue cellularity may represent ahB8, on CD95-dependent chondrocyte apoptosis. We show that
important component in the pathogenesis of cartilage destructionhondrocyte apoptosis induced by agonistic Ab to CD95 is inhib-
(1). Apoptotic death of chondrocytes has been described in endated by IL-18. We also demonstrate that the effects offlare not
chondral ossification (2, 3) and in human (4, 5) as well as expermediated by nitric oxide or PGs. Our results suggest that tyrosine
imentally induced OA in rabbits (6). In both types of OA, in- kinase-controlled signal transduction pathways as well as<BIF-
creased chondrocyte apoptosis was correlated with the severity @fctivation are major mediators of the antiapoptotic actions of
cartilage damage. However, the physiologic mechanisms that redL-13 in chondrocytes.
ulate chondrocyte apoptosis have been poorly characterized. We
have recently shown that human chondrocytes express the dealaterials and Methods
receptor CD95 (Fas/APO-1) on the cell surface and that primarfReagents
cultur_es_ of chondrocytes can be Indgced to undergo apoptosis quEM, penicillin/streptomycin,L-glutamine, PBS, and FBS were pur-
agonistic anti-CD95 Ab (7). In addition, we have demonstratedchased from Life Technologies (Gaithersburg, MD). All other chemicals
that the expression and activity of the CD95/CD95L death receptowere purchased from Sigma (St. Louis, MO) unless stated otherwise. Ag-
system in cultured chondrocytes are profoundly influenced by celpnistic Ab directed against CD95 (clone CH-11) was purchased from Ka-

. . . iya Biomedical (Seattle, WA). Abs to inducible NO synthase (iNOS) and
density (8). Chondrocyte apoptosis can also be induced by N(g;spase-S were obtained from Transduction Laboratories (Lexington, KY).

donors (9). However, endogenous NO, which is produced as &onoclonal anti-Bcl-2 Ab was obtained from Santa Cruz Biotechnology
consequence of ILA stimulation, does not induce apoptosis in (Santa Cruz, CA). Recombinant human IB-Bnd recombinant human
chondrocytes. IL-B does induce apoptosis in these cells when TNF-a were purchased from Intergen (Purchase, NY) and PeproTech

- P : : Rocky Hill, NY), respectively. Recombinant human T@Rwas obtained
used in combination with oxygen radical scavengers (9). Othe#rom Austral Biologicals (San Ramon, CA). Indomethacin and PGE&re

cytokines, such as TNE-or TGF, which have_ proapoptotic ef_- _obtained from Cayman Chemical (Ann Arbor, MI). Pyrrolidine dithiocar-
fects in other cell systems (10-13), do not induce apoptosis iamate (PDTC)N-monomethyl--arginine (-NMA), and 6-aminoguani-
chondrocytes (14). It is possible that the initial events that predisdine were purchased from Alexis (San Diego, CA). Herbimycin A and
pose articular chondrocytes to apoptosis as well as the activity gflaurosporine were obtained from Calbiochem (San Diego, CA).

Cell culture
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Human chondrocytes were obtained from macroscopically normal knee

o N ] ~articular cartilage of donors without a recorded history of joint disease and
%‘1"'5'80”,“ Arg‘”“s Rehsfarc,h' Delg_)ar\t]mlfzntggl\/gélggl;lar and Experimental Medicine, yere cultured as described previously (9). The chondrocytes used in the

e Scripps Research Institute, La Jolla, experiments reported here were treated as follows. After initial isolation the
Received for publication June 4, 1999. Accepted for publication December 6, 1999¢cells were kept in DMEM (high glucose) supplemented with 10% FBS,
The costs of publication of this article were defrayed in part by the payment of page--dlutamine, and antibiotics and allowed to attach to the surface of the
charges. This article must therefore be hereby maedcbrtisemenin accordance  culture flasks. After the cells had grown to_conﬂuence_they were s_pllt once
with 18 U.S.C. Section 1734 solely to indicate this fact. (passage 1) and grown to confluence again. For use in the experiments the
1 This work was supported by National Institutes of Health Grants AR42438 andce”S were then trypsinized, washed once, and plated at conﬂyencﬁ at3
AGO7996. PP Y 10P cells/100-mm plate, 1.5-2 10° cells/60-mm dish (Becton Dickinson,

