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Aggrecan in cartilage forms aggregates with hyalu- 
renan and link protein, embedded in a collagen 
network. It accounts for the compressive stiffness 
and resilience of the hyaline cartilage. Many forms 
of inflammatory, arthritis were shown to be accom- 
panied with aggrecan degradation and loss from the 
cartilage. The loss of this major component of carti- 
lage renders the tissue more vulnerable when 
exposed to abrasive forces. Therefore, aggrecan 
degradation may significantly contribute to cartilage 
destruction in arthritis. Furthermore, fragments of 
degraded aggrecan are released during joint inflam- 
mation. Thus, molecules  of an avascular, immune-  

privileged tissue (hyaline cartilage) may become 
accessible to the cells of the immune system. Simi- 
larly, there is a "leakage" of aggrecan fragments 
from cartilage during aging and after joint injury, 
which may also lead to autosensibilisation. Auto- 
immune reactivity to aggrecan can be detected in 
human joint diseases, as wel l  as in animal models  of 
arthritis. The epitopes involved in these processes 
are currently being identified. Recent data from 
work with mice suggest a strong immune response 
focused to the N-terminal G1 domain of aggrecan 
that leads to arthritis and spondylitis.  (Pathology 
O n t o l o g y  Research \/ol 2, N o  4, 219-228, 1996) 
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l u t r o d u c t i o n  

The large aggregating proteoglycan, aggrecan, is cur- 
rcntly considered an intportant target tnolecule of autoim- 
t u n e  attack i13 hyaline cartilage. Aggrecan might also act as 
a causal factor in human autoimmune joint disorders. Auto- 
immunity directed toward type I1 colhtgen (the o t h e r  majo| + 
component of cartilage matrix) has been extensively studied 
both in humans and in experimental models of arthritis. The 
relative dehty in the study of proteoglycan (PG) specific 
autoimmunily was a consequence of several factors. One 
factor was the tack of availability of an appropriate tech- 
nique lbr the isohttion of intact proteoglycan monomers 
trnm cartilage unti! the work c,f fta~call and S~jdera in 
1969) s Their method combines the use of dissociative 
conditions (solvent) and isopicnic density gradient 
centrifugation. This method is being used, with slight modi 
fications, worldwide to prepare PG monomers. Another 
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hampering element of studying cartilage protcoglycan is 
C, u S " the hieh ~I~co:ylatlon of the molecule (protein conlenl 

varies between 6-10r~ of the total molecuhu mass). 
Immune reactions to protein antigens have been more 
extensively studied and arc lar better understood. The 
time-lag in the development of  glycoimmunology is 
reflected in the relative delay m understanding the precise 
nature of proteoglycan specific responses of the immune 
system. Further problems arise from the polymorphism of 
aggrecan: the age and site tclated variability in the num- 
ber, size, sulfation pattern and charge density of the glyco- 
saminoglycan side chains. There is an age-related shift 
from proteoglycans of high buoyant densily in young 
tissue to proteoglycuns of medium buoyant density ip. 
older tissue. This shill is accompanied by the accmnulation 
of truncated aggrccan molecules many of which arc lacking 
their chondroitin sulfate attachment region. '~ Furthermore, 
there are at least three forms of aggrecan tmnsct-ipts, geneF 
ated by alternative exon usage. 24 In addition, the heavy 
gtycosylation may also interfere with amino acid sequenc- 
ing. Glycosylalion tnay protect proteolytic cleavage sites 7~ 
complicating the study of fragments produced by enzymatic 
digestion of thc core protein. Finally, the large molecular 
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Iliad;,; ( I  3x 10" I ) )  dooMl' l  D:rni i l  the List o I  <,OlliC simple 
biochemical ulmlysi~ 1ochniquc~. e. 7. .SI)S I ' : \GIL 

The rapid proTrc'~>% of  nloicct l lar  I~iolo<_, 3. crossmlk~ \vitl~ 
other fields of  ~ck.'nce and Ihc w<wk cufr icd (>tit in i)rotr 
]yc:.ill i l l l i l l t i i lOlO~V, ho\vC\r clc'tli]~ he\pod o~.crCOll/U ihc 
dla\vl0ack~ and accclcralc tl~c: dr162 of  this f i e ld  
~,lill]k mq~(+i-lanl queslion~ rOlll',lill h) bt' ans\~eled includ- 
ing ihc role of  pos~ihlo cio'~>, rc:.lctivit.v \ci lh b~lctt_'riul 
i)cpiidt)71).cJns ui ~ i t l i  t,thci I) i t , icuglycan~. ,,\1~o. the  

q u e s t i o n  o f  w h e t h e r  the  iHitllUnC r,.'sponsc to  :.t .~lCmzln i,; 

CaUSZil. Li conscqtlcncc of  carti lage dcstrucl ion, or a relqec 
tion (>1 a molecular  inhn ic ry  sti l l  uwai ls cxt) loral ion. Ans- 
w'ering tt~csc questions ilq:.l}, s ign i l i ca l l t l y  contr ibute It) tl 
belier cinderstuliding t)f lhc Imlt l(unuchmii~ln in sc~r 
] l t l l l l q l l  jo in t  disorders. 

M o l e c u l a r  s t r u c t u r e  ~![ 'aggrecan 

I h a l i n e  c a r t i h i , , e  c o \ ' e r i t m  a r t i c u h t r  s t u l a c c s  is c h a r a c  

terized by Liii cibundant cx ln tcc l l uhu  li iZilrix that i~ pro- 
duced and inairlp.lincd hy r T]-ic' in: i l r ix  coin- 
[)OllClllg xynthexized by ihose rch i t ive ly  sparse c<_'ll,~ are 
collaTons. ['Jioicogl),cm~s und non-colhlTenous matr ix 
I)rr Tho Inu.ior structural P(J in t ]yal inc carl i laTe is 
lho [:.LITC. i.igTi'CTtttillg lgr(llL'o.~i),ftlll lhal ]]a~ '~ci~,cd 'a,, tile 
protolSpc of t0rolooTlycans. 
In lhc p;lsl decade, it hocame ~ipl3Hrcqll lt3al l~rotong]ycan~ 
arc IX)l .jusl ~puce-f i l l ing r of  lhc gft)und stll~- 
shlnce but s l ruc lur i l ] lv  :.tllcl I'uncti(>lulllv divci~o illt)leculc's 
I)i(>cltlct'd b)' lli()~',l Ctlktif),t)Iir cells. The Cllt)l'illOtlg V'u'ict)' 
hi" 17rotcoglvcail$ necessitated the inlr()chlclit)i] u l  the spe- 
c i f ic  term. tt<7,kYec<m lOl tile I~ictlon~inulH P(] in url icuh.u 
cartiht~e. -'i The i~iii]lt > icI ]ccts lhe :.~biliLv of  thi~ inolr  
lo f~)lm nl'icroil~o]t_'cui;ir :.i~Til.'~:.llt.'s with ]l),tt]uroll~il7 alld 

l ink pr() ic in  by Nou-c ' a \z t l c t l t  : . r- ,suciat iun ~I.i,~./). Aggp._' 