5 ) o __Franklin Lakes, NJ), 6—& 1(° cells/six-well plate (Costar, Cambridge,
Address correspondence and reprint requests to Dr. M. Lotz, Division of Arthritis MA), or at 2 X 10° cells/12-well plate (Costar)

Research, Department of Molecular and Experimental Medicine, The Scripps Re-
search Institute, 3545 Cray Court, La Jolla, CA 92037. E-mail address:Quantification of nitrites
mlotz@scripps.edu

3 Abbreviations used in this paper: OA, osteoarthritis; iNOS, inducible NO synthase;Chondrocytes were plated at 40,000 cells/well in 96-well plates in the
PDTC, pyrrolidine dithiocarbamate:NMA, N-monomethyk-arginine. presence of 10% FBS. After 48 h the medium was changed, and the cells

Copyright © 2000 by The American Association of Immunologists 0022-1767/00/$02.00
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were stimulated as described Results. NO production was detected as for the hybridization was prepared as follows: a 236-bp fragment from the
NO, accumulation in the culture supernatants by the Griess reaction asoding region of iINOS was obtained IRT-PCR using RNA from IL-B-

described previously (14). stimulated chondrocytes. The primer sequences were: forward prifrer, 5
TTCAATGGCTGGTACATGGGCAC-3 and reverse primer,85GAGG
Measurement of cell death GACCAGCCAAATCCAGTC-3. The PCR fragment was gel purified and

Fragmented nucleosomal DNA was measured using the Cell Death ELISAP€!€d using the random hexamer priming kit from Roche. Unincorporated
Plus kit from Roche (Indianapolis, IN) according to the manufacturer’s g%legﬁgi‘:‘]:'if raecrtn(:;ﬁ?]g%?c?b??/vgg %Lrta;?r:fggrgésst?r:?n?;%% fgﬂnltji%go’
z:ggigl'5%12gg?z3fltt§rsz\ée;etﬁéa§g(;3mlLvlf;; thiﬁ'gVZZ{I g:ﬁiﬁénct:&%?rgefore addition to the hybridization solution the probe was boiled for 5 min.
stimulated with CH-11 (0.75-1.@g/ml) or mouse IgM (Harlan, Indianap- ~ ;

olis, IN) at 0.75-1ug/ml as an isotype control, staurosporine M), RT-PCR analysis

herbimycin A (1uM), IL-18 (5 ng/ml), TGF# (10 ng/ml), or TNFe (25 Total RNA was isolated from IL-@-stimulated chondrocytes and reverse
ng/ml). The iNOS inhibitors-NMA and 6-aminoguanidine were used at 5 transcribed using the Superscript Preamplification System (Life Technol-
mM. Indomethacin, a specific inhibitor of the cyclooxygenase activity of ogies, Gaithersburg, MD) with random hexamers. One microliter of the RT
PGH synthase-1 and -2, was used adb (2 X I1C5g), and PGEwas used  reactions was subjected to PCR analysis with primers specific for Bcl-2 and
at 20 ng/ml. In experiments involving the inhibition of N&B activity GAPDH. The sequences of the primers were chosen as follows: Bcl-2
chondrocytes were incubated for 3 h with 0.1 mM PDTC before the ad-forward primer, 5'-TGCCACCTGTGGTCCACCTGGCCCT-3’; Bcl-2 re-
dition of other stimulating agents. All compounds were used at concentraverse primer, 5'-AACAGAGGCCGCATGCTGGGGCCGT-3’; GAPDH
tions previously reported by us and others to be effective in chondrocytesorward primer, 5'-TGGTATCGTGGAAGGACTCATG-3’; and GAPDH
After the indicated periods of time in all cases the medium that containedeverse primer, 5'-ATGCCAGTGAGCTTCCCGTTC-3'. The PCR condi-
floating cells was harvested, and the cells on the plate were trypsinizedons for Bcl-2 amplification were 2 min at 95°C, 35 cycles of 30 s at 94°C,
briefly. Floating and trypsinized cells were combined and spun down. The30 s at 62°C, and 40 s at 72°C. The conditions for GAPDH amplification
pellet, representing the total cell population in the well, was resuspended ivere 2 min at 95°C, 25 cycles of 30 s at 94°C, 30 s at 60°C, and 30 s at

Chondrocytes were plated subconfluent and confluent in chamber S"deﬁ(esults
(Nunc, Naperville, IL) in the presence of 5% FBS. After 48 h the medium . . .
was changed, and the cells were stimulated with mouse IgM or CH-11 athfluence of IL-B on the induction of chondrocyte apoptosis

1 pg/ml for 14 h. The cells were then fixed with fresh 4% paraformalde- B ot
hyde for 15 min at 4°C and permeabilized by treatment with 0.5% TweenWhen IL-15 was added to adherent first-passage chondrocytes, we

20 in PBS for 15 min at room temperature. Following permeabilization, thec’bservf':'d morpholo_gical changes, ir_chL_lding retraction Qf plas-
cells were incubated in 100! of TdT labeling solution (MEBSTAIN Ap- ~ mopodia and rounding as well as shrinking of the cells (F#j), 1
optosis Kit; Medical & Biological Laboratories, Watertown, MA) and in- which were reminiscent of the changes described for proapoptotic :

2 ml of DMEM supplemented with glutamine and antibiotics. The cells 72°C. The PCR products were separated on 1.5% agarose gels. g
were counted, and viability was assessed by trypan blue dye exclusion. For s
each sample X 10 cells were spun down in an Eppendorf tube, lysed in Statistical analysis %
0.2 ml of lysis buffer, and transferred to a microtiter plate. The nuclei were e ) 8
spun down at 30X g for 10 min, and 2Qul of the supernatants were used The r_esults of the cell death ELISAs were statistically eya}luated using @
in the cell death ELISA. StatView software (Abacus Concepts, Berkeley, CA). Individual experi- =
ments were repeated at least three times. Paired Studest was em- o

TUNEL assay ployed to determine significance levels between datasets. g
©

[ounwiwi i [
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%gat:eg ffgrolsh Z‘/ rf’]rp% Q&irrn“’gzri‘éggstgﬁtfﬂ'sfoﬁ’ifr%?#gtterrs;?%”fedmwmhtlmuh such as the protein kinase inhibitor staurosporine (15) or g
W S W - ; ; ; -
perature and examined by fluorescence microscopy. the NO donor sodium nitroprusside. To test whether the morpho- &

_ logical changes in these cells were associated with apoptotic deathsg
Western blot analysis we incubated confluent monolayer cultures for 14 h with 5 ng/ml
Whole cell extracts were prepared from310° chondrocytes stimulated  L-1B and analyzed the cells by TUNEL. As shown in Fig the
as described ifResultsby lysing the cells on the plate with ice-cold lysis IL-1B-stimulated chondrocytes showed the same low level of =
buffer (10 mM Tris (pH 7.6), 158 mM NaCl, 1 mM EDTA, 0.1% SDS, 1% background apoptosis as the nonstimulated control cells. Neither §

uo

Triton X-100, leupeptin, aprotinin (&g/ml each), and LM PMSF, which ~_the spread and adherent cells nor the cells that had adopted &=,
was added immediately before use). The lysates were transferred to Ep- ded sh totic. indicating that th . d =
pendorf tubes and centrifuged at 14,000 rpm for 30 min at 4°C. The sufounde s.ape Were apoptotic, in 'C‘T’l ing _a : e firiduce ~
pernatants were transferred into fresh tubes, and the protein concentratishOrphologic changes were not associated with increased levels of G

N

was determined by Bradford assay. Similar amounts of protein were sepapoptosis. To exclude the possibility of general effects on viability
arated by 10 or 14% SDS-PAGE and transferred to nitrocellulose filtersye measured mitochondrial activity in ILBistimulated cells by

(Schleicher & Schuell, Keene, NH) by electroblotting. The filters were 5 1, . oD B . . :
blocked overnight in 2% FBS/Tris-buffered saline solution supplemented3 [4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide as

with 0.1% Tween 20 (TBS-T). The membranes were then rinsed once witt$ay and _nonapc_)ptgtic cell dea_‘th by erythrosine B e.x.clusion. The
TBS-T and incubated with Ab against iNOS, caspase-3, or Bcl-2 for 2 hresults did not indicate any differences in cell viability between

The membranes were washed three times with TBS-T and then furthefiormal controls and IL-@-stimulated cultures. In addition, intra-

incubated with HRP-conjugated secondary Ab for 1 h. Afterward the meM-g|lular ATP levels did not change in response to f.<timula-

branes were washed three times with TBS-T and developed using the en- .
hanced chemiluminescence system (Amersham, Arlington Heights, 1L). 10N (data not shown). These results suggest thaidlstimulation