<_;t,, ~ts au,, protuo~l,,u~tn, is :.~ ,~lycoprotcin u,:,nt:tirfin.~ 
~lycosanfinoglycan (earl ier termed :~s mucopt>l~sacch:i- 
]Mc) cc, \a lcnt lv attuchctl t,.~ u con. '  pr,.~tein. Thi,, pr,.:,te(Lu.- 
t},aan i~ SLIb,,tilu]tcd hv ch,~)ndrr ~udf:.itc and kcrat;_m 
sullme in su*paratc ,Jutti;tins us wel l  :.is N- und () l inked 
oti~o~:.tcch.:|ridcs intcrspcr'.ed airing the protein uut-c (k'h- 
.+200 ()()0). The core prutein c,f the aggrccan Ires hecn 
C i ( ) I I C t J  L i n d  scqtlellCed IFI several .,peeves.; : :+ ?; ;  .... Ihe 
lal•e, n lu l t i -don la in  protein core of  ;_iggl'CC;.Ill t.'()ntaiu~, 
Ihr0o ,L, lobu]ar doulains. (.Jl. (12 al tl~c N toinihlLl~. (33 ,:it 
the C tOlil~iilLl~,, a,~ ~c l l  us exlmndod central re, ions Ih;ll 
c-irry the bLilk of  Ihe 7l),cos).hi l ion (-12()1)-150():.unino 
',lcMs [()llgJ. ([:or rc.'vie~ scc i ). 
�9 G/ & ~ m u i n  r  ~#~'iU h i m l i n / 4  </<,m~dn. H, t R r ) :  it 

consists o f  3 loops stabil ized by d i~ul l idc bridges I~11] 
ill]mtll!O~lo10tl[hl fold A loop :.111(_1 pl-Oteoglycan tandem 
r c p c a i [ }  and B' loop~). Both ;Jg~l-oczin ~.il :.ind l iuk 
protci l l  ;_11o illOlllbOlS ()I the ill lPltllIO~.!Ohtlli l] xt lpefl t i  
niJiy. ;~ and their intciactioi~ is considered to bc mediated 
by lhc hni l ]ur io.~h)hul in folds. B ind ing  to hy~/huonai] is 
considered Io be mcdialed by l i l t  tai~dctn repeal loops. +̀> 
] 'he  B al/d B" loops arc subsli t t l tcd vvilh SOlllC.' kci~ll~il] 
sulfale and N- l inked ol igosaccharidcs. 

�9 ln Ies:C, l<dml~tr  U + m m i n  t l G D ) . "  ihis region i'-, hi.~hly scn,,i- 
t i\ 'c 1o cnzymal ic  c[c~l\tlec ~' and is ',ub', l i tuled \ \ i l h  
] ~ . e l " , l h l I 1  S t l l  l ' H t O ,  

�9 ( ) 2  d o s l l d i n :  COlll~.iiil'~ t:.tlldr rct~C~il h)op% I[~J, [ g ) h i l l  
doe~ not bind hy: ihlron:nl  or ~ i th  l ink protein. It ix :.i[<,o 
StlbMitulod ~ it/~ korahin sulhl lc.  

" i '~'~'l 'f l lt l/! ~11//'~11~' \ l / / f i t ' / l i l l y ' I l l  I'~'<~Slf)l#, i l l  i l l . l l l l [ l l l  L I ~ U I ' C U : . t l I ,  

I1 C()lltHillS ] I io[)c, ztls o l  ht_,x~illlOfic d l l l i l lo  cicid sCCltiC_'llCU 
I~ -E-P- (~ .  F / - P - S  ~+ mid cari ic~ the ui~_tiorily o f  the ku 
itit:.ii/-,til I:.llO ~iclc chuhi~. 
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,,~I[Ict)~IILUIH(),.IIIIcWH< Fhc' (~,/ , ' [ i ) i I I i l i l~ dtWIhltU il l l ]h dk"J ~'~ ~Id , (U~' tU()f('Jh* I> iIf~Hi .llc~/ h) ! ;o i l \  / l l / i t l , ' IFi i~itI,! ,qlh/ / i t ! i ,  l~n,]i'/~7 d' / / / ;  
h'(~ll ~ Ik did,l! d~>t~ Im~l'd!/. 
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�9 ('t~(~s~ls~il#s~ ~u//{l l( ' f t l l ( t ( / l t t l (J l l  Yw.t,/~.,// ((','~7.- lhe ilHl [H" 
~l\co~,amin~)~l\can h]ndhl<, rcMon, il c4rrJc~, ~ I[)()chum 

dr~)ilin ',ulf~Ic 'ddc d~ahl,,, hc f]r'q putt I(%I! in human 

L/ ,~ICCLLI I  CJ.)II[Ll i l l  <-, {/ I ( , ) -~ i l / l J i i~  a c i d  , , r162  lLTpL'i.l[t_'(I 

it) IJnlr ~ h i l  77 (S (;)I-Cl)r (_'h~mdroif in SLi]f;.llt_" ~idc 
ch,,lhls linked h) ~crinc 'arc rchili~cly r dislrihulcd 

in C,S]. ~cparaled h\ lhr ]U amino acid hln~ '~paccr 

'~CCll.lCllc.'r . In lilt ~cc:()i]ct pai-t ,%_, lhr ch~mdroi f in  
,,idc d~ai i l  <, Hrc' I t ) l l l ld in clu' , icr '< 

�9 (/.7 U+,n~6n. in iho c~i'~c o f  htl l l i ;4il ti.~.~l'L'C;.lll. { \vo L'.\()llt, 
in lhe (i.~ arc a l i c rn : l / J \e l }  sp l iced.  The eilCOd0d cp idcr -  
i i]4] gi-~)~,\lll f '4ctor (E ( ;F )  ~ind co l ] i l ) l cn l t ' l ] l  rcuLiht ior } 
t)r~)lL'in iCRP)- I ikL '  d t ) i l la ins [)rcdoininul.e i l l  fc_'ial aticl 
} l )c ln~ ;~ig~.rcc41i. i \  lcclJn l ike clom~lin is Ioc'<Ucd hi 
hr tl~e h i l ler  I\vc) dornt ih ls.  11 is I1onloh).~OLIS \~Jlh 
lypC C ~li l i imi l  lucl i l ]s and ~,t ~i,, ,,ll(~t\,ll h) h ind I'tico~,C and 