) of chondrocytes did not lead to ATP depletion, changes in mito-
Northern blot analysis chondrial activity, and necrosis under our culture conditions.
Total RNA was isolated from 2< 10° chondrocytes/sample using the ~ Because IL-B did not induce apoptosis in monolayer cultures
STAT-60 reagent (Tel-Test, Friendswood, TX). The RNA for each sampleof chondrocytes, we asked whether apoptosis induced by known

was quantified photometrically, and /&g were separated on 1.2% aga- death stimuli was influenced by IL&land other cytokines. We had

rose/6% formaldehyde gels. After electrophoresis the gels were photos .., ;
graphed, and the RNA was transferred onto Hybond-N nylon membrangﬁ:ewous'y shown that a subpopulation of chondracytes expressed

(Amersham) by capillary blotting. The membranes were air-dried, and€ death receptor .CD95 and that agonistic anti-CD95 Ap (CH-11)
baked for 2 h at 80°C. Prehybridization was performed for 2 h at 60°C ininduced apoptosis in these cells (7). It was therefore of interest to
5% SSC, 1 mM EDTA, 0.2% SDS, and 5Renhardt’s solution. Radio-  investigate the possible influence of cytokines on chondrocyte
labeled probe was added, and hybridization was conducted overnight %{poptosis induced by anti-CD95 Ab. Measurement of fragmented

60°C. After hybridization, the filters were rinsed twice ix 25SC/0.1% .
SDS and wasyhed once in 2SSC/0.1% SDS at 60°C and once in 0x2 nucleosomal DNA by cell death ELISA showed that IB-did not

SSC/0.1% SDS at 60°C. The membranes were covered with Saran wrdpduce apoptosis after 14 h of stimulation (Figy)2confirming the
and exposed with intensifying screen for 12 h-a20°C. The probe used previous observation. In addition, no DNA fragmentation was
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FIGURE 1. A, Unstimulated and IL-stimulated (14 h) confluent chondrocytes. Cells with rounded shape and smaller size are present only in tl
IL-1B-stimulated cultureB, Chondrocytes were analyzed for DNA strandbreaks by TUNEL and were counterstained with propidium iodide. Similarly, lo
numbers of apoptotic cells (indicated by arrows) were found in both control ang-stifnulated cultures.

" MR

detected after prolonged periods (>24 h) of incubation (not~3-fold, indicating that in the absence of protein kinase-dependent
shown). IL-1B strongly inhibited (average inhibition»80%) ap-  phosphorylation events the effects of exogenous flLwiere pro-
optosis induced by agonistic anti-CD95 Ab (FigA)2in all the  rather than antiapoptotic.

chondrocyte preparations from nine different cartilage donors. The

extent of this inhibition was similar to that observed with the caspase

inhibitor z-VAD.fmk (benzyloxycarbonyl-Val-Ala-Asp-fluoromethyl-  Role of NO in IL-B-induced antiapoptosis

ketone) (data not shown). R ~ RT-PCR as well as FACS analyses showed that gLelld not
~ Many of the IL-18 effects, such as the inhibition of proliferation j,quence the expression of CD95 in our cell system (data not
in early passage chondrocytes (14) or |g-dependent cartilage  ghown). This excluded the possibility that CD95 modulation was

dﬁstrgction, a_lr_t(a; andt%goni;e: by T@Fdn %or:flu_entl n;onolayer responsible for the antiapoptotic effect. Many IB-Effects on
chon ro%ytﬁ ItB tl dno:]m duce any ][norp OIP%EZ; . a:?ges d(not chondrocyte functions are mediated by NO (16, 17). Depending on |
Htosis, although ths efect was lees pronounced than he proteci]c | UPe: Pro- a5 Wel as antiapoploti acions have been de-
induced by ILB. In contrast, the efiects of TN which induces scribed for NO (18, 19). We investigated whether inhibition of

similar morphological changes in first passag@ndrocytes as IL- CD95-dependent apoptosis by I3 was mediated by NO. First-

18, varied considerably and appeared to be donor dependen&assage chondrocytes were stimulated with Llet/and CH-11 in

TNF-a on its own did not increase apoptosis in any of seven in-t e presence or the absence of 5 mMIMA for 14 h. Western

dependent experiments, but some donors (two of five) showed ir,plot analysis showec_l that ILELstimulated the ex_pression_ of INOS
hibition of CD95-dependent apoptosis, which was of similar mag-In chondrocytes, while CH-11 arNMA alone did not (Fig. 3A).

nitude as that produced ILBL The remaining donors showed weak COStimulation of chondrocytes with ILgland CH-11 did not sig-
or no TNF inhibition of CH-11-induced apoptosis. Overall, the nificantly change iNOS expression, nor did costimulation with IL-

effects of TNFe on CD95-dependent cell death were not statisti- 13 €H-11, and-NMA. NO synthesis was induced by ILg] but

cally significant. not by CH-11. Induction of NO by IL-g was completely abro-
The inhibitory effects of IL-B on CD95-dependent cell death 9ated when chondrocytes were costimulated wHNMA (Fig.

may either be stimulus specific or indicate a general protectiv@B)- These stimulus combinations were then used to investigate the

function of this cytokine in chondrocytes regardless of the apo-£ffects of iNOS inhibition on CD95-dependent apoptosis. As

ptotic stimulus. The protein kinase inhibitor staurosporine cause§hown previously, IL-B did not induce apoptosis, nor dieNMA

apoptosis in a wide variety of cell systems, including chondrocyteFig. 3C). CH-11-induced chondrocyte death was not affected

(15). Although the mechanisms by which staurosporine inducegvhen NO synthesis was inhibited byNMA. A slight, but non-

cell death are not known in detail, it is likely to activate different significant (o > 0.3), reduction of the antiapoptotic effect of 1|31

intracellular signal transduction pathways than CD95. Staurosporen CD95-dependent apoptosis was observed when the cells were

ine (1 wM) induced DNA fragmentation after 14 h of stimulation costimulated with CH-11, IL-8, andL-NMA. Similar results were

(Fig. 2B). Surprisingly, IL-B costimulation increased apoptosis observed with another inhibitor of iINOS, 6-aminoguanidine (not
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FIGURE 2. Differential interaction of cytokines and death stimuA, ; 20.] BB CH-11+IL-1p+L-NMA
Effects of various cytokines on CD95-dependent apoptdsiEffect of

IL-1 on staurosporine-induced apoptosis. Chondrocytes were stimulatec 0]

as indicated. After 14 h fragmented DNA was measured by cell deaﬂhGURE 3. NO does not mediate the antiapoptotic IB-Efects. A

ELISA. Background apoptosis was determined by stimulating the culture: ) - .
with IgM and was subtracted from apoptosis obtained with the other Stim?(:hondrocytes were stimulated for 14 h, and INOS expression was deter

uli. Apoptosis induction was calculated as follows {[absorbgpgéstim- mined by Western blot analysisane 1,.-NMA (5 mM); lane 2, IL-18 (5
ulus) — absorbancg, (background))/absorbangg (background)}. Ape ng/mi); lane 3, CH-11 (0.75ug/ml); lane 4, CH-11 and IL-g; lane 5,

ptosis induction for CH-11 and staurosporine was set &, < 0.01 vs CH-11, IL-5, andL-NMA; lane 6, CH-11 and-NMA. B, Chondrocytes
CH-11; %, p < 0.05 vs CH-11. were stimulated as indicated for 24 h, and NO production was measured.

The results represent the average of two independent experirgei@ell
death was measured by ELISA in chondrocytes stimulated as indicated for

shown). These data suggest that, unlike other functions of chor]l-4 h. The differences in the data between CH-11 plusfland CH-11,

. . L-18, plusL.-NMA t significant (p> 0.3). A, p < 0.02 vs CH-11.
drocytes, modulation of the CD95 death pathway by B.i4 not B, plust were not significant (p- 0.3). &, p ve
influenced by the production of endogenous NO.

PGs are also induced by ILBlin chondrocytes and mediate a sitometry of the autoradiograph indicated a-fold induction

T Yo\ uo 1sanb Aq /6o’ jounwiwii:mmm//:dny wo.y papeo jumoq

variety of cellular responses. ILglstimulation inhibits chondro-  compared with that in the unstimulated control. The same samples
cyte proliferation via activation of a NO-dependent BGinthe were used to test the expression of caspase-3. No changes in%J

sis pathway (16). To examine the role of PGs in the antiapoptoticaspase-3 protein expression as a result ofgLstimulation were
effects of IL-18, chondrocytes were stimulated with IL3,1CH-11, observed (Fig. 5B).

and indomethacin, a specific inhibitor of cyclooxygenase-1 and -2. ) o

Stimulation of the cells with CH-11 and indomethacin or with Antiapoptotic effects of IL{ depend on NF<B activation and
CH-11 and PGEdid not significantly affect apoptosis induction by tYrosine phosphorylation