~ f  I~,t 1,1~/(" m ice 

H y p c r i n m l t i n i x a l i c m  of B A L B t c  mice wi th  hcicroh~gom,.  
i) tul i~i l ly dcg l ycosy ia l c t l  ~l~lc_'C:lll i nduc ts  ;4 chrc/r~ic, pr<) 
.~rc,,si\c i> ) l ya r lh r i l i s  o l  .ioilliS o f  ihc IlnlhS and the 
spine. ~,<x ~l he d in ic~ l l ,  h is l l ) iog ica l  anti r;.idil.)lo<t>Jc4] Syl l lp- 
'<Oli/S i~i.<_,l]l.~ rcsomhl r  ilclil/;.ili l t l cun la l i ) i t l  Clrlhril is J l id 
ctnkvlt)~,iil 7 ~pond}<'!ili~. The incidL'ncc J~, m'oui ld  100D~ 
\vi /cn P(; i>, in.jcmicd inh) ~lctl.ill l c i ] iu lc  B / \ I . B t c  n]icL' Jnlra 
]-~erihmC41]) il l ',ill Cnluh, i(~n '~ i ih ( 'omr~ ic lc  I:i 'r 
'~t{ j l iV: i i l l  ( ( ' l ' . \ i  <)r h i comp l r  [~rcLlild At( j t l \ , : i l l l  41t;:\ ). 

I h e  in i im l  dxlOri l ; i l  ,,vl~lpl~!il/~ <~1 ar lhr i ih ,  ;il~l'JO:ir iillc, r 
{he {h i id  <it ! ] )ur lh inli;.il~c'rih)nL';ll i l l jec l i t ) i l  t>l ci~jTlccLiI1. 
clL'l)cndin U on Ihc t ; i , - \ l .B/c c_~)l,<)nt. LIXc_'tl l~)r ilIllllLIIli./~l{i~<)li. 
r h c  '<uihril is ~,iail <, m, ;.lil tictil.u t~c~J)~irlicuhir ~Vilc>\ ]i is and 
]l lcl l ldCS ~pond) l i f t s .  ].)tliJll.~ i i lc ear ly  phasL's, pc r i \  at, cu l t i r  
t icCti l l lLi l t i lh)l l  ( ) i  IllOllWHitlClcNir cci l~ ~illd poI) ' l l lOr! ) i lOl l t l r  
!c~il ccl l~ c~iil bc ~ccn. , \He r  lhc ]~JriillHi-} i i l f l~i i ] t l lr ,  ili~/IL 
rci l  liS>;ioits ; i l id xj~t)llhlllct(tLix o\~ic'crh~lliOlls ciltClll~il~.'. 
Thc,~r lc',ld to c~ulit~i~c i i l ld {~(,~iic ' mi<~<,icm wiN/h i  lhc i~ in l .  
Lilicicr ti \ i l I uu~  i~anliLis..%lilfnc<<, ;llicJ 71-(~<~ Hcl\~rmilic<, 
deve lop  (<'-7. r ; id ial  d o \ i n l l o n  i l l  lhc \v i is i  i oh l l  ). n~ ~ c i l  tls 
:mk \  h~i~ ~,i the ~pinc ;il ltt rc,solrJli~,qi o.f b, ro\ \  Ih ]~l~ilc,~ ;lli(] 
in l0r \  cri0h!ci i  di ' ,c <, 

] h e  a i l l i r i l i , ,  %hul,, in~,, i  Ircc!cicnil} in !he .i~>inl~ M lho 
J!ilic] l i inhs.  \ \ ] l i ]  iJinr Lhr ,~tlicr iiii]l~s ~uici Hic , ixit i l  : ,kcl-  

ph.i[r wh id~  is o f l cn  ctrttdcd. Hox , \ r  s l i~h l  l e n d o i l i l i s  
~ll]d nl~thl l t ir  lus io i ls  ()11 [~o i ia r l i c t l l a r  ~i104<~, sk in rmd~c,<,. 
and Irant, iOnl climThc~l ;.ire L ' t t l l l l l l t ) l l .  The dovch) l ) lnc i i i .  
o f  ihc cli%c~lsr is d c p c n d o n i  t)il Ihc c \ p i c s s i c m  o f  ho lh  
ccl iL ihtr  4nd ~illLJhodv i ] l cdm lcd  :n i io inunui~c rouc i i~ i f ie , ,  
[~.) I I !()t l~,m i l ,~.~ICC{ I I .  Al~norn i~ l l i l i cs  dc[t_'c[cd h~ I 'L l l !C- 

l i ona l  lct>l,~ (,,clch ~l,~ t, llcil<Ei.h elf 7 r i l l  l i l t  i l iu i i i l c i incc  t)l ~ 
pt)%lui-c on d i I f o r c n i  ~>Llrf;_icL's '4l d i f f c r cn {  l i l l  ~ill.glo~, ~.lilcl 
~; l i i  ~/ilcil>.si<,i cou ld  p redate  h)' \>,,ccks the ~lppcarancc <,~1 
l i l t  i i rn l  c l i n i ca l  ~} ' l l lphHl lS and prmccdc lhc ~.itlpC~ll-;.lilCC 
o f  miloaiHil~oclio,~ in hctrtl111. '':~ 

X]ot ise ;.iggri.'c'~in sp t -c i l i c  , . I t i t ( taiHibtt t l ics CUII I've 
clctc'ctc'cl Ir<,)nl t l ic f i r th  ~o s ix th  w c c k  o f  i m n l u n i i c l l i u n .  
~<\Jlcrca~, ani ih~)dics a.~ahist i l l l l i i t l l ] i l i n .  U htl i l l~il l  J cLi l  
agglCc'an appear  cluiilL~ ihc second ~,tcck o f  i171intlriJl 
t i {)~. I lcq t) those ant ih( )d ies rc:ic'i~os it i11aXii l l t l l l l  I t \ e l  
a[ ~ to 12 ~\eeks o f  inl l l l l . lniZul.Jol l  ; l l /d l l ic l ]  si~)\~l\ dec'- 
l't_';.lb, C% i.I ~, _joinl d;.iIIII.UUC dr  ~<' /\i_ilo~.liitiht}clir ~<~elc 
foLil]d c } ' l o l ox i c  tt) ho ih  ]ILLilLil] ~llld Il lOtlsr cl loI l th 'ctc} lc$ 
h l i h c  p r e x c n c e o  c ( } m p l c m c n l .  ' ' '~ '~,\  ~nml lp<q~Li l~ / ih )nor  
i i t lh)antJ/~ndios dit,;il~r~earod f r om ihe c i r cuh i l i on  tH ur lh r i -  
l ic  uiiiln~ll'~, h/iL c~lLild hc r c u i e \ c d  b). l o ~  p t l  o l u l i on  fr~)nl 
a r l i cuh i r  li'~suc~,. Th is  fh id in  7 su.~.~csls ibm H~c c~irt ihiTc 
uridcrT<un. ~ dc.~rachlli~m lil;.i}, I f ind aLi l t )ai / i ibodic 's.  ]O i i l l  
CltllOd auh)~inlil~octic% ~ e i c  al le~l,~l I()() IJn/ct, mor r  
c \ ' lo l (  \ ic  ()I1 lIlLIr]llO c_'ht)ndror lh~lll ll l(),,c te l ; l i ned  in 
ihc circLi la[ i t ) i i .  A n l i h d i e s  Io col lauL'n IX.lit_' 11 ,~CrL" 
dc tcc l cd  in _.~5 ' o f  a r l h l i t i r  Uilinlclls. but on l y  in : ld\  ;.liiC~d 
~lrlhi-il is. ()cc~i',i<)li~li].~. l-ilCUli/;_4t>icl Iuc l~ l l - ( c i i l l c r  JT~\l ~)l 
loc i  or  hath i r he do i cc i cd  in lhc 4i-fl~rhir i l l iCc. ,\]~() 
[ l l l n l l l n o  t i r  t A O t o  t i r  il1 i , , i d l l C ' ~ ,  i11 ; IJ i l l \  I]1 

rhcun l ; l l o id  fa r  p~)~il i\ c t n [ma l~ .  
P(i- inc]uccct ~ll-l.lirilis COilid hc lrallSlorrcTcl ll> irl; icl i~iled. 

n4 i \ c  B A I . B I c  in icc  ',till-i in~nonl . ic lc ;n-ce i ls . "  I t o ~ c \ e i .  
succossl t l l  t r4nsfcr  i cqu i rc - i  film h ] j r  o f  lbn]phc~c}tos 
,~l ln]t ihl icd ;n  t ' l l t f )  I)1 l#1 i11,') w i i h  r  Iltinl'<in lc laI  ill- 
i l l( i l lS0 J~lCC~l l l .  JI . - ]  ~)1 illll11LInr ,~Clil i ro l l l  i i l l l l / l i l i$  \~iih 
Ul lhr i l i s  ~,i~i])lic;.li111v redu,..'cd lilt_' {i i l lc' <H ~tll,~c'l ~ f [l-;lll>,- 
i \ t r rcd {lllt]lill:.4. The Irt l l l , , l t t r  '<v(r., t~l(/c'kc'cl h} prt.Hi-o;ill//c'Mi 
iH ,i l t i l(>l l}.m!~n~c.\ I ts  \ t i l h  c i l hc r  i n l l  I coi l  o r  ;inlJ 1;; <_'ell 
~u] l ihodics ~n,,d cOinl~ien~oni. +' X l i e i t l i i on  ~1 4nii<_>cn ~pcr 
fic" r , ' d i s  it) I I I c  ",4\ I1()\ l l I l l l  hOt'It1'-; ,l.(/ I"O l i l t )  i n i t i a l  r  

-,{cp ii] fi~,r Irm/~>forrod ; l r l i l i ] l i s .  ' 
t>(] ;ul l l r i~i  <, i<~ ~lxs(Ic_i~tloct \~ i ih ~ill iilCl't_';.l~.L'Li I1.-I pro-  

ducl l~ni h\  ",\liOXi~Ll cei ls.  Anoi . i !cr  h lJ i ;Hl i i l ia l~ i r \  c \ h ! -  

] i / [ c r \o l l r  di~k~ o l  IIIC LiJ'. arc ii l()', l l rCqLlel i l i )  L'~.t)Osotl 
io infJanl i lmh~r\  tll lt] dc<4r cJl;inb'L'>,, l i i  ihc c'ci,o n f  
IhC sj~inc, ihc J! l ! !a l i l i l l ; i l l ) r \  l~l-(/c~_">s ',lLlils 4cJi~lCr h~ lhc 
illiCr\L'rlei~r'<l] d isk ~ulct Hi{I,. i i / t ( , l \ c '  pcr io~t i r is .  (cnd~mil is 

i l l  i l l l l ; . l l l l l l l~l{( l l  "x. < :e l ls . . \ i i / ) l l t  ,<'()<7 ~)i s~.icl~:Jili~iC jo i i l l s  Lift_' 
;liSt) in t ( tJ \ud .  ( ) [h0!  cmlilt lQc<,. -uch is  llli)~.c ' i l l ~.]1O ril~s. 
c;.tr%, i l l  {1~r rc,,l)il~lh~r } l]~icl. ~iic l ie \mr mxpt)scd 1,> '<hc 
i l l l I~i l ! l l l r ,  i l (H\ plor ti1r OllJ\  r 1 6 2  is ll]C ~rl)\t. i i/ 

|" L'CII~; IrOll l  ~l l lhl] lJt: ;Hli!!/als lh~lll !ho,-c ,~hlainc~t ! lOnl 
,iili111111 ~, i i / l i / / t ln i /cc i  v, i lh i l t i ! ) i i l l h i - i i t tTcn ic  1~(]. ,,Lic. h tl', 
J~(], l<,oJah.'d l l- i i l l l  !LII ch~)i!ch~l,,;i ictun;i ~)1 Ic l i i l  h l ) \Jnc 
c ; u l i l u g o "  ~hul<tcJ~mal ~imihc~d~ (B[4 6](~. 17XI). \ \h r  
;nk'c{od h/l l4tCi l t)u<,i  ', iu tn illiCC, induced Cl Ir', l l]Sir 
- ' ,  I i t i \  i { i k  ,t. i t i l~)li l cml . ih i~c cJct~,Irt l t . ' t i t 'HI J ul]t~uhli<dlcd 
:l..lt~{!. ~')/Jlcr Li~;~lCC;.l! l  ~ c d l ' ] c  l l I O I I t t d t ; l I H i  cmtil~ttdics 
tt01m ,dlO\t li It) t;LILI',r clc!;]ctit~il o f  curt ih[Dc l l l t l l .co~l t .c{ l l l  
'~ i( l l  l i l t l c  ~n no) ~,\ I1() t. i l l ,  < 



222 BUZ/~S et al 

T lymphocytes play key roles in the pathological mech- 
anisnt of aggrecan induced arthritis. This is supported by' 
several obserwttions. 