CH-11 (Fig. 4). When chondrocytes were costimulated with CH-|L-18 causes activation of the transcription factor KB-n chon-

11, IL-1B, and indomethacin or PGEno influence on the anti  drocytes (our unpublished observation). Many of the effects of
apoptotic effect of IL-B was observed. These data indicate that|L-1, including antiapoptotic effects in other cell types, are medi-
down-regulation of CD95-dependent apoptosis by B.vias not  ated through the activation of this transcription factor (20, 21). We
mediated by PGs. determined whether NkB activation was required for the anti-

i apoptotic effect of IL-B seen in our cell system. In human mono-
Induction of Bcl-2 by IL-B cytes as well as lung and liver cell lines NB-dependent gene
Expression of the apoptosis inhibitor Bcl-2 can block CD95-de-expression can be effectively inhibited by PDTC (22, 23). To test
pendent cell death in various cell types. We examined whethethe effectiveness of PDTC in chondrocytes, we measured its in-
IL-18 stimulation affected the synthesis of endogenous Bcl-2fluence on NF«B-dependent induction of INOS mRNA expres-
Chondrocytes where treated with I3 Tor the indicated periods sion. When used at 0.1 mM, PDTC effectively inhibited 1B-1
of time, and Bcl-2 mRNA as well as protein expression were meainduced iNOS gene activation (Fig. 6A). The INOS mRNA was
sured. IL-18 increased the expression of Bcl-2 mRNA (Fig. 5A). virtually undetectable after 14 h of costimulation with 1i3-&nd
Induction was first seen after 2 h of incubation, and expressiolPDTC. CH-11 stimulation did not influence the ll3-dependent
peaked after 14 h. Increased Bcl-2 protein expression correlateidduction of INOS mRNA, and in the presence of CH-11 the in-
with the increase in MRNA expression after 14 h (Fig).5Den-  duction of INOS mRNA by IL-B was also blocked by PDTC. We

N
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FIGURE 4. The antiapoptotic effect of IL is not mediated by PGE
Chondrocytes were stimulated as described for 14 h before they were har-

iNOS —»

1.1

2237

B cH-11

vested for DNA fragmentation assay. Apoptosis induction with CH-11 was 09 i-1p
set at 100%. Differences in the values for CH-11, |B-plus PGE and 073 7 ppTC
CH-11, IL-18, plus indomethacin vs CH-11 plus ILBlwere not signifi- “5_5 [ cH-11+1L-1p
cant.A, p < 0.01 vs CH-11. e IL-1+PDTC

then tested the role of NkB activation in IL-13-dependent mod-
ulation of CD95-induced cell death. ILgland PDTC alone or the

03

0.1

fold apoptosis induction

-0.19

-0.34

B8 CH-114IL-1p+PDTC

combination of IL-18 and PDTC did not induce apoptosis. How- o )
ever, when chondrocytes were costimulated with CH-11, -1 FIGURE 6. Influence of NF«B activation.A, Northern blot analysis of

L S . . iINOS mRNA expression. For each samplgd of total RNA were loaded.
and PDTC, a significant inhibition of the antiapoptotic effect of The blot was probed with a radiolabeled RT-PCR fragment specific for

IL-18 W_as observed .(Fig. 6B). COinCUpaﬁon with CH']']_' and INOS (seeMaterials and Methods). Cells were stimulated for 14 h with:
PDTC did not lead to increased apoptosis compared with incubagne 1, 1gm: lane 2, CH-11jane 3, IL-18: lane 4, PDTCjane 5, CH-11

tion with CH-11 alone (not shown). This indicates that NB- plus IL-1B; lane 6, CH-11 plus PDTdane 7, IL-18 plus PDTC;lane 8,

activation is required at least in part for the antiapoptotic effect ofCH-11, IL-18, plus PDTC. The ethidium bromide-stained gel demonstrates

IL-18. equal loading of the sampleB, Chondrocytes were stimulated as indicated
In chondrocytes and other cell types tyrosine phosphorylatiorand harvested for cell death ELISA after 144h.p < 0.05 vs CH-11 plus

events are triggered in response to |B-dtimulation (24—26). We IL-8.

tested whether herbimycin A, a broad specificity inhibitor of ty-

rosine kinases, influenced the effects of IB-@n cell death. At 1
uM, herbimycin A in the absence of other stimuli did not induce