�9 The sttsceptibility to arthritis is associated with ccrtain 
MHC genes. 

�9 There is an increased 1L2/IK4 production of spleen and 
especially joint draining lymph node cells upon h~ v/ire 
st imula t ion  w i th  " 'ar thr i togenic " PGs, s 

�9 There is a PG-spccific selective proliferation el + CD4- 
development of arthrms. cells during the - �9 �9 s 

�9 Prevention of arthritis in achieved after in r i te  treatment 
with anti CD4 antibody." 

�9 The transfer of the disease requires the presence of T 
cells flom arthritic animals. 

�9 The faihne to induce PG-arthritis in homozygotts 
BALB/c nude mice also argues in favour of the signifi- 
cant role o f T  cells in PG-arthritis (unlmblished data). 

�9 Rccently, we have shown that an aggrccan-spccific T 
cell hybridoma clone was capablc of inducing arthritic 
symptoms in BALB/c mice; providing direct evidence 
that PG-specific T helper cells may phty a crucial role in 
autoimntune arthritic processes. In this T hybridolna- 
transferred arthritis, a massive swelling and redncss of 
the paws were the leading clinical symptonls. The 
histological features include a reactive synovial cell 
proliferation and the accutnulation of hybridoma and 
inflantumtory cells in the joint space, the loss of PG 
from the superficial layer of the articular cartilage and 

�9 �9 0 

cartilage erosion. 

Genetic predisposition to the disease is determined by 
MttC and non-MHC genes. I Although cartihtge aggrecans 
from various species have ntauy biochemical and itumu- 
nological similarities, only a sclect group of protcoglycans 
from lietal and newborn human, fctal pig and canine articu- 
lar ca r t i l ages ,  human  os teophy tes  and human  
chondrosarcontas were able to induce arthritis in BALI3/c 
mice. The human fetal aggrecan monomer used for immu- 
nization has to be enzymatically depleted in chondroitin 
sulfate side chains�9 Human adult aggrccan was also found 
to induce arthritis after the removal of both chondroitin 
sttlfate and keratal l  sulfate side clnains (TT Giant ,  nlann- 

script submitted). 
Recently, an anti-CD44 antibody was shown to have a 

therapeutic effect upon joint i n f l anuna t i on  in both agg 
recan anti type II collagen induced arlhrilisJ 's Snch 
approaches in animal models ntay provide valuable 
experimental systems to develop new human theral)eUliC 
strategies. 

Epitopes of  the aggrecan recognized by antibodies 

The antigenicity of aggrccan was proved by, landmark 
studies in the 1960s. -~-5s'(' In the ncxt decades, many 
papers were published describing immunoreactivity to 

cartilage protcoglycans. The dcvelopnlent of monoclonal 
antibody technology has opened new vistas in proteog- 
lycan research and enabled investigators to isolate anti- 
bodies with monospecifity to certain determinunls of the 
aggrecan molecule. 

The disuccharicle unit (N-acetyl glucosamine and 
galactose) is a common structure in mammalian 
glycoprotcins and prutcoglycans. However. inrmuniz 
atiun of  mice with aeerecan~ induces a strolw= response to 
keratan sulfate. Several monoclonal antibodies have 
been raised to keratan sulfate (single or clustered keratan 
sulfate chains in which the sulfalion pattern may be 
different) e.g. 5-D-422 ANgPI,<;<' EFGI 1. ~ Thcsc 
nlonoclonal antibodies have been widely used to detect 
or measure keratan sulfate in tissues and to sttidy agg- 
recan structure and metabolism, l~SSs<J'~" Chundroitin 
sulfate was considercd to bc non-immunogcnic until the 
isolation of hyl~ridornas which secrete monoclonal anti 
bodies to chondroitin 4 sulfate or chondroitin 6 sttlfate 
stubs attached to the core protein of aggrecan. I-,~74 The 
pretreatment of chondroitin sulfate with chondroitinase 
ABC. chondroitinasc AC, or testicular hyaluronidasc in 
most cases was essential lk)r the antibody binding. An 
especially strong humeral immune response can be pro- 
voked by the unsaturated glucuronic residues created by 
chondroitinase ABe  digestion. ~<' 

Monochmal antibodies were also isolatcd to cpitopcs of 
native chondroitin sulfate (e.g. 3B3, 7D4, 6C3) although 
many of these epitopes proved to contain oversulfated or 
unusual disaccharides in the choudroitin sulfate 
chaiil. 14'<'tii/I Col*e protein epitope-specific n/orloclon:_l] 

antibodies were also isolated. Some of them (e.g. IC6, 
2A5, 5-C4, 8CII recognize epitopcs in the GI domain of 
the aevrccan ~ and sonic nlay cross-react witln the homolo 
gous link protein. '~ Monoclonal antibodies recognizing 
epitopes in the chondroitin sulfate attachment region have 
also been isolated. > 

Recently, a new generation of potyclonal and 
ntonoclonal antibodies has bcen raised against aggrccan. 
These antibodies rccognize ncoepitopes created by "'prote- 
oglycan degrading enzymes, like aggrecanase, or stn)me- 
lysin. ~s4 Monoclonal antibody BC3 recognizes the new N- 
terminus (ARGSV...) produced by the action of the yet 
uncharacterized "aggrecanase". '~ Antibody BC4 recog- 
nizes thc new C-terminus (...DIPEN). 5~ Antibody AF28 
rea('t,; witln a ner~epil+~pe cm polypepiide,; with FFGVG 
sequences of G2, generated by the digestion of GI-G2 
substrate by stromelysin, collagenase, gelatinasc, matrily- 
sin. > These antibodies n/ay provide valuable tools for + 
ictentifying enzymes involved in the pathonlechanisln of 
cartilage aggrecan degradation. Such a cleavage-site spe- 
cific antibody was successfully used to demonstrate the 
matrix rnetalloproteinase-dependent catabolis111 of agg- 
rccan at sites of chondrolysis in collagen-induced and in 
proteoglycan-i ncluced arthritis. 'v, 
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T cell epitopes ofaggrecan 

The cpitopc recognized by the arthritogcnic 5/4Eg Thl 
hyhridoma clone nmps to the GI of hunmn a,aeiecan)' 
Furthern~ore, two T cell hybridonms, isohiled by' l.ero- 
tixJ s~(' react with I\VO different epitopes also located with- 
in the G I domain of aggrccan. All three T cell hybridonm 
clones were isohited from mice imlnunizcd with partially 
deglycosilated aggrecan. Their epitopes arc recognized 
after natural processing and presentation of aggrecan by, 
vafiOtlS antigen presenting cells. 

In several proteins, rcpcat sequences wcic shown to pos- 
sess important antigenic l)iot-)crtics. On this basis, (]oodacre 
investigated the inmlunogenic features of the innhiple 
repeat sequence of CS 1. Two, partially overhil~piug cryptic 
T cell cpitopes were identified (EVLETAAPGVED and 
GVEDISGLPSG). ~ Tile 3, are l]Ot recognized by' T cclls upon 
inlmunization with tile aggrecan monomer, suggesting that 
fragnlents containing these epitopes are not formed by' 
natLiFal proccssing. However, extracelluiar degraclatiorJ of 
the aggrecan prior to antigen processing n]ight lead to the 
recognition of these cryptic structures. 

Recently, T cell reactivity to pooled synthelic peptides 
spannh]g the choudroitin sulfate domain of aggrecan was 

44 delllOrlstrated ill patienls with rheuntatoid arthritis. These 
data suggest that htlman atltoandgenic T cell cpitopc(s) 
may lie within the chondroitin sulfate domain of aggrccan. 
Important data are pruvided by' studies on enzymatic clea- 
vage sites within the core p~( t en  . . . . . .  and nlay help 
in locating relevant T cell recognition sites within the long 
protein core of aggrecan. 

Arthritogenic epitope(s) in aggrecan induced murine 
arthritis" 

The peptide nature of arthritogenic epitope(s) of agg- 
rccan is supported by several observations. 
� 9  arthritogenic cpitopcs are proteasc sensitive, as 

human fetal and mouse aggrecans loose their capacity to 
induce arthritis after proteolyiic cleavages with trypsin. 
papain, pioilase tit cyanogen bromide. However the 
arthritogcnic slructtire is resistant to clostripain and 
stroinclysin clcavagesff 

�9 Isolated glycosaminoglycans react neither with aUtO- 
reactive monoclonal antibodies nor antoantibodics from 
arthritic animals 1'<~54u and de not stimulate aggrccan 
specific T cells isolated from arthritic m i c e / '  >.~,7 

�9 Clea\,a~,co of aggrecan with testicuhir Ilyalnronidase, 
chondroitinasc ABC, chondroitinase ACT. Hg-Acetate 
and 13-galactosidasc results in the formation of different 
chondroitin sulfate stubs, m.<;7 However, thcse glycolytic 
treatments do not alter arthritogenicity of the aggrccan 
(unpublished obseiwltion 1. 

�9 Chondroitin sulfate side chains have to be removed front 
the core protein in order to reveal arthritogenic capacity 

of tile hunch fetal aggrect n. ~'~'s I lunmil aduh aggrecan 
contailis large anlounts of keraLm sulfate ~'~ and needs 
further dcglycosylation with endoq, ~, galactosidase to 
achieve an "arlhritogeific'" character. ~s 
Tile aggrecan specific T helper hvbridoma clone, _/4E8, 

iecognizes a peptidc sequence in the O l of the hurllall 
aggrecan and ~,hov~s a joint specific cell migration when 
injcctcd to irradiated naive micc. '~ Aggrecan specific B 
cclls," interferon- 7 stimulated synovial cells and chondr 
ocytes were shown to present antigen very effectively to 
this hybridoma clone." Retrieval of the keratan sulfate side 
chains from the native aggrccan with kcratanase 1 marked- 
ly increased recognition of the PG by this hybridoma. 7 The 
epitope structure recognized by the 5/4E8 hybridoma 
clone was identified (manuscript in preparation). The 
capacity of this epitope to induce arthritis is currently 
being investigated. 

In a recent study, after the removal of keratan sutfatc. 
the G I domain of aggrecan was shown to inducc erosive 
polyarthritis and spondylitis in BALB/c mice." These data 
provide evidence for the presence of arthrilogenic epito- 
pc(s) within the N terininal G I domain of aggrecan. 
Whether this is the only rcgion capable of inducing arthri- 
tis remains to be explored. 

Data from a study using o'verlapping recombinant pro- 
teins seelns to counterproof the assumption that ;_tutoallti- 
gcnicity is rcstrictcd to the O l domain. In this work. short 
sequences, predominantly in the chondroitin sulfate-atta- 
chll]ent region of the mouse aggrecan, ,,,ere shown to 
induce T cell prolif'cration. < This findirlg raises the possi- 
bility that the chondroitin sulfate attachment region of 
aggrecan may also contain auto/arthritogenic epitopes. 

Thcse works had the essential goal of mapping antigenic 
and/or arthritogcnic segments of the core protein of aggre- 
can. They raise inany ilnporlant questions. It is not clear 
whal role the keratan sulfate and chondroitin snlfate chains 
play in the uptake, processing and presentation of aggre- 
can by antigen presenting cells. Are the epitopes masked 
by stcric hindr:mcc, or are thcy recognized as new deter- 
minants after the modification of the tertiary structure of 
the core protein hy rel-noval of the ncgatively charged 
glycosanunoglycan side chains? The indisputable import 
ance of glycosilation in determining the arthritogenicity of 
~./,g,~lec3u urges further studies to resolve these qtlestions. 

lmmttne responses to aggrecan in human rheumatoid 
joint  diseases 

Autoimnmne reactivity to aggrecan was delecled in 
three human diseases including rheumatoid arthritis, 
ankylosing spondylitis and relapsing polychondritis. 
Ankylosing spondylitis is characterized by the most pro- 
ininent aggrecan-specific reactivity. Celluhlr responses to 
aggrecan have hecn detected in >g55,~ of the patients with 
ankylosing spondylilis. <'4-~'~c~ Moreover. T-helper cell 
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lines and clones, specific to ~iggl'CC{ill. have been i~,ohlled 
I�9 the pcriphcrul blood o f  lXiticnl'~ with ~ulk),hlshlg 
'qxmdylitis/'~ 