A chondrocyte apoptosis. When confluent chondrocytes were co-
stimulated with IL-13 and herbimycin A (1uM), apoptosis was
bel-2 also not detected (Fig. 7). Thus, in contrast to the effects of protein
kinase inhibition by staurosporine, selective inhibition of tyrosine
neg 0 1h 2h 4h 14h 3.5+
c 3
B
0 1Th 2h 4h 14h 3 25
£ 7
2 5] 7
35kd == wmms wmwe @ = e Caspase 3 § 5 é
& 1] 7
3 .
2 05 %
30 kd m— o+ Y 4
s SRS S TR W Q) -2 05
CH-11 + + + - +
IL-18 - + - - + +
herbimycin - - + + + +

FIGURE 5. Induction of Bcl-2. Chondrocytes were stimulated for the
indicated periods of time, after which total RNA or protein was isolated asFIGURE 7. Tyrosine phosphorylation is required for the antiapoptotic
described inViaterials and MethodsA, RT-PCR analysis with Bcl-2-spe-  effects of IL-18. Chondrocytes were stimulated as indicated and harvested
cific primers. PCR for GAPDH was performed to normalize the samplesfor cell death ELISA after 14 h. Herbimycin A was used gtM. Differ-

neg, control reaction without cDNAB, Western blot analysis of IL& ences between CH-11 plus herbimycin A and CH-11, B,-flus herbi-
stimulated chondrocytes. Two gels were run under identical conditions andhycin A vs CH-11 alone were not significant, nor were differences be-
probed separately for Bcl-2 and caspase 3 expressions. The data showmeen IL-18 plus herbimycin A vs herbimycin A alona, p < 0.01 vs
represent one of two similar experiments with two different donors. CH-11
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Pro-apoptotic environment, Activation of apoptotic cascades role of PGs in chondrocyte apoptosis was addressed by adding
matrix degradation (OA) (e. g. CD95/CDI5L) exogenous PGs or by inhibiting endogenous PG synthesis. The
results show that exogenous PGHd not alter the levels of CD95-
induced chondrocyte apoptosis, and inhibition of PG synthesis by
Chondrocyte death indomethacin did not influence the antiapoptotic effects of f.-1
IL-13 The present study also analyzed the role of RB-in the reg-
ulation of chondrocyte apoptosis. ILBlinduced NF«B activation
can be effectively inhibited by PDTC (21, 23), and as shown here,
PDTC completely blocks IL-g-induced iINOS mRNA expression
Accelerated matrix degradation in chondrocytes. Under conditions where NB-activation is in-

Inhibition of apoptosis by hibited by PDTC, the protective effect of ILglagainst CD95-

upregulation of tyrosine . . .

Kinases, NF-xB and mediated chondrocyte apoptosis is also reduced. This suggests that

BCL-2 IL-18 induces antiapoptotic effects against CD95-dependent apo-

ptosis via NFkB-dependent gene expression. This finding is con-

sistent with the observation that ILglinduced NO can be pro-
Prolonged chondrocyte survivall ———  De novo matrix synthesis apoptotic in cultured human chondrocytes when antioxidants such
as DMSO orN-acetyl cysteine are present (9). These antioxidants
are, similar to PDTC, inhibitors of NikB activation (34, 35).

The activation of protein kinases, specifically tyrosine kinases,
is also required for the antiapoptotic effects of IB-1lIncreased
FIGURE 8. Possible role for IL-B in matrix loss and chondrocyte sur- FerSIne phosphorylation in response to IB-ﬂ]as. beep descrlbgd .
vival. IL-18 may contribute to reduced matrix loss in pathogenic situations'r! .many cell ;ystems (24, 36', 37). As shown. 'n_ this study, inhi-
by promoting chondrocyte survival. Disease progression is determined bition of tyrosine phosphorylation by herbimycin in the absence or

the balance between ILgtdependent pro- and antiapoptotic events. the presence of ILA stimulation did not lead to chondrocyte ap-
optosis. This is in contrast to the observations with staurosporine,

which showed a more potent proapoptotic effect in combination
with IL-1B. Interestingly, herbimycin A increased CD95-depen-
gent apoptosis in chondrocytes and completely blocked the anti-
apoptotic capacity of IL-B. This suggests that constitutive as well