Se\erzll ieport,4 described ag~2iec'~.tli ~pccilic ct.']]Lth.u 
itni~une resi)on>+e,, in patient~ \\ i th rheLimatoid arthrJ 
ti~> ~ ' ~ ~ "  ziild in juveilJle rheunlah:'id arlhiiti'-;. ~ A~. i11ei1- 
t ioncd u b o \ c ,  hi a rcccllt  x~,ol'k, pooled -;'+nthctic pcptidc~ 
~panning the c]~ondtoitin ,<+;l_lll+L:tle cittachillont r07ioll v,,ore 
LlSe(]. In a t-~oition el �9 rheumatoid arthi i t ic pallenl~. ,,uch 
poptitle~ could elicit a T cell prol i fcru i ivc rc<+l~Oil~>c. ~ In 
rhcurnatoid ~yno\,ial l ]u id ~>amt->lo>;. anti protco.~lycan 
antibodic~ were detected only i f  Ihey were di~,+ocialed 
frot-c, iinmul~e cot+<lplcxc'>+, u' A l l  F,O~;itive (6/197) ~yt~o,+'icil 
fluid,+ were col lccicd from paLicnt'+ with dcl+imtc ilit:Lllll:+t- 

toid :<uthriti.,; I - 3  \\,'eek~> tolh:,win 7 an acute cxuccrbation o f  

the cli,,+ea~,e. The>+e autoantibodie~ reacted v,,ith differeni 
epitope~> el + the core protein. An l ihody  rcacti(li l tl:-,Ll+.Ll]y 

rcqt.tircd the deple t ion  of  chondroitJn sLllfat0 side chain.<,. 
indicai.h~g lhai their cpJtopc(~) \'+a~> Iocuted +,>ll the cholid 
I+oJtin ~ullhtc atlachment regiori. However  antibodies> Jn 

' ( ' to"-  ' ,  two ~;_yno\ iul f lu id ,,,ample,4 reacted wi lh  Jntacl a ~ l e u a n  a~> 
well.  A,~gl't2CLti/ H)ecific :+iutoantibodie~; were det0ctod in 
~,cra ,,)1+ paticnt~ with rheunlatoJd arthrhi~ in I ] oul ifl" ?9 
ca~,es. ~ Thes, c LlutohllillLllle ro~[)oll.'+,es do +<1ol nece~;.lril+\, 
idonii i 'y .q~<~lecan Li~; a Drill/al-y auloantJ~cn Jn rheumatoid 
arthriti~,. The~e I+eaction~ COLi]d al~o hc conscquellCeS; i.)[ + 
secondary illl111Lille reN)on'~es l+ai~cd z+<,gainst fra~.i~lr tfi" 
aggt+,_'can relcased by local i n f l ammato ry  proce~,~es. 

Rclaps in~ pot).,chondriti~, is u r+4re di>+order and it', eft- 
o logy  is ttnknov,,n. Most  of  the patients \u rcktpsing 
polychondt+iti~ have  a prece+`l in.g o r  coexis ten t  rhct+m~utic o r  

:ltllcfimmtme disorder.  These  patients have  cel lu lar  or 
r 2F 2;', -, 7S Ininloral immt+<ne reacl ions  to co l lugen  or aggrccan .  . . . .  

Conchtding remarks 

A<~glouai~ is one o f  the major ,,;tructura] element~, el + 
h),ali ne carlJ hlge. ~everal coilq)oncnt,, o f Ihe hyal ine cart i- 
hioe were shown h) be capable o f  Jndtlcing all Ol7an sped 
fic eXl)erimei~tal auloJmi~ui~c di~eu~e (nrthrili,+) in 7enelJ- 
ta l l y  susceptible animal strains. Some of  the~e arihri lo- 
genie l~lah-ix cc>i~p+`ments ~uo mt\ior constituet~ts of  carti- 

"fl 17 [)1 lugc, l ike type 11 col lagen or Ltggiocztil< Whelea~, 
oihei-s are pre~eni in ca+<tih_tgc in ~.i ki~nif icant ly ~i+<lallcr 
am(iLillt, :-;rich a'+; ll+iint)r colh:'gcn>; (lypcs IX end X[). ~' '  
D:.tt;t l�9 htli11;+<I1 '-ttidio'-;. :i~ \v011 -+<,4 frnm \t,'>rk whh 
ilH.iiiilc zi~2icc:_iil induced arlhrilJ~, ~tion[21), ~tl~.~e<++i lhal 

L+<utohllillLlilL' rocoTnit iun o f  : l ~ i ocan  may bc ti q~ni i icant  
plLLhV, ay which Ill{Ly luud or contribute to calt i lago d0xtrl.lC- 
tion. lntcte~tingl+~,, sLipporti\,o data loi + the inq)ortance el + 

+< c '  ~  e + + ~ "  can-,q+ecific (auto)rcuctivi tv arc i.tccuiiltd;.ltil+<~ I'r()Hi 
other c• ~),"~lellls~ loo. 

Adjuvanl  arlhtiti,+ i~ one o f  lhe cht~>~;ical, i+no~t frcquoi-ltl+v 
~tudied experimental modcl~ o f  inl]allltl/ah~,r~ arlhriti~. II 
curt be eslubli,,hed in ~u<>ccptih]e rat~, v. Jlh ir~trudt'rmul 

in jcc tkm ,:>f Mycol',~iclcriun+ luhurculosh,.  :+ Rcccn l l \ .  it 

W;.l:.., '+.,Li~2.ge,>tci_l that h n m u n i t \  tt~ c;.trtila,.4c ~l#~rt.'cun phl+vs ~t 

nlu.jor role ill tile i,utht+~enc:-,is ,.fl Ltd+Ll \ rL l l ] t  illdUlced urthH- 

lis. and can in+`lucc '<l+C,.'i fie t.olcrztncc to this type <,if urthri- 
tis.: /\dju',<anl artl+uiti~, is riot the orily s+vstcm in v, hich the 
(~:lLltoJilllllltlllOOellJC potential of  a,~.~t-ec~tn v+'+l'-, den/on 
-,tnt+<cd under condition,+ v+hcrc aggrecan ,,\a+ not ut i l ized 
a+ the +trthritc>gcnic u+ent. Epitope>, of  a#~rccun elicit  an 
unti protco~lycut| untiht+dv re'.qx+nse in chrotl ic I~(]- 
induced ~+yno',,'iti~ of  rabbit<,. A rcht l ivclv lar,~c prolxWtion 
o1: lhc'~e <lnlihodies recoL, nizc u t-~ortion o f  aggrccan con 
t.'iininB core  proteh+ and a'-,sociatod kcratan '+;u] fllte, m, 

hi type I1 colht~en h~duccd zlrthti/i~., a 50</; los~ (el chol l-  
droJtJn :~ulfutc end kcrutuN :~,ullate from the aHJcuhxr carti- 
lage tllalrJx wa~ re\culcd. +' H(m.evcr, aggrccun ~pecific 
aulo immune reactivi ty in type II col lagen induced arthritJ~ 
ha~ not yet been tel)erred. 

Proteolyt ic cleL:"+"a'~e of  the interglobuhu domain el 
u~grccan wus sl lo\~n to be a k%,  event in normul end IL - I  
+til/1LI]Lll.cd [ I ~ I ' C C L I I 1  tLIl'+<lO\'el'. ~(~~ 4u -~+++,~<'.4(i.~1 FL i l + l l l e r  c l e f . i v -  

age ~ite<~ \\ere idenl i f ied wi th in the chondroit in ~Ltllutc 
domain. <>~> Furthermore, ha~cd on rotary ~hadowin~ elec 
tron lnJc+<o+copy, +.)Ill)' ()-5()~}{ of  uogrocan hi hull lan 
cartihlgc cxtrzlcts h;.+<,+.e all intacl (._]3 domLiJl+<. +i The e l  
donlain. +<-csihtaili to [)rotcinLi~;cs. Ihurl:':';+<] dt_'n;.iiul+ati+`m and 
cxpos, LIrU to .~olvenl~ +~ nl~+<y retain I+yahirorlan-bindin 7 
c+tpach 7 and licCtJl/itlhito in carl ila{2o. +''>~ 

111 hLinlail~,..,+;on/c dala indicate the role~/<,e of  C-tormhmt 
++tT,~rec;.iil [:'-ctgil/orlt~ of  \'ariou% lell~ttl hlto the ~ynovh+<l 
I]uid. Ouant i i icat ion (:'1 tile released cho+<+<drmtin sullato 
rich rcgiori o[  L+<~i-eczln in ~;yn(l\i~.tl l ]u id pro\ide~, il t()o[ +<(i 
predict lLliUlC joh l l  dcsl+<uction iii early rhcui+<+<atoid +utl+<ri- 
tb; x-+ or [o n~onhor tl~e cflect~; o f  thcrLtl)y on cLutihwc~, t+<+<eta 
b o l i < m ~ .  '~4 S y I 1 0 ' , / I H ]  f lu id COilCelltrati(lns, o f  tllc glycol;a- 
ll11110 o I �9 ~_ ycs++<n-attachn~ent re.~ion were highc~l in rheumatoid 
arih+<iti. <, patient,,, who had l i tt le oartihl<Te damage. On the 
co:'+<tral+y, the release o f  tile (31 donl{ l in prcdOlllillLited in 
[)atici+lt.~ ~vilh advanced curi i lage de~,lruclion. '~: 

The inclea.%cd Io~s ()f a.~.glCCan Ironl c;.utJizige i~ i+<oi +`)ill,,' 
oh,+er\ .cd in ilffhmm~alo:"v arthrhi>, (c o rheulnatoid arthi i  
tis), but +lisl:) in po,+t-lra+<Jmatic corldition~,�9 Knee in ju led 
patients had twice the u\,era<+e~, concentration<+ o f  {1~l'001:'11+< 
l+r~.tgl+<lonlh in .joint f lu id as heulthy \,ohulteers. l<~ The physi- 
ological (age rchttcd) ~.u+<d pathological  reh_+a~,e (if Lt~ol-ec{+<lq 
['rLl.<~l/1Clli:., niiscs the pr that ~,Ltch I+t-aTnient~, might 
!'st ~ p!!CC',:'III!CFL+(| h \ ,  f+ l fH l l l ' n l ' . ,  C'lj" th �9 i +~ )~ 1 " ' .4V'.;h' l i i  ;t11<'l 

thu~. 11/~+1_V elicit ~111 +tLllOinlnlulle tc~;pon+c. (7l d()inain 
ret.:ihled in the cartihloc iI1~.i\' '+,cr\'r Li~ .it f ixed tarTel direct 
ill{2 ttlo illlil+<ulle l+C.'.;pc, il,'+,c'r t(:, the curlil;i<ge. The (~2 domain 
+.)i L+<g.ffl+ecziil and the l ink pl+otoh~ c:.ti+l) , h iohly s imi lar  y;trttc- 
tural mot i ik with the (31 d<.)ll+<t.till Zilld thus may particit+mte 
in a cro>~++-rcacti\ c aLItt)illlnlLIllC l+c>;pt)llXC tO (.~ J. 

In the mLnine model, inml tn l iza l ion \ \ i th I]tili]an +i<.2, 7- 
recan elicits {111 i n l l l l t l l / e  lo+q'>C'~ll'~e to cpitot+cls) o f  tiac im 

111tllli/ill~ II-IOICCtlIr The" T t_'ell It:~lCtiXily h) cpitopc(~,l o f  

P \ l t l f f l  ( )C IY ( )NC( f lX )GYRIs  
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the human PG (recognized e i ther  in the pr imary resptmsc 

or after in t ramolccular  de te rminant  spreading) may, in 

turn, lead to the recogni t ion of  homologous  epitope(s)  of  

the self  (mouse)  aggrecan.  This self  epi tope(s)  is presum- 

ably cryptic and avoids  tolerancc induction.  However,  it 

could be produced us a result of upregulated sclf  antigen 

presentat ion (possibly by the inwf lvemcnt  of cells with 

different process ing mechanisms) .  In the aggrecan- indu-  

t ed  murine arthritis, the G I domain  clearly proved to carry 

all arthri togenic strncture, 

In humans ,  the initial p r iming  may occur  at the t ime of  a 

microbial  infcction. Recogni t ion  of  epitopes of  pathogcns  

structurally related to those of  the PG could possibly lead 

to lhe presenta l ion of  cryptic  de te rminants  of  the self  

aggrecan and, as a consequence ,  result  in aggrecan speci- 

fic autoreactivity.  The m e c h a n i s m  by which  sell" ant igen 

presenta t ion is induced still needs to be elucidated.  This 

process is probably  the key event  in the deveh)pmenl  of  

the organ specific autoreactivity.  In humans ,  the biological  

s ignif icance of  aggrecan directed an to immuni ty  is current-  

ly being explored.  So lar, it is not clear which  part(s) of the 

molecule  may be inwflved in the pa thomcchan i sm of  

human  jo in t  disorders.  However.  the g rowing  intensity of  

work in this field suggests  thai the answer  will not be long 

awaited. 
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