Reduced matrix loss

kinases in the absence or the presence ofgLdid not lead to
apoptosis. However, herbimycin A enhanced2(fold) anti-
CD95-induced apoptosis and, in addition, completely abrogate

the antiapoptotic effect of ILfA. These data suggest that tyrosine as IL-1B-induced tyrosine phosphorylation events are essential in

kinase activity is es_sentlal for the IL,81|nh|b|_t|on of CD9$-de- tPe protection of chondrocytes from CD95-dependent apoptosis. In
pendent cell death in chondrocytes and point to the existence qt L L
uman melanoma cells activation of the transcription factor

tyrosine phosphorylation-based antiapoptotic mechanisms that alf\eIF-KB by IL-1 can be blocked by herbimycin A (37), suggesting

activated by IL-B. that tyrosine kinase activation may be part of the signaling path-
Di . way leading to the activation of this transcription factor in this cell

IScussion type. In chondrocytes, herbimycin A does not effectively reduce
This study examined the effects of cytokines on apoptosis in huthe induction of NF«kB activity by IL-18, but it does block the
man articular chondrocytes. In metabolically normal cells B-1 induction of iINOS and COX-2 gene expressfbayggesting that
and TNFe, which are major mediators of cartilage destruction, tyrosine kinase-dependent signaling is not essential fokRI&c-
did not induce apoptosis. A significant antiapoptotic effect of ex-tivation and that NF«B activation by IL-18 is not sufficient for the
ogenous IL-B on CD95-dependent programmed cell death wasinduction of these genes. In chondrocytes the antiapoptotic effects
observed. In contrast to ILAL, TNF-«, which influences many of IL-13 stimulation were at least in part mediated through &B--
chondrocyte functions in a similar way (27-29), affected anti-activation, because inhibition of NkB-dependent gene expres-
CD95-induced apoptosis donor-dependently, while T&Rad a  sion by PDTC partially neutralized the protective effect of IB-1
small, but reproducible, antiapoptotic effect. The variability of the Our data suggest that ILgltriggers protection against death re-
TNF-« effects may be explained by donor-specific differences inceptor-induced apoptosis via the activation of tyrosine kinases and
surface expression of the TNF-receptor p55 (30). NF-«B. Whether these events are linked or are two separate path-

A previous study, which used different experimental conditions,ways mediating the antiapoptotic actions of I3-th human chon-
suggested that in primary human chondrocytes fLebes not in-  drocytes remains to be determined.
duce apoptosis despite high levels of NO production (9). The [L-1p8 also leads to the induction of Bcl-2 expression in chon-
present study supports this finding and in addition demonstrategrocytes. Elevated levels of Bcl-2 may contribute to the protective
that endogenous NO induced by li3has no synergistic effect effects of IL-18. Although we did not determine whether Bcl-2
with respect to CD95-dependent apoptosis. On the contrary, thexpression confers protection against CD95-induced apoptosis in
results of this study provide clear evidence for an antiapoptoticchondrocytes, this antiapoptotic regulator is known to interfere
role of IL-18 in chondrocytes. The antiapoptotic action of IB-1  with apoptotic cascades involving mitochondria.
was not mediated by NO, because inhibition of NO production did The observation that ILfA can protect chondrocytes against
not significantly influence this effect. These results are in contrashpoptosis is relevant to the understanding of mechanisms that reg-
to those obtained in other cell systems (31) for which a protectiveulate cell survival in arthritic cartilage. Under conditions that are
role for NO was demonstrated. It is possible that in chondrocytesissociated with matrix remodeling, the survival-promoting effect
potential proapoptotic effects of ILgkinduced NO are counter- of extracellular matrix may be compromised (38). Furthermore,
acted by the simultaneous activation of protective pathways, which
remain to be characterized in future investigations.

PGs are also produced by Igdactivated chondrocytes and are
known as modulators of apoptosis in other cell types (32, 33). ThéGeng, Y., J. Valbracht, K. P. Zhixing, and M. Lotz. 20@ubmitted for publication.
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these conditions may be associated with apoptosis-promoting cir7.

cumstances such as those found in osteoarthritic cartilage. Th

present findings suggest a mechanism by which, in an otherwise™
proapoptotic environment, ILA promotes chondrocyte survival
through the induction of antiapoptotic pathways (Fig. 8). This may,,
have long term beneficial effects, because the rate of matrix loss™

may be decreased.

In conclusion, the present study demonstrates thafdlintluces
chondrocyte responses that are protective against CD95-dependent
apoptosis. The effects are not dependent on NO or PGs, but requiga.

the activity of tyrosine kinases and are influenced by #f~and
possibly Bcl-2 induction.
